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Preface

 

Technology, whose importance to domestic economic development has been widely recognized, has become the main strategy for competition across nations. With the rise in knowledge-based economies and the fast pace of technology development worldwide, there is a growing trend to develop high-end technologies, notably in information technology. Accompanied by economic globalization, the rising trend of globalization in technology enables the rational allocation and fl ow of the ele-ments of technology without restrictions, allows the sharing of technological activi-ties, and the space fl ow of technology more frequently. Technology has made a huge impact on economies and societies through technology transfer, which is regarded as an essential step for technology to have a social and a economic value.

Technology transfer has been given considerable importance in China as it is 

the key for improving core competence and is fundamental for the implementa-tion and transfer of technological innovations to production. However, technology transfer has long been the weak link in establishing a national innovation system and is a great handicap for improving the self-innovation abilities of businesses because of the lack of proper mechanisms, regulations, and policies. To promote knowledge fl ow and technology transfer, it is important to fully utilize govern-ments, colleges, scientifi c institutions, and businesses to explore and improve the eff ective mechanism of technology transfer.

Starting with the concept of technology transfer and its mechanism as the main 

theme, several issues, such as the measurement, the cost and benefi t of  technology transfer, the dynamics of the technical diff usion fi eld, optimal allocation of tech-nology transfer, and its game theory, are discussed in this book. Meanwhile, with some empirical studies based on the reality of China’s technology transfer, some adventurous attempts and innovations have been made in both theoretical and practical aspects, which reveal the mechanisms, features, eff ects, and modes of technology transfer. All the studies involved provide constructive suggestions on implementing China’s technology transfer in a reasonable way.

Th  e nine chapters of this book are written by the following authors: Chapters 1 

and 3 are written by Sifeng Liu, Chapters 4 and 8 by Zhigeng Fang, Chapters 2 and 7 by Hongxing Shi, Chapters 5 and 9 by Benhai Guo, and Chapter 6 by Lizhong Duan. 
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Abstract

 

Starting with the concept of technology transfer and its mechanism as the main theme, several topics, such as the measurement, the cost and benefi t of technology transfer, the dynamics of the technical diff usion fi eld, the optimal allocation of technology transfer, and its game theory, are discussed in this book. Although there are some empirical studies based technology transfer in China, some innovations have been made in both theoretical and practical aspects, which reveal the mech-anisms, features, eff ects, and modes of technology transfer. All of these  studies provide constructive suggestions on implementing China’s technology transfer in a reasonable way.

Th  is book can be used as a textbook for postgraduates or senior undergradu-

ate students specializing in economics and management and as a reference book for those who are involved in management, scientifi c research, and engineering technology.
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Chapter 1

 

Summary of Technology 

 

Transfer

 

1.1 Defi nition of Technology Transfer

1.1.1  Basic Meaning of Technology

People’s understanding of technology is diverse; the defi nitions of technology are varied too.

Th  e original meaning of technology was profi ciency. In the proverb “Practice 

makes perfect,” “perfect” meant technology. Now, it is understood that technology is a process or a process system. Diderot, a distinguished enlightened thinker, materialist philosopher, and education theorist in France in the eighteenth century, gave a concise defi nition of technology in the Encyclopedia: “Th  e technology is vari-eties of tools and rules system that is collaborated for a common purpose.” Some scholars also defi ne technology on the basis of its purposes, components and func-tions, such as Gaynor (1996) who pointed out that technology can be described in diff erent ways: fi rst, that technology is the realization of resources into products or services; second, that technology includes knowledge and resources, which can help to reach established goals; third, that technology is an entity of science and engineering, which can be used in production processes and product designs, and also in the exploration to gain new knowledge. Li Ping (1999) considers technology as an eff ective means used by people to engage in various economic activities in spite of scarce resources, and the extension of technology includes products, processes, human resource, and organizations. Huang Jingbo (2005) holds that technology is a combination of knowledge, methods, skills, and special know-how that is used by humans in understanding and utilizing nature.
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In essence, technology is a kind of systematic expertise associated with production processes of goods and services, and is a combination of the means, methods and skills created and developed by humans, to realize the needs of society. In terms of social productivity, the overall technical forces include technical skills, work expe-rience, information knowledge, and equipments of solid tools, namely technical personnel, technical equipment, and technical information in the whole society. Th  e other characteristics of technology include purpose, sociality, and pluralism.

Any new technology arises for a purpose, and the purpose of that technology runs through the entire process of technical activities. Hence, modern technology has strong utility and commercial features. Th  e sociality of technology requires collaboration with the community and social support; it is also subject to a variety of social conditions. Th  ese social factors directly aff ect the success of technology and the development process. Th  e pluralism of technology ensures that it can be expressed not only as tools for tangible equipment, machinery, entity material, and other hardware; but also as processes, methods, rules, and other knowledge software, as well as information and design drawings that are not material entities in themselves but material carriers of other manifestations.

 

1.1.2  Establishment and Evolution 

in the Defi nition of Technology

Th  e descriptions of technology transfer can be summarized as follows:

Technology transfer is the fl ow of technology and is an important means of technology development.

Technology transfer is the transfer, proliferation, promotion, and transplantation of  technical  achievements  in  diff erent countries, regions, sectors, industries, or enterprises.

Technology transfer is the fl ow of technology in diff erent sectors, regions, and enterprises. Th  rough technology transfer, technology combines with production processes to form new combinations and systems of technology. As a result produc-tivity is enhanced, and economic benefi t is improved continuously.

Technology transfer refers to organized delivery activities between supply and demand. In the process of technology transfer, the two sides are mutually constrained and interrelated. As a dynamic process, the realization of technology transfer is the result of the joint eff orts of both supply and demand.

Technology  transfer  refers  to  the  transfer  of  technology  from  production  to application, making full use of the technology and realizing its value. Technology transfer includes the combination, transplantation, transmission, communication, and popularity of technology.

Th  e international community discussed the issue of technology transfer for the fi rst time in the fi rst session of the United Nations Conference on Trade and Development in 1964. Th  e meeting defi ned the input and output of technologies among countries as technology transfer. It is important to understand that technology 
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transfer is not the physical transfer from point A to point B. It is also necessary to ascertain the systematization and complexity of transfer activities to make the con-notation of technology transfer clear. As understood universally, technology trans-fer can be expressed as a certain type of technology-based diff usion process, which represents a certain technical level of knowledge. Th  e United Nations’ defi ni-tion, in “International technology transfer in the draft code of conduct,” refers to it as the transfer of system knowledge on the manufacture of a product, producing methods or providing service, but does not include the sale of goods or simply rent. Two representative views are more enlightening: the fi rst is the defi nition made by Rose Bloom of Harvard University. In his view, technology is acquired, developed, and utilized through a path which is entirely diff erent from its origin, and this process of technical change is technology transfer. Th e defi nition stresses the point that we must emphasize the adaptability of technology and environment in this shift, and not simply the move from one place to another. Th  e other view was put forward by the American scholar Sipei, S.A. Based on the organized thought of human  behavior  promoted  by  anthropologist  Harrington,  technology  transfer  is organized work to achieve the goal and to make the necessary technical information move reasonably. He limits it to the planned and rational fl ow between the government and enterprises, and emphasizes its orderliness and regulations.

In the late 1970s, the concept of technology transfer came to China. Th e time 

that the Chinese were introduced to this theory can be traced back to as early as 1978. Tang Yunbin (1978) quoted the defi nition made by H. Brooks of Harvard University. Brooks holds technology transfer is knowledge developed in a certain group or agency, but this kind of knowledge is realized in matters of other groups or agencies. Th  ere are two types of transfers in his opinion; one is vertical transfer, which refers to knowledge transferred from general and common areas to more specialized fi elds, often from the basic new scientifi c knowledge to the fi eld  of application technology, namely the broader technology transfer. Th  e other one is horizontal transfer, it refers to technology transfer from one application to another application, in the narrow sense of technology transfer. Th  is horizontal transfer is divided into three categories: the fi rst is achieved through trade, namely buyers introduce advanced technology through the purchase of advanced products.Th e second is the pure or original meaning of technology transfer, which is the techni-cal trade of licensing trading. Th  e buyers introduce technology to self-production, using the technology itself for trading. Th  is is the so-called turnkey package deal. Th  e contents of transfer include production technology and the corresponding equipment, plant, as well as staff  training, and production preparation.

In 1982, the Outlook magazine no. 8 published an article “What is technology 

transfer?” to explain the term. In the interpretation, technology transfer was defi ned as the transfer of the results of science and technology, information, the trans-fer of ability, transplantation, import, promotion and popularization, and so on. For example, industrial production will put raw materials, technology, equipment, products, drawings, technical programs, design, as well as some theoretical research 4 䡲 Theory of Science and Technology Transfer and Applications 

 

results and ideas for exchange in areas, or departments. Scientifi c technology transfer can happen in many forms. Th  ere are two general types and fi ve channels. Of the so-called two types, one is inner transfer, and the other is transfer to production applications. Th e fi ve  channels  are  from  the  laboratory  to  production  (including basic research, applied research, application of research and development to production), from military to civilian application, from the advanced region, sector, or industry to backward regions, sectors, industries, from the urban to rural areas, from domestic to foreign countries.

From the 1980s, many Chinese scholars began to study the issue of technology transfer. Th  e  most  representative  of  their  work  is  the  gradient  theory  of technology transfer promoted by Yulong Xia and Zhongxiu He. In March 1982, Yulong Xia of Shanghai Institute of Science published an article named “Gradient theory and regional economics” in the magazine Research and Suggestion and pro-moted “gradient theory.” In the same year, Zhongxiu He of the Tianjin Science and Technology Commission submitted a paper “On the gradient transmit of technology” at the World Assembly of Sociology. It was the fi rst time that the “Domestic technology transfer to promote the law of gradient” was promoted. Th  ey pointed out that there is a natural gradient distribution in the economic and technical development in China—coastal, central, and remote areas—due to the economic and social imbalance. Th  e mainland and a number of remote areas are rich in resources. But owing to historical reasons, insuffi  cient  funds, and slow development, technological development is poor, resulting in quite a few areas still in the traditional and backward economy. Th  e central region is in the middle level whereas the coastal areas are equipped with “advanced technol-ogy”; the strength of their economy is obvious. Domestic technology should be adopted by the technical services, the transfer of outcome, compensation trade, joint ventures, and joint companies to achieve the transfer gradient of technology, namely, transferring “advanced technology” to “intermediate” and “traditional” technology. Later, the theory of evolution became the guiding ideology of China’s macroregional development. Some academics have suggested a gradient transfer theory with a diff erent view. Yuan Gangming (1997) pointed out that China’s western region can introduce and develop advanced technology on their own and do not have to accept the technology delivered by the main coastal areas. In the western region, there have been a large number of successful cases of introducing and developing advanced technology to go beyond gradient sequencing and get faster development. Th  e gradient policy favors the developed regions and delays the development of underdeveloped areas, which will only increase regional disparity. Kai Liang and Lianshui Li (2005) put forward the counter-gradient theory and pointed out that less developed areas should develop in leaps and bounds, taking advantage of the income tax preferential policies extended to technology transfer in the Chinese Corporate sector to assess the eff ect of analysis using cost–profi t analysis, charts and draws analysis, and other methods.

In the late 1990s, the academic community reached a consensus: the time and space spread of technology was defi ned as technology diff usion, the transfer from 
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the laboratory to the production unit was referred to as technology transformation, technology owners granted the right of application to other people; all of which is collectively referred to, in the broad sense, as technology transfer. Th  is book is in favor of such a consensus.

Th  e connotation of technology transfer is still in the development stage while 

the study of technology transfer theory has been developed further. With world-wide competition in science and technology, technology transfer research has a wide range of areas for research and an equally wide scope for increase in the content.

 

1.1.3  Discriminate Correlative Defi nition 

of Technology Transfer

1.1.3.1 Technology Innovation

Th e concept of technology innovation was fi rstly  proposed  by  economist,  Joseph Schumpeter. Schumpeter used the word “innovation” for the fi rst time in his book Th  eory of Economic Development (German), which was published in 1911 followed by an English edition in 1934. Th  e book reads: Innovation is the economic system, which took place in a serious deviation from equilibrium. It cannot make a new equilibrium in the balance on the basis of the old through the gradual adjustment to achieve. In 1928, Schumpeter published a new article “Instability of capitalism” in the Journal of Economics, which discussed innovation for the fi rst time. In his view, innovation is a productive resource for innovative applications, with nongradual characteristics; inno-vation needs a large amount of venture capital before benefi ts can be reaped, the resis-tance to success stems from the unprecedented and uncertain nature of the innovative activities. In 1939, Schumpeter systematically described the theory of innovation in his book Business Cycle, where innovation is described as the introduction of a new economic system in the production function. It is mainly generated by the role of entrepreneurs. Innovation can be divided into technology innovation and nontechnology innovation. An important characteristic of his innovation theory is that he looks at it as the reason that capitalist society appeared a signifi cantly nonbalanced economic cycle. In 1951, Solomon wrote an article titled “Capitalism in the process of innovation—on the the-ory of Schumpeter” in the Economics Quarterly. Solomon thought the signifi cance of technology innovation is that it is a major source of economic change consisting of two parts—conceptualization and development work. It laid the foundation for the defi ni-tion of future technology innovation. In 1953, anthropologist H.G. Barnett wrote a book Innovation—Th  e Basis of Cultural Change. In his book, he analyzed innovation in sociology and psychology, and proposed that innovation is essentially systematic attention to the process, with special emphasis on the innovation of a process with a nonprogressive nature. In 1954, W.R. Maclaurim published the article “Invention and innovation to the order and its relationship with economic growth” in the Economics Quarterly. In his opinion, innovation emerges when invention is introduced into com-mercial applications in the form of a new or improved product or process. Moreover, he pointed out that invention and innovation are both completed at diff erent stages 6 䡲 Theory of Science and Technology Transfer and Applications 

 

by ordinary individuals or institutions, indicating that invention and innovation overlap between these two stages, but they have diff erent characteristics. In 1962, J.L. Enos gave a complete defi nition of technology innovation for the fi rst time in the “Oil-refi ning industry of invention and innovation,” pointing out that innovation is the successful outcome of a series of activities, which include the search for innovation, the implementation of the funding, the establishment of organizations, employment of workers, the development of the market, etc. In 1963, a corporation named Arthur. D. Little separated the concepts of invention, innovation, and diff usion in an article titled “American industrial technology and innovative form and issue” for the United States National Science Foundation. In their opinion, technology is taking the lead in developing and refi ning inventions of practical value on the product or process ideas. Technology innovation is the invention for a commercial application. Th e pro-liferation of technology innovation is widespread. In 1974, C. Freeman in his book on “Economics of industrial innovation,” defi ned technology innovation as new prod-ucts, new processes, and new systems or the beginning of a new device from the labo-ratory to its commercial success in application and the whole of the activity process. In 1977, E. Mansfi eld published his book New Industrial Technology in Production and Application, in which he pointed out that innovation is the whole process of develop-ment of a new product from the time of the exploratory work until the new product is available for sale. At this point, the basic concept of technology innovation got a commitment, and formed a relatively consistent. In 1985, R. Moss of the Bell Labs Moss in the United States gave a “defi nition of technology innovation,” published in Project Management Journal, pointing out that in their collection of about 350 articles on technology innovation literature, 75 percent showed striking consistency. Th is is now the defi nition of technology innovation—the process beginning from the idea of a new concept to the success in a meaningful way of the practical application of the idea for nontechnical phenomenon. Economists generally believe that productiv-ity growth and a corresponding increase in the per capita income depends on the continuous process of technical change. Th  is  process,  to  a  large  extent,  is  refl ected in the success of the new infrastructure development, production, and distribution. Wang Yingluo and Jia Liqun summed up all the past versions and defi ned technology innovation as follows: it includes new products, materials, technology, or other systems based on the direct use of natural and technical knowledge, as well as the application, development, design, drafting of the product specifi cation, manufacturing production prototype, and preproduction processes.

 

1.1.3.2 Technology Diffusion

Technology diff usion is a topic widely explored by economists, and is closely linked with technology transfer, technology spillover, and many other related concepts. Technology diff usion is the simply the description of the movement of technology from one place to another, or from one user to another. In general, a technological innovation is limited in its economic and social impact on productivity improvement, 
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and only when the new technology has been integrated into the production process will it maximize the potential economic benefi ts, to promote evolution of the economic system and gentrifi cation.

Some scholars emphasize that technology diff usion is a simple acquisition not 

only for production technology but also to build the technical capacity of import. From the point of view of Balin Sen, the engineering and design ability of the local region are more important than merely acquiring knowledge and increasing production, as the region should have the capacity for technical change. In fact, the technology diff usion process is a learning process, which is an activity of independent continuous innovation on the basis of imitation. Learning reduces costs; the learning curve exists not only in individual learning, but also in the team’s cooperation, organizations, and industries (Ping, 1999).

Some  scholars  also  stress  that  technology  diff usion is a process of selection. 

Metcalfe believes that technology diff usion includes the choice of enterprise at various levels of technology, as well as the selection of customers in enterprises. Because of these interactions of the selection process, the outcome of technology has increased dissemination in the market, so technology innovation is a step-by-step process to achieve technology diff usion.

Some scholars focus on the characteristics of technology diff usion and lay stress 

on the new process of imitation and the reinvention. Th  ey think dissemination, infi ltration, and crossover of time and space constitute the essence of technology diff usion. Th  is process is the movement of output and input through a variety of carriers in diff erent countries, regions, industries, and enterprises. It is also primarily an invention for commercial use, in the process of continual re-innovation and constantly  in  increasing  demand.  Schumpeter  also  believed  that  the  spread  of technology innovation is essentially an act of imitation. Many companies, in pur-suit of excess profi ts will join the ranks of imitators, because it is a wonderful role model, increases effi  ciency substantially, and reduces cost and a small number of enterprises, while imitating the process, will attempt a technological innovation to produce new products resulting in the diff usion process. Schumpeter saw the large-scale “copy” as technology diff usion. Only by spreading widely can any technology provide economic and social benefi ts.

Some scholars also defi ne technology diff usion from a technical knowledge of 

the properties; it is essentially a process of knowledge exchange, a source of inno-vation, a potential source for current and potential users of the innovative coding knowledge and the implicit knowledge.

Rogers, who is a representative of the Communication Th eory (Mansfi eld, 1971; 

Rogers and Scamell, 1990) believes that the proliferation of technology is the process of diff usion in the social community in a certain period of time through a channel in the system. Th  e essence of the diff usion process is that the original message or new ideas are spread from one individual to another (Rogers, 1995). J.S. Colemen holds the view that technology diff usion is the process fl ow of information; it must be car-ried out in the middle of a bridge or a two-step fl ow. Chinese scholars Jiaji Fu and 8 䡲 Theory of Science and Technology Transfer and Applications 

 

Qingrui Xu share the same point of view; they believe that the diff usion process is the core of the bandwagon eff ect, namely the usage by potential adopters of the technol-ogy depends on the decision of the consumer. Mansfi eld, who proposed the model of imitation based on learning to imitate, pointed out that the technology diff usion pro-cess is a process of imitation—a proactive learning. When the copy contains progres-sive innovation, it becomes a high-level study. Th  erefore, he adopted the “infectious disease” model. P. David and S. Davies have put forward the stimulate learning— response mechanism theory. Th  ey suggest that adopters follow a “ stimulus–response” mechanism in the process of technology diff usion. When stimulation of the poten-tial adopters meets the “critical level”, potential adopters respond to the stimulus with  innovation.  As  a  result  of  continuous  diff usion, learning by doing leads to the reduction of marginal cost, and the “critical level” reduces, and in turn promotes future technology diff usion.

 

1.1.3.3 Technology Spillover

Technology spillover refers to the technology that companies promote locally through nonvoluntary diff usion  of  technology  as  productivity  cannot  increase with local technology alone. In the process of localization, it is a kind of external economic performance. Many research scholars work in the area of spillover eff ects. Since the 1990s, the latest theory and research about spillover are mainly in the following fi ve areas:

 1. Th  e main fi gures of fi rm theory on the premise of spillover are Klibanoff , 

Morduch, Lee, Boisot, Poyago, and Th eotoky. Klibanoff  and Morduch (1995) examined technology spillover between companies. In the competitive model, the external economic and technical spillover led to an increase in ineffi  -cient fi rms, without a positive correlation with the external effi  ciency.  But they found that with small spillover conditions, cooperation is of no real use, but in the large overfl ow, only through cooperation can the effi  ciency of the economy be improved. Lee (1995) found that manufacturers’ research in and development of their technology and their contacts with the outside technol-ogy have become more active in the context of new technologies, compared to the small fi rms. Boisot (1995) discussed the eff ect of the neoclassical learning and Schumpeter learning on manufacturers’ skills, utilizing cultural space as an analytical tool. Poyago and Th  eotoky (1995) studied the oligarchs wher-ever there was a joint venture of the best balance and scale. Th  ey found that the market would not be able to function but for the cooperation between manufacturers to provide adequate stimulation for the overfl ow of informa-tion in a simple model of oligopoly; so the joint R&D companies are usually smaller than the size of a balanced level of the best.

  2. In the analysis of the spillover in game theory, Kapur and Ziss are the main 

fi gures. Capper (1995) studied the uncertainty of the manufacturer and 
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learned acts spillover by building a game model. Ziss (1994) built a two-stage 

game of a bilateral oligopoly model, comparing the noncooperative model 

with the joint venture (R&D phase of the collusion), price (production stage 

of collusion), and combination (R&D and production stage of the compre-

hensive collusion) of collusion. And then he assessed the condition in a variety 

of ways to improve the outcome of collusion. When the overfl ow is large 

enough, the outcome level in all three forms of collusion is higher than in the 

noncooperative manner; it is highest in the combined manner. Th  e price is 

lowest in the case below.

3. Gugler, Dunning, Hagedoorn, and Duysters support the spillover analysis in 

a strategic alliance. Dunning and Gugler (1993) observe that a strategic alli-

ance is to create, maintain, and improve technical advantages and include the 

vendor’s innovative activities and regional allocation of complementary forms 

of organization; the spillover of the international technology of strategic 

alliance varies with each industry. Th  e R&D integrated complex is part of the 

creation of technology, the proliferation of organizations, and organizational 

complexity of the network; strategic alliance can be integrated into the prolif-

eration activity in the international study of mainstream economics with the 

theory of manufacture. Hagedoom (1995) studied the noncore technology 

strategy of the 1980s on cooperation between companies, and revealed the 

union’s basic strategy for technology trends. Duysters and Hagedoom (1996) 

found on an analysis of the companies’ R&D activities, innovation, and 

production strategies, and the international trend in technical cooperation 

that, even in global industries such as IT, the internationalization of innovation 

was still low.

  4. Parente, Colombo, and Mosconi support the spillover eff ects and “learning 

by doing” theory. Parente (1994) studied the technology diff usion, learning 

by doing, and the relationship between economic growths. He chose specifi c 

manufacturers to study the time to absorb technology by the learning-by-

doing model, by observing a variety of techniques that the manufacturers 

learnt by doing, through the acquisition of knowledge and know-how to 

improve the available technology. He also proved that the technology 

companies absorbed decision-making and output growth techniques in capi-

tal markets depending on their eff ectiveness. Colombo and Mosconi (1995) 

analyzed the compounded technology diff usion compatibility in the early 

years and the cumulative eff ect  of  learning  later.  Learning  by  doing  is  an 

eff ective tool of technology diff usion in the path of technical experience.  5. Mckendrick, Keluomubo, Buzzacchi, and Mariotti support the spillover analysis 

of organization technology. Th  eir focus is on the organization technology 

of banks. Mckendrick (1995) found that the source of imitation for bank-

ing organizations technology is mostly nonmarket intermediaries. Th is source 

with expertise in various manufactures will, they expect, diversify in the near 

future. Buzzacchi, Keluomubo, and Mariotti (1995) believe that most of the 10 䡲 Theory of Science and Technology Transfer and Applications 

 

economists engaged in diff usion and innovation of technology and research take the manufacturing process only as an example and ignore the fact that the proportion of the services industry is rising continuously in developed countries. Hence, they discussed the diff usion of banking technology in Italy.

 

1.1.3.4  Inherent Relationship of Correlated Concept

1.1.3.4.1  Technology Transfer and Technology Diffusion

According to the earlier analysis, technology diff usion and technology transfer are interrelated, but there are obvious diff erences between the concepts. It is generally believed that the defi nition of technology diff usion is broader than that of technology transfer and that the applications of the two are also diff erent. Technology transfer is mainly a means of the subjective purpose of economic activities. Both the sides involved in technology transfer have a clear purpose. Technology diff usion includes both the actual technology transfer and the incidental technology improvement, with more emphasis on the latter. Technology transfer involves the international community in general for the movement of technology, whereas technology diff u-sion is limited to the scope of technology in the domestic context. In some specifi c cases, technology diff usion has also been seen as technology transfer, but only when technology diff usion and technology transfer are directed at new technology or its application.

It is clear that technology diff usion and technology transfer have common links as well as clear distinctions.

Th  e links between the two are as follows:

First, technology diff usion and technology transfer require movement of technology through certain channels in diff erent geographical areas or between mobile technologies as a prerequisite for technology innovation, and its essence is the ability to transfer technology. When the movement is across borders, the movement becomes international technology diff usion and international technology transfer.

Second, the channels of diff usion and transfer of technology are generally iden-tical; both include deliberate transfer of technology, and need-based “unintended” dissemination of technology.

Th  ird, technology transfer and technology diff usion are complex processes; in addition to technology being the main link between the networks, they are both aff ected by technical, economic, social, and cultural concepts.

Th  e introduction of the transfer to or diff usion in a region has the importer of the technology as the main participant; its ability to absorb the technology directly determines the outcome of the diff usion or transfer of technology.

Fourth, the complete process of technology diff usion and technology transfer com-prise the process of being constantly used, copied, and emulated and reinnovated.
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Th e diff erences between the two are as follows:

First, there is only one acceptor in the transfer of technology in general, and the 

target is clear. But there are several acceptors in technology diff usion, mainly the potential adopters.

Second, the transfer ends when the acceptors master the technology transferred, 

whereas diff usion ends when all the potential acceptors adopt the technology. Th us, more emphasis is placed on the latitude of time.

Th  ird, technology diff usion is the process of spread and divergence, that lays 

stress on the concept of time and space and the external eff ects of technology. Technology diff usion and technology spillover and even the use of the two alterna-tives, are consequently linked. Technology transfer stresses the process of movement to a location, often ignoring the impact of external technology. In fact, the processes of technology transfer happen at the same time as the spillover of technology.

1.1.3.4.2  Technology Transfer and Innovation

Technology innovation and technology transfer areas are two complementary processes. Technology transfer cannot be separated from technology innovation and technology innovation is critical to technology progress as a whole. Th ey form the fundamental mechanism in the progress of technology, the improvement of  economics,  and  in  socioeconomic  development;  they  comprise  the  entire course of technology invention (the emergence of new technologies), technology development (new technology), and technology diff usion (the application of new technologies to promote). Technology innovation is a basic prerequisite and the main source for technology transfer. Beginning with the technical change in devel-opment, the two processes of technology innovation and diff usion run parallel to each other and promote each other. Technology innovation drives the process of technology transfer from the content as the source of the transfer. Technology transfer is the driving force behind technology innovation, and it not only provides technical resources but also energizes the act of innovation.

Technology diff usion makes the innovation more complete and eff ective. In 

some specifi c cases, technology diff usion has also been viewed as technology trans-fer, but only when technology diff usion and technology transfer are both directed at new technology or the application of new technology. However, the targets of transfer often refer to the existing technology and not new ones. Th  is is precisely the reason why technology innovation and transfer of technology are considered as complementary processes.

1.1.3.4.3   Technology Innovation and Technology Spillover

To some extent, technology spillover inhibits the innovation enthusiasm of main enterprises with negative eff ects, which becomes especially apparent in the case of a large overfl ow of technology. Enterprises pursue high profi ts and low risks as the 12 䡲 Theory of Science and Technology Transfer and Applications 

 

main theme of market competition; they will not carry through technology inno-vation contrary to this principle. With limited capacity in the market, the cost has become an important part of profi t. Th  e enterprises attempt to reduce the total cost of technology innovation in their own way, but the complexity of the task requires high R&D investment, and it is the complexity of technology and the high invest-ment that determine the characteristics of high-risk. But technology has overtaken companies and made low-cost access to others’ research results possible, thereby avoiding  costly  investment  in  research  and  development  and  reducing  risk  at  the same time; besides, the result of technology innovation of enterprises with low-cost competitors has been to promote the level of competition, virtually reducing their competitive advantage, which is independent innovation with no interest in the results. Because all the decision-making businesses are aff ected, the ultimate result is that enterprises are willing to “wait,” and reap the profi ts. Th  e external eff ect of this technology spillover ends in market failure, and this cannot inspire enterprises to innovation.

It goes without saying that the negative eff ect of the above analysis is only from the point of view of costs and profi ts; the main consideration is the impact of technology diff usion on independent innovation. In fact, there are many fac-tors that inspire enterprises’ innovation. In real economic activity, many companies have growing enthusiasm for technology innovation, and innovation activities do not stall because of negative eff ects, the pressure of competition and patent protec-tion system playing a key role. Patent protection system defi nes the ownership of technology outcome from the point of view of property rights, and those who imi-tate will be charged patent fees to make up for the spillover eff ects of independent innovation and the loss of business suff ered to safeguard the interests of the inno-vator. But the patent system has defects, such as elimination of the monopoly of knowledge. Th  e transaction costs are inevitable due to transfer among enterprises. Hence, when there is a more eff ective system or model, the technology spillover external eff ect is internalized.

 

1.2  Manner and Effect Factors 

of Technology Transfer

1.2.1  Basic Form of Technology 

Transfer—Technology Flow

Technology fl ow is the basic form of technology transfer. In theory, technology fl ow is associated with talent fl ow, material fl ow, capital fl ow, and information fl ow. Th e academia has a long history of research on technology diff usion and innovation and there are two schools of study of the dynamic mechanism and the channels of fl ow. For example, Chinese scholars in economic geography, have come up with a regional development point of the axis theory, gradient and antigradient theory with a broad 
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spread of technology transfer, regional economic and technical development, and foreign direct investment (FDI) in theoretical research. Th  ough these works continue to be macroscopic views, some of them can also be used for technical theory.

 

1.2.1.1  Components of Technology Flow

Technology transfer is the essence of technology fl ows; mainly three types of knowledge fl ow. Accordingly, technology fl ow also has three categories:

Th e fi rst category is the physical fl ow of knowledge in terms of the products, 

parts and components, equipment, and manufacturers.

Th  e second one is the invisible fl ow of knowledge in terms of know-how, patents, 

and other information, including technical data, documents, standards, technical 

manuals, service contracts, and maintenance manuals.

Th  e third is the macro- and microfl ow of information in national, regional, 

business organizations, and individuals, because this knowledge can not only 

be clearly written in the form of text, but can also be operated in practice to 

understand and master.

Although there is no clear stipulation of the third knowledge in the transaction 

of fl ow, it is clear that it contributes to the fl ow knowledge in both the fi rst and second categories. In fact, technology management of, production management of and marketing skills for the fl ow of knowledge are very diffi  cult, as it depends on experience, learning, and innovation of the acceptors in practice.

 

1.2.1.2  Features of Technology Flow

Technology fl ow  refers  to  the  fl ow process of technology capacity, which covers technology innovation, technology diff usion, and technology transfer. Specifi cally, the technology fl ow has the following fi ve features.

1. Systemic technology fl ow involves the technology, sender, channel, and receiver.

  2. Initiative technology fl ow  refers  to  capacity  of  technology,  rather  than  the 

fl ow itself, including the ability to use the technology and innovate.

3.  Bidirection technology fl ow is diff erent from the concept of transfer and dif-

fusion; it is not a one-way fl ow from the supplier of technology to the acceptors, 

but a two-way process with feedback, output, and other complex processes.  4. Interchangeable technology fl ow is the process of fl ow, where the source of 

technology could become the acceptor, and the technology acceptor can also 

become the source of technology. Th  ere is no defi nite boundary.

5.  Dynamic technology fl ow is an endless dynamic process. Technology acceptors 

spread technology after accepting it, which develops into a spiraling dynamic 

process with no end.
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1.2.1.3  Channels of Technology Flow

Th  e technology fl ow  channel  is  an  integral  part  of  the  technology  fl ow and the medium to connect the supplier and the acceptor. Th  e complexity of the technology itself, the supply-side conditions (of the region), the level of technology, development strategies, and other factors contribute to create a wide range of technology fl ow channels.

Diff erent levels of technology have diff erent channels. Primary production’s technology transfers are mostly turnkey projects, concessions, and management contracts. It is common for labor-intensive export industries to contract and import machinery and equipment, outsource foreign technology and licensing, and these are generally through channels to introduce the technology to regions, which are backward or have been using standardized technology. High-tech industries’ fl ow channel of technically oriented technology alliance helps to reduce costs, risk diver-sifi cation, and harmonize competition.

Diff erent times give rise to diff erent channels of technology fl ow. In developed countries, mergers and acquisitions were important channels for technology fl ow in the 1980s. In the 1990s, due to the integration of multimedia technology, tech-nology alliance became the mainstream technology fl ow. Developing countries are still dealing in the purchase of equipment, FDI, and other main types.

Th  e obligations of supply and demand and the ability to acquire technology are diff erent in diff erent channels, for example in the channel of trade in goods, machinery and equipment imports, FDI, technology alliances, mergers and other major fl ows, the technical capabilities and the degree of restraint are ordered from lower to higher ranks.

Th  e success of technology fl ow is not determined by the kind of channel; the psychological and geographical approaches are critical success factors.

 

1.2.2  Ways of Technology Transfer

Technology transfer takes place between diff erent countries and regions, enterprises, colleges and universities, research institutes, and others, where the enterprise is the most important subject. Technology transfer happens in a variety of specifi c ways, which can be roughly divided into two categories: internal and external technology transfer. Considering transnational corporations as an example for technology transfer, internal transfer  is  mainly  through  FDI,  and  external  technology  transfer  happens  in  many ways, such as the sale of technology, licensing transactions, and technical assistance.

 

1.2.2.1 FDI

FDI refers to the direct capital investment in factories and mines of a country or a region of the production output by another country or region for the direct management of the factories and mines. FDI is made in four major forms. First, it 
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holds wholly owned enterprises, of the capital that is generally entirely owned by investors of a country or region, foreign investment shares 100 percent; second, foreign ownership buys the stock and achieves a certain proportion of some or all of their control; third, investment and joint venture organized in the host country; fourth, investors reinvest their profi ts. As the technology is the premise of FDI of transnational corporations, the FDI in general combines technology transfer; in fact the FDI has become a major technology transfer method.

 

1.2.2.2  Sale of Technology

Th  e sale of technology refers to the technology that multinational corporations sell as a separate production technology. Th  is happens when the technology in the local market has no value, or the corporation is not prepared to reuse the technol-ogy in the future, and the technology is likely to become obsolete if it does not capi-talize on the technology. To obtain the profi ts as soon as possible, transnational corporations will sell this technology in the market. Selling directly is profi table to both sides.

 

1.2.2.3 License Transaction

License transaction refers to sale by transnational corporations of patented technology, know-how, the right to use trademarks, product manufacturing, and marketing rights to other overseas subsidiaries or enterprises by signing the license contract and allowing the other party to use it. License transaction is the most common way for transnational companies to engage in technology transfer. License transac-tion can get the technology owned by others quickly, win time and save cost. It also helps to speed up the introduction of updated technology and improve the  country’s industrial structure.

 

1.2.2.4  Coproduction and Cooperative Research

Coproduction refers to the agreement between transnational corporations and host countries or regional enterprises, by which they produce jointly and come up with a reasonable division of labor in accordance with the production and management strengths. Coproduction technology can be provided by the transnational compa-nies or they can research and design jointly. In this way, the technology transfer can take many concrete but fl exible forms to ensure that the interests of both sides are realized.

Cooperative research happens when the two sides engage in design and research 

together and complete a certain project making use of the advantages of the host country or regional enterprise. In this period, the two sides can relate to each other’s experience and technology. Th  e two sides share the fruits of cooperative research and hold the patent right and copyright together.
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1.2.2.5 Technology Assistance

Th  is is a movement based on the complexity of the technology and the ability of the demand side. It is a more fl exible way of technology transfer. In this way, the obstacles raised by the technology transfer can be conquered and the right to use the technology can be ensured for the recipient. Usually, technology assistance includes personnel training, technical advisory services, management consulting services, and marketing and business services.

 

1.2.2.6 Turnkey

A turnkey project is a visual comparison of technology transfer carried out by a whole set of engineering contracts. Technology acceptors are committed to the supplier for the contracted project, such as factory or plant. Technology suppliers are in charge of all the technology and project management of the project, from the design to the equipment and its installation until the test drive qualifi es. Ultimately, they hand over the plant or factory, ready to start work at any time. As a result, it is actually a comprehensive international economic cooperation.

 

1.2.3 Infl uencing Factors of Technology Transfer

1.2.3.1  Law and Policy Factors

Technology is a kind of knowledge product; it needs to be protected by the legal system, particularly in the fi eld of intellectual property rights. Th  e degree of protec-tion for intellectual property rights varies in diff erent countries in the cross-border business  environment.  In  some  countries,  a  large  number  of  counterfeit  products infringe the international technology transfer and reduce the profi t of export. Many companies in these countries can rarely get rid of the infringement problem; the pro-tection of intellectual property rights of technology transfer in the host country or region is an important factor. In China, for example, there is a large gap in the level of protection of intellectual property rights between the market economy developed countries and China; on the whole, people’s awareness of intellectual property rights are weak in China. Statistics shows that chemical and pharmaceutical industrial imi-tation rate is as high as 97 percent; intellectual property disputes occur frequently.

Th  e policy system plays a decisive role in the eff ectiveness of technology transfer. It is diffi  cult for technology transfer to succeed in a country or region, where there are frequent government interventions and many restrictions on foreign-funded enterprises. Policies of technology-importing countries or regions will have a direct impact on technology transfer in scientifi c and technical content and quality. For example, in the past the Chinese auto industry’s policy was too strict for foreign enterprises to invest; many transnational companies shied away from investing. As a result, the introduction of China’s fi rst foreign car, Santana, monopolized the Chinese market. Th  is imported car, the Volkswagen Santana, represented the 
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technology of the 1970s. When placed in China, Volkswagen had condemned it. Since then, Santana was upgraded four times in Germany and in fact the life cycle of every generation of products is only four years. But the Santana in China is almost the same as the original 20 years ago! Santana is one of the examples of the condition that each upgrade should be approved by the local government.

 

1.2.3.2 Market Factors

Market factors are the fundamental factors of technology transfer. Th e eff ect of market competition and market size on technology transfer is particularly obvious. If the opening level of the home country or region is low, only a small number of transnational companies operating a monopoly in an industry, will be able to maintain the technical advantage of their monopoly status to gain more profi ts. So the industry slows down the speed of technical progress and hampers the technical development.

Taking the automotive industry as an example, in the past, because of China’s 

auto import barriers and the market access restrictions, in the Chinese market Santana encountered a rival only in Peugeot. And soon after the latter’s withdrawal from China, the lack of market competition seriously slowed the upgrading of the Santana. Th  is is another reason a number of world-class automotive companies entered the Chinese market with China’s reform, opening-up, and in-depth expansion, resulting in a fundamental change in competition. Competition among companies is the essence of technical strength. To gain a foothold in the market, enterprises have to update technology to speed up the pace of technology transfer.

Th  e size of the market determines the scale of production. If the market capacity 

is large, economy grows steadily, and residents’ purchasing power is strong in a coun-try or a region, the growing space of technology-importing countries or regions will be great. Accordingly, these areas’ attraction of investment and technology transfer will be stronger.

 

1.2.3.3 Technology Basis

A nation or region’s technology basis is important for technology transfer. Th e availability of human resources, the knowledge level, the development of productive forces, and the technology level will have a real impact on the transfer. Th e coun-tries and regions with a great technology base and high skill levels will be capable of exporting technology. Th  e conditions of technology-importing countries or regions restrict their ability to accept new technologies. If other conditions remain con-stant, the country with high-performance technology and good technical basis is more likely to promote the country’s technology transfer. Taking Motorola enter-ing the Chinese market as an example, its fi rst arrival in the Chinese market did not bring in the most advanced technology, which is one of the reasons why China’s technical knowledge base is still weak. With the development in the economy and 18 䡲 Theory of Science and Technology Transfer and Applications 

 

the enhanced technology capabilities, Motorola increased its investment in China and set up 18 R&D centers. Th  e advanced technology moved to China gradually.

 

1.2.3.4 Infrastructure Status

Infrastructure includes transportation, canals, ports, bridges, telecommunications, electricity, water and urban water supply and drainage, gas, electricity, and other facili-ties. Th  ese are substantial engineering facilities to provide public service for production and the residents. It is the common material base for production, management, work and life, and guarantees that the main facilities in a city operate normally. Moreover, it is not only an important condition for material production, but also an important condition for reproduction of labor. As the exporter or recipient of technology, the infrastructure construction must be taken into consideration in the implementation of technology transfer.

 

1.3  Main Features of Technology Transfer

1.3.1  Characteristics of Contemporary 

International Technology Transfer

With the vigorous development of the new technology revolution and with world economic globalization deepening, international technology transfer develops rapidly in a variety of diff erent forms. Economically backward countries are trying to develop their own economy through technology transfer. With the rapid advancement in technology transfer today, developed countries do not dare to ignore the transfer to maintain their leading position. Th  e contemporary international technology transfer has shown the following characteristics.

 

1.3.1.1   Structure Upgrade of International 

Transfer Technology

With the fi erce competition in technology and talents, the structure of interna-tional investment and technology transfer upgrade have steadied, whereas the pro-portion of knowledge-intensive style and software implementation has increased. In particular, the use of license trade to transfer technology with a higher degree of monopoly is increasing. Th  is trend goes hand in hand with international direct investment.

Th  e internalization of technology transfer is a feature of international transfer. To obtain high profi ts and strengthen the monopoly and protection of technology, transnational corporations who are the major sources of international technology transfer allocate the technology resources within the company to ensure they do not lose the technology, operation, and management advantages. As the control of 
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technology strengthens, the mobility of capital and the global operation of trans-national corporations increase. Direct investment has, therefore, become an impor-tant means of technology transfer.

Technology can fl ow independently, detached from FDI. Th  is is refl ected in the 

payment for the relevant intellectual property rights and professional services and the development of the relationship of nonsubsidiary strategic partners’ alliance. Th  e National and foreign companies conclude a direct technology transfer agree-ment. Among the peer transnational companies in operation with the capability and resource of technology, the technology strategic alliance, which aims to exploit new techniques, controls the new international standards and maintains the mar-ket competitiveness, came into being. It is also being developed as a new way for technology transfer.

 

1.3.1.2   Multipolarization of International 

Technology Transfer Supply

Technology innovation is a source of technology transfer. Th  e continuous inven-tion of modern science and technology and the shortened life cycle of new prod-ucts and new technology help promote the transfer of technology. From the 1970s, an international network of technology innovation came into being. It continues to  play  an  increasingly  important  role  in  technology  revolution  and  innovations worldwide to multipolarize the technical supply of technology transfer. Th ere are many manifestations of technology supply. From the point of view of form, it is common for transnational companies to achieve international technology transfer through strengthening international M&A (Mergers and Acquisitions). Some transnational companies set up overseas research and development institutions and take advantage of the host country’s human resources, technology, facilities, edu-cation, research, and other resources, and develop suitable techniques for the host country in the economic development and trade-related development needs. Since the 1990s, the Asia-Pacifi c region has gradually become the emerging market in international technology transfer. Th e Asia-Pacifi c region’s economic growth rate is higher than the rest of the world; international trade and investment activity fl ourish here. Th  is becomes the important basis in the development and upgrade of FDI, trade and high-tech products, technology trade, and other transfer activities. In addition to passively acquiring direct investment from developed countries for new techniques, some newly industrialized countries take the initiative to invest in developed countries to get the necessary new techniques.

 

1.3.1.3   Development of Technology Transfer 

from Monodirection to Bidirection

In general, technology transfer has been a one-way transfer from developed countries to less developed countries, advanced regions to laggard regions, central departments 20 䡲 Theory of Science and Technology Transfer and Applications 

 

to the external sectors, all of these showing the gradient. Th  is gradient technol-ogy transfer not only considers the relative distance of the location, but also consid-ers the economic and cultural diff erences and the natural environment. Th erefore, developed countries have long been exporters of technology products, and devel-oping countries the importers. Th  is has formed a basic pattern with technology trade among the developed countries occupying the absolute position in interna-tional technology transfer. With the multipolarization of the International Center for technology innovation and the diversifi cation of technology transfer supply, the fl ow of international technology transfer between the countries or regions or industries shows bidirection. On one hand, bidirection technology transfer among developed countries involves investment, technology trade, exchange, and technical cooperation; on the other hand, mutual technology transfer develops step by step between developed and developing countries. Bidirection transfer, complementary advantages, and storage with each other have become an inevitable trend in today’s world technology transfer.

 

1.3.1.4   Transfer Technology, an Important Dynamic 

Move to Promote Economic Development

Along with the launch of the international technology transfer, the pace of tech-nical progress accelerates even as labor productivity rises in many countries or regions’. Technical progress promotes industrial division of labor, which helps a number of industries improve their productivity and enhance their competitive-ness. Consequently, it might change a country’s comparative advantage and change the pattern of international competition. Technology transfer will cause changes in industrial structure and aff ect the industrial structure in both production and demand, either directly or indirectly. On the producers’ side, the new technique created by the transfer will not only create new products and new industry, but also improve the labor productivity and fi nancial profi tability in existing industries. In the meantime, some backward, unprofi table productions or industries may die out. On the demand side, new production levels and living needs will be created con-tinuously so as to meet the needs of these new industries; some out-of-date produc-tion and living needs will become extinct and the corresponding industries will be eliminated. At present, high-tech products have become the world’s leading force in the development of trade. Modern technology trade, which deals with high-tech products as the object of expansion; international trade in technology service takes technology services and information transfer as content and develops fast. All the above shows that the functions of technology transfer to promote economic devel-opment have become increasingly signifi cant.

In addition, international technology transfer also shows other new trends, such as the faster growth of transfer, expanding scale, broadening area, and gradient transfer. Transnational companies have become the main force of international technology transfer using their huge fi nancial resources and strong technical force. 
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Internationalization of science and technology is common. International coopera-tion and technology exchanges strengthen and the protection of international tech-nology transfer is enhanced. Governments’ intervention in technology transfer is greater in degree than the general commodity trade.

 

1.3.2  Features of Technology Transfer 

in China in Different Periods

Th  e compartmentalization of technology transfer development in China is varied in the academic fi eld. Rongping Kang (1994) argued that, from the foundation of China, the history of the import of technology can be divided into three periods: the “Soviet Union mode” period (1950–1979), the transition period (1980–1989), and the new period (1990–). Jianguo Li (1997) partitioned it into three periods, the fi rst period mainly imitation of the Soviet Union’s mode, the second from the reform to the present, and the third from the present to the future. Linhai Wu and Huagui Zhu also divided the process into three steps, with the fi rst period 1950–1978, second 1978–1991, third from 1992 to the new market-oriented economy.

From the available papers and materials, it is clear that researchers basically 

agree on these three periods theory. It is necessary to consider both the national and international circumstances in a specifi c period to compartmentalize a nation’s development of technology transfer. On the basis of this consideration, this book divides it into four periods.

 

1.3.2.1  Period of Imitation (1949–1959)

In this period, advanced technology was mainly imported from the Soviet Union and other socialist countries in east Europe. International technology transfer dominated this period; later the imported techniques were promoted in China and modifi ed to suit the practical domestic situation. During the fi rst  fi ve  year plan, around the beginning of the foundation of PRC (People’s Republic of China), China’s industries were in a mess and had no advanced techniques. Th erefore, China imported massive equipments and the corresponding techniques to pave the road for the industrialization of the new China. Based on the statistics from the national project department, between 1950 and 1959 China signed for over 700 projects, 450 of which were imported and cost 3.7 billion dollars in total, which is roughly about 50 percent. During the fi rst fi ve year plan (1952–1957) 156 techniques were imported, which were also the keys projects in the process of industrialization of China such as coal, electric power, oil, metallurgy, chemical engineering, electric machine, aviation, automobile, light industry, textile, and military industry. With the import of those techniques, the pace of China’s industrialization was hastened signifi cantly; every section achieved its own magnifi cent and expected goals, and the gross industrial output value increased by 18 percent.
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Th  e features of this period are:

First, the techniques were only from the Soviet Union and some east European 

socialist countries.

Second, the object of the technology transportation was to help China build its 

own heavy industrial systems.

Th  ird, the transportation was confi ned to buying the equipments and techniques 

as a complete set, and merely copying the industrial systems and standards in countries like the Soviet Union.

Fourth, the main body of the transportation was confi ned to the country.

Fifth, the transportation of technique was combined with the cultivation of talents 

in techniques and economic management.

 

1.3.2.2  The Fumbling Period (1959–1978)

In the late 1950s, due to the tension between China and the Soviet Union, the import of techniques from those countries became stagnant; the sequential three year long natural disaster brought China’s economy to a very critical state. During this period the self dependence policy basically dominated, and the resistance to imported tech-niques increased signifi cantly. Especially during the three-line construction period, an avalanche of new techniques and talents moved to the middle-east, promoting the diff usion of technique in the middle-east part of China. During the late 1960s and early 1970s, China gradually established diplomatic relations with European capitalist countries and Japan, and the technology transfer was carried out in nongovernmental individual exchanges, and many key techniques and equipments related to oil, chemi-cal engineering, chemical fi ber, metallurgy, mining, electronic, nicety apparatus, and textile mechanism were imported from France, Britain, and Japan and the import structure emphasized the importance of the light industry. As the Sino-US relation-ship began to thaw and the negotiation started, the technique exchange between China and the United States was given a boost.

Th  e features of this period were:

First, the circumstances were very complicated, and the zigzag road of technique 

development, as well as the impact of the culture revolution, slowed the devel-opment. Th  e understanding of the technique imported and international trade stayed at the entry level.

Second, technology transfer shifted from the domestic to the international only 

gradually, and China began to provide technique-aid to some Asian and African countries.

Th  ird, with the development of technology transfer globally, China changed 

its technique mode from the earlier one of entire equipment import to the present one of key equipment import only, and began to enlarge the technique import channel by technique admission and technology service.
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Fourth, the purpose of technique import was not only for building the heavy 

industry systems and producing homemade products by referring to previous 

industrial systems and standards (basically from Soviet Union), but also for 

enhancing the light industry.

Fifth, the main body of technology transfer was not confi ned to nations; the 

technology exchange among individuals was also enhanced.

 

1.3.2.3  Stage of Internalization of Development (1978–1992)

In the late 1970s, two important events had a signifi cant impact on technology transfer in China—the establishment of diplomatic relations between China and the United States and China’s economic reform and the opening-up of its economy. In more than a decade from the late 1970s to early 1990s, China imported critical economic construction, chemical, mechanical and electrical, and other aspects of the production from many other countries. Th  is played a great role in promot-ing China’s economic take-off . During this period, China’s academic community started research based on international technology transfer, and technology trans-fer turned from international to domestic technology transfer issues. Th  e access to a number of theoretical achievements helped to guide the practice of technology transfer at various levels. Th  e Chinese government strengthened the development of combination. Th  ey believed that technology transfer must combine with indepen-dent innovation and international technology transfer must combine with domestic technology transfer. Th  ey used the gradient theory of technology transfer theory, and developed science and technology in China in a phased and conditioned man-ner, and diff used mature technology in domestic regions. All these actions eff ec-tively made the natural potential energy brought in by technology transfer into dynamic movement for economic development for the realization of the “three-step” strategy. At the same time, Chinese technology transfer policies and regula-tions improved gradually, and the technology market development standardized gradually. In October of 1980, the State Council promulgated the “Regulations on the development and protection of the Provisional Regulations of the socialist competition.” For the fi rst time transfer of technology was clearly defi ned. In 1980, State Science and Technology, the annual national work conference on science and technology drafted a report “on China Development of science and technology pol-icy report on the outline.” In 1983, the State Science and Technology Commission issued “to strengthen technology transfer and technical services,” which marks the beginning of the technology transfer market.

Th  e external infl uences of the political storm in 1989, as well as China’s own 

economic restructuring caused a low ebb in the introduction of technology again; the developed countries blockaded China’s economic technology, so China had to rely on independent innovation and technology transfer to develop domestic high-tech. As a result of this blockade, the computer, telecommunications, and home appliance industry in China got a period of respite for digesting the introduced 24 䡲 Theory of Science and Technology Transfer and Applications 

 

excess techniques and for innovation. Lenovo, Changhong, Skyworth, and a large number of domestic enterprises were strengthened.

Th  e features of this stage of the technology transfer include:

First, the theoretical research in technology transfer was strengthened. Th e transition 

from the importance of international technology transfer to research on domestic technology transfer issues was done. Th  e theory began to bear results.

Second, the scale of companies and enterprises, which introduced technology 

help to expand them further, to develop from the formal instruction opera-tion to the guidance operation and commission. Th  e examining and approv-ing authority of technology import project loosened its hold. Th  e degree of autonomy improved by the introduction of technology.

Th  ird, the manner of introduction was more fl exible; the introduction of single 

set or key equipment in the past was fundamentally changed and replaced by  more  typical  methods,  such  as  technology  licensing,  technical  services, technical advice, coproduction, compensation trade, equipment leasing, joint ventures, franchising, and complete sets of equipment and the introduction of key equipment, and so on. It expanded the channels for technology.

Fourth, technology tended to diversify sources of funding, government loans, 

special foreign exchange, domestic commercial loans, and loans from interna-tional fi nancial institutions, foreign exporters of technology export credits, and local self-funded enterprises played a more important role in this.

Fifth, many enterprises have increased their own R&D eff orts to improve the 

effi  cient use of technology.

 

1.3.2.4  Opening-Round Stage (1992–)

In 1992, China’s reform of the economy system met another watershed, the Communist Party of China 14th National Congress put forward the goal of a socialist market and economic system, and China’s economic system once again achieved a breakthrough. At the same time, the international situation has been improving, and international economic and technical exchanges redeveloped. Th eorists began a multilevel, multiangle study of domestic and international technology transfer. Technology transfer policy and the building of the legal and eco-nomic environment for it continue to push forward. China’s technology import has a heightened degree of openness more than ever before; the arrangements for technology transfer are increasingly rich, and the situation is even more diverse. On one hand, advanced science and the techniques introduced from the international community are digested and absorbed in proper areas; on the other hand, domestic scientists and technicians are encouraged to develop advanced technology and help industrialization and transfer and diff use it to other parts of the country or abroad. Th  is force of domestic technology is in a low state. Th  rough the output of technology to foreign countries, the corresponding profi ts can be increased.
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Th  is stage of technology transfer is characterized by:

First, technology transfer theory has become more sophisticated, and actively 

guides the practice of technology transfer.

Second, technology transfer expands the scale of activities and brings about the 

development of Chinese-led multinational companies.

Th ird, enterprises have become the main body of technology transfer, and 

research and development activities are initiated in theory and practice.

Fourth, domestic capital market perfects itself increasingly, which provides 

abundant sources of funding.

Fifth, in China, the enterprises which are determined to compete in the interna-

tional market are facing new challenges and opportunities. For example, Haier, 

Lenovo, Huawei, TCL, and many other enterprises have increased their own 

R&D eff orts and have begun to use the rules of the market for technology 

mergers and capital acquisitions, in-kind M&A, and to accelerate the growth 

of the business scale and to start to export the technology.




Chapter 2

 

Technology Transfer 

 

and Its Mechanism, 

 

Characteristics, 

 

Effects, and Models

 

Technology transfer obeys the economic law, which is its underlying mechanism, to some extent, rather than the disorder and irregularity of free movement. In this chapter, we study the mechanism of technology transfer in terms of its direction, dynamics, vectors, and other aspects, analyze its characteristics, and consider the space division model, ultimately revealing the law of technology transfer.

 

2.1  Mechanism of Technology Transfer

Technology transfer refers to the horizontal transfer of technical elements and the regional implication prompted by the uneven distribution of technology resources, technology potential diff erence, and other factors. Its essence is the reconfi guration of  some  useful  technical  elements  to  suit  diff erent demands. Such a transfer is not a disorderly and irregular movement; it obeys some economic law, as shown in Figure 2.1, revealing the inherent mechanism of technology transfer.
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Figure 2.1  The schematic diagram for the mechanism of technology transfer. A, technical level; B, economic energy; C, benefi t return; D, policy environment; E,  living  environment;  F,  investment  environment;  1,  information;  2,  capital; 3, management; 4, material resources; 5, talent; L, low; H, high.

 

2.1.1  Local Potential Difference Determines 

the Direction of Technology Transfer

Owing to the uneven distribution of technology resources and the diff erence in the structure, scale, and level of long-term development, diff erent regions show consid-erable diff erences in their stock of material resources, human resources, information resources, management resources, and other technical elements. Th  is leads to “tech-nology potential diff erence” in diff erent areas and industries. Technology potential diff erence being a vector with directivity, technology transfer also has directivity, as technical elements only fl ow from regions at a higher technical level to one at a lower level (or from a region abundant in technical elements to a defi cient region).

Technology is always easy to transfer between regions at almost the same technical levels. Th  e greater the diff erence between the two regions at the technical level, the greater the resistance there will be to the transfer, and the lesser the possibility that the diff erent technology will combine with the new productivity. Th erefore, technology transfer and technical level have a nonlinear relationship.

 

2.1.2  Determination of Feature in Technology 

Transfer Elements by Margin of Interest

Laborers combine the means of labor with the subject of labor in the process of working, making the factors of matter “live,” generating the energy, which can transform natural substances, to produce materials and realize productivity. Th ere can be no productivity if there is only “matter” and no labor. So, the use of technical 
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elements, whatever their properties and forms, is dominated and determined by the labor of human beings. Clearly humans control the transfer of technical elements directly or indirectly.

With the ongoing development of market economy, awareness of the economy 

is growing stronger. “Input–output benefi t” has been the guideline in the transfer of technical elements. When all the conditions that infl uence technology transfer are the same, technical elements will fl ow to regions which have higher output benefi t.  Th  e more the margin of interest, the more the capacity (or amount) of technical elements transferred. Th  e margin of interest has been the driving force of technology transfer.

From the point of view of marginal cost and benefi t, if the marginal benefi t 

is more than the marginal cost, the profi ts  of  technology  transfer  will  increase continuously, whereas if the technology transfer’s marginal benefi t is equal to the marginal cost, then the profi ts of technology transfer reach a maximum.

 

2.1.3  Technology Elements Are the Carriers 

of Technology Transfer

Technology transfer is the process where technical elements in some region fl ow to another region, to combine rationally with the productivity factors in the other region and improve technology and productivity. Material resources, human resources, information management, and other factors constitute technology transfer; they are the carriers of technology. In addition, the concrete form of technology in the process of the transfer refl ects the properties of the technology transferred.

Th ese technical elements form dynamical networks, transmit the technical 

ability, and serve as an arterial system for technology by means of cooperation (interregional trade, interregional coordination, interregional investment, etc.), and operation (scatter, concentration, insert, etc.), crossing the barrier of space and the boundaries of industry.

 

2.1.4  Principle of Energy Increase in Technology Transfer

On one hand, technical elements fl ow from a region at a higher technical level to a region at a lower level, leading to increase in productivity in the latter region and resulting in an increase in the technical elements transferred. On the other hand the technical elements are always attached to some concrete matter (talent, machine, etc.) in the transfer. Th  e impact of the worker’s processing and reprocessing will often change the chemical nature and effi  ciency quality of the output. Besides, the out-fl ow of the technical elements (for example, material resources, information, etc.) will not lead to a lower output in the resource region but only increase the output in the receiving region. Th  erefore, technology transfer, rather than complying with the 30 䡲 Theory of Science and Technology Transfer and Applications 
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Figure 2.2  The principle of energy increase in technology transfer.

“law of conservation of energy” will actually increase the value of the community and promote social development, as shown in Figure 2.2.

In this fi gure, the axes O , O , and O represent the quantity of technical A B C transfer, axes A, B, and C represent the yield as a result of the technology transfer that happened in the three regions, D , D , and D represent the demand curves A B C for certain types of technology, and S , S represent the supply curves (short-term 1 2 supply is a vertical line due to the scarcity or short supply of technology). Aff ected by the diff erence in yields between A and B (W A < W B), when the technology fl ow is from region A to region B, the technical elements are reduced in region A and techni-cal supply is reduced from the initial N to N , which reduces the region’s output 1 2 Q , indicated by the area N TPN . As for region B, with the supply of technology 1 1 2

increasing from N2 to N1, the eff ective size of technology increases leading to an increase in its output Q indicated by the area N QPN . 2 1 2

It is clear from Figure 2.2 that technology transfer increased the social total output to Q indicated by the area TQP, and that Q   Q   Q 3 3 = 2 − . By the same token, 1 aff ected by the diff erence in yield between B and C (W’B < W C), when the tech-nology fl ow is from region B to region C, the technology is reduced in region B, technical supply is reduced from the initial N to N , which also reduces its output 2 3 to Q indicated by the area N UVN . For region C, the infl ow of the technology 4 2 3 increases from N3 to N2, and leads to an increase in its output Q5 indicated by the area N RVN . Th  e social total output increases to Q indicated by the area URV, 2 3 6 and Q6 = Q 5 − Q It is a one-way loss of technology for region A, which does not 4.

receive compensation; therefore, technology transfer has had a negative social eff ect on region A. It is a one-way fl ow of technology for region C; therefore, technol-ogy transfer has had a positive social eff ect in absorbing technology and increasing profi t. For region B, there has been a two-way transfer of technology, both in and out. When N   N         , Q 1 − N 2 > 2 − N   Q implying that the loss of technology has been 3 2 > 4 compensated in time with output increasing and hence technology transfer has had a positive social eff ect. On the other hand, when N   N   N            Q , imply-1 − 2 < N 2 − , Q 3 2 < 4 ing that the loss of technology has not been adequately compensated with output 
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reducing and hence technology transfer has had a negative social eff ect. From the perspective of society as a whole, technology transfer increases the total output by Q 3 + Q6. Th  is shows that technology transfer helps optimize the allocation of pro-duction factors, promotes the restructuring of the productive forces, promotes the rationalization of the economic structure, and aff ects the all-round development of socially productive forces.

 

2.1.5  Technology Transfer Has a Two-Way Network Trend

As countries around the world continue to open up by trading across borders and regions, the two-way transfer and cross-growth of technology have been enhanced. In diff erent time periods, technical levels are diff erent between any two regions. In the same period, not only do two regions with diff erent industries have diff erent levels of productivity, but the same interindustry productivity levels also vary. As a result, technology, rather than always fl owing from one area to another, forms a dynamic two-way transfer at diff erent times both with diff erent industries and industries with diff erent factors of production in the same area, as shown in Figure 2.3.

Western Europe in the 1950s and Japan in the 1960s relied mainly on the 

United States for transfer of technology. After the 1970s, however, the transfer of technology was from Western Europe and Japan to the United States. At present there is cross-transfer of technology between these countries and it is diffi  cult to quantify the fl ow clearly. In China, advanced technology in the developed eastern coastal areas fl ow to the West; the production rich resources of the West continue to fl ow to the East, forming a two-way transfer.

Owing to a variety of factors, conditions, and constraints, technology transfer 

is a complex multifactor process. When a combination of factors that infl uence the transfer is greater in a particular region than in other regions, the technology will 
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Figure 2.3  Two-way transfer of technology. A, industry; B, region 1; C, region 2; D, production elements. Note: The oval map stands for the region, the fl owchart for the industry, the star for production elements, and the arrow for the direction of transfer.
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Local economy Economic region

 

Figure 2.4  The network structure diagram of technology transfer.

 

fl ow to this region. In the whole network, any economic region can be one of the main suppliers of technology or may be in need of technology; a region can be an infl uential member in some areas or a dependent region. Th  e relationships of technology transfer form a dynamic network structure, as shown in Figure 2.4.

 

2.1.6  Technology Transfer Shows a Positive 

Link to Technology Level

Technology transfer has always been infl uenced by the level of technology, from the era of transfer of paper-making and other handicrafts to modern electronic technology transfer as shown in Table 2.1. Th  e table shows that, with the development in the level of technology, the higher the level of technology, the shorter the technology transfer and the faster the speed.

 

2.1.7  Technology Transfer Is Infl uenced 

and Constrained by Many Factors

Jinglian Wu in “creating Chinese own silicon valley” points out that “the high-tech industry development speed of a nation or region is not determined by how much money the government pours into, the number of motivated people, the number of technology developed but whether it has a set of institutional arrangements, the social environment and cultural atmosphere that are conducive to innovation activities and give full play to the human potential.”

According to the theory of Maslow’s hierarchy of needs, from an analysis of the impact of technology transfer elements, it is clear that technology transfer is mainly infl uenced and constrained by the introductory systems and incentive policies, security, civilization and honesty, transportation and geographical condi-tions, the living environment, culture similarity and linguistic affi  nity, and other 
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factors. Th  ey are interrelated, interdependent and overlap each other, and arranged in ascending levels of importance from the lowest level to the highest level as shown in Figure 2.5.

Among all the needs, economic interest is the most basic need and the driving 

force behind technology transfer elements. When preferential policies with regard to technical elements are introduced and a reasonable distribution mechanism is in place in a region, the technical elements will provide a good incentive and reward in this region, and will create an ideal agglomeration eff ect and will also attract elements of the technology present in the region.

Politeness and honesty are the premise of investment and the guarantee 

for economic development; without these lawbreakers cannot be controlled. Consequently, these provide protection for productivity transfer.

Transportation and geographical elements are other important factors in the 

transfer of technology elements. Th  e inconvenience in transport systems and geographical barriers would increase the cost of production, thus aff ecting the effi  ciency of investment. With the improved transportation conditions in China, 
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Figure 2.5  Technology transfer factors diagram. A, the needs of self-development B, the needs of living environment; C, the needs of geographic traffi c; D, the needs of safe and civilization; E, the needs of economic benefi t; 1, the play, development, use of potential; 2, superior environment, comfortable and pleas-ant; 3, convenient traffi c, superior geography; 4, safe and civilization, honesty; 5, with suffi cient interest; L-H, low and high; H-L, high and low; a, the density of need; b, the level of need.
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the time for transfer has been shortened, reducing the negative impact on the technical elements transfer gradually.

With the development of society and technology, people’s demands for a better living environment also increase. Living conditions, facilities, scientifi c and edu-cational atmosphere, linguistic affi  nity, and other factors also aff ect the fl ow  of technical elements.

Once the above requirements are met, the elements of technology transfer will move toward a higher level of development, that is to meet the needs of self-realization—the realization of the technical elements of innovation, to achieve technological progress faster.

 

2.2  Technology Transfer Properties

Technology’s unique features are productivity and transfer. Th  e main features of technology transfer are direction, stage, level of diffi  culty,  “space  division,”  and concentration in the region.

 

2.2.1  Direction in Transfer

It is generally believed that technology fl ows from a relatively affl  uent region to a region of relative scarcity, the direction being directly dependent on price diff er-ences. However, the transfer of technical elements can be eff ected only in relation to other factors. So the technology may not fl ow to the region with the highest price. Th  e future price expectations of some elements and noneconomic factors (such as political, military, cultural, and natural, etc.) also aff ect the transfer of technology.

In addition, the features of the technical elements themselves also aff ect their transfer. For example, technical personnel can be transferred in the international community. However, because of language barriers, cultural diff erences, and habits as well as government policy restrictions, the transfer is relatively weak although the trend continues to increase. As for the technical elements, the direction of transfer is fi xed, namely from technologically advanced countries (or advanced regions) to tech-nologically backward countries (or backward regions). Technology transfer is often closely related to the change in the trade structure of products and their life cycles.

 

2.2.2  Stages in Transfer

Technology transfer in general has to go through three stages: the infl ux stage, the establishment of its status in the receiving region, and the receiving region gaining an advantage from the infl ow. In the fi rst phase, there is technical outfl ow from one side to the infl ow side. Th  is involves the transfer of the technology elements, and is purely transfer in this stage. In the second phase, the infl ow side uses the technology transfer elements in combination with their productivity elements to 
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create a competitive technology. In the third stage, technology transfer elements of the transferees substantially increase, and they even begin to transfer technology out, leading to the development of new technology to achieve a comprehensive upgrading of technology. Only in the third stage, does the technology that has been developed really replace the technology from the transferors. Related technology, management experience, and market channels have also been used to complete the technology upgrade. At this point of time, the fi rst outfl ow of technology may have compressed or eliminated the technology in this region, replacing it with the new technology with higher technological content.

 

2.2.3 Diffi culties in Transfer

Th  e  transfer  of  technology  varies  in  diff erent industries and regions. Th e diff er-ences are refl ected mainly in two aspects—one being the elastic degree of technical control, the other being the sources which are suitable for the productions factors of technology.

In general, the barrier to technology transfer is not high enough. When there 

is a very slight marginal diff erence in the technology of two sides, the competition they face is in their relative complete market structure and the demand for the outfl ow  of  technology  is  weak  when  the  technical  factors  of  production  such  as semifi nished materials and knowledge of the environment also match. It will therefore be easier for the transferors to complete the transfer of technology. However, for the technology transfer the two sides are likely to face competition in the market struc-ture and monopoly, and the outfl ow is to avoid leakage of technology and strictly control the transfer and proliferation of technology.

On the other hand, if the requirements for semifi nished materials and knowl-

edge and environmental factors of production are higher, the technical infl ow side will have to do a lot of work to develop its own industry and human resources in combination with the technology transfer elements. So, the transfer of technology in this case becomes relatively diffi  cult. Th  e backward region or the technological upgrading of enterprises shows a trend of diminishing marginals. At fi rst,  the technology upgrade is easier, but, with the technology gap between the two sides becoming narrower, the diffi  culties of technical upgrading are expected to increase.

 

2.2.4  “Space Division” in Transfer

Space division is the term used when one technology is split into many parts and separately transferred to diff erent geographic or business regions. For instance, the technical personnel are always divided by their area of work. Th  e whole produc-tion chain, namely R&D, design, training, motherboard production, system pro-duction, terminal processing, testing, quality control, etc., is divided on the basis of this technical decomposition; each enterprise only focuses on their own core strengths and advanced resources involved in the technical production chain.
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For the main transferors, the meaning of production is limited not only to the manufacturing process, but also to the broad value-added process. In manufac-turing, this value-added process includes R&D, manufacturing, sales, after-sales service, and the various segments. To maintain a competitive advantage, transferors not only rely on the complete possession of some techniques, but also look for a comprehensive, comparative, and cooperative advantage, making every eff ort to participate in and seize the high-tech and high value-added segments, transferring the low-skilled and low value-added link out. At the same time, the development of modern technology makes the development process of high-tech products huge and complex; their requirements for capital, technology, human resources, and manage-ment are also getting higher. In the face of such pressure, the transferors must con-centrate on developing the core business to reduce their operating costs and risks so that there will be no competition in production.

 

2.2.5  Regional Agglomeration of Transfer

People in diff erent regions or enterprises gradually understand how to move from comparative advantage to competitive advantage in the process of searching for technology transfer (including the infl ow and outfl ow). Comparative advantage is the static advantage that is determined by party resource endowment and transac-tion conditions. Competitive advantage is derived from the factors of production, demand, technical supports, and the “aggregated” eff ect of the resulting forma-tion. Business strategies, government policies, and other “software” factors, provide dynamic advantages. Th  e objective location of each region decides that the trans-ferred technology (including the infl ow and outfl ow) has certain characteristics of the region, and shows a concentration of related industries. Th  e industry concentra-tion, in turn, generates external economies on a scale that will help to improve the competitiveness of the technology to gain a competitive advantage.

 

2.3  Effects of Technology Transfer

With the globalization of the world economy, technology transfer has become unavoidable. Technology transfer helps to promote optimal distribution of technical resources and provides a strong guarantee for further all-round coordinated devel-opment of the national economy and the world’s socioeconomic development.

 

2.3.1 Associated Effect

Th  e theory of dissipative structures and coordination opines that the exchange between system and environment will cause changes in the value of entropy in the system. If the entropy of the output and negative entropy of the input are together more than the sum of the entropy of the input and the entropy generated by the 
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system, the total entropy of the system will reduce and the system will evolve from a low to a high sequence. When the reverse is true, the system will evolve from a high to a low sequence.

A technical system is an open self-organizing system in that both technology 

transfer and growth constitute the cause and eff ect and jointly promote the devel-opment of the system. In the process of transfer, the fl ow of technology can bring negative entropy to the receiver (advanced technology enables the receiver to increase production capacity and effi  ciency), and also provide a positive entropy (for example, technological backwardness leads to reduction in the production capacity of the receiver). When the infl ow technology and the technical elements in the region combine, there are two possibilities, one being the positive entropy (if the infl ow technology and the regional technology are heterogeneous, they can-not coordinate and combine with technical elements in the region and this causes a decline in the production capacity and efficiency), the other being the nega-tive entropy (the infl ow technology and the regional technology are same, they combine with the technical factors to improve capacity and effi  ciency).

Th  erefore, in the process of technology transfer, if the sum of the negative 

entropy infl ow and negative entropy generated in the system are more than that of the positive entropy infl ow and positive entropy generated in the system, the technical levels of reception will improve, otherwise they will decline.

As  shown  in  Figure  2.6, X stands for the amount of technology transfer, Y 

stands for the entropy, OA stands for the positive entropy generated by the technical infl ow, OA’ stands for the negative entropy generated by the technical infl ow, OB stands for the positive entropy generated by the combination of technology, OB’ stands for the negative entropy generated by the combination of technology. When 

y 1 ′ + y2 ′ > + y 1 y , negative entropy is more than positive entropy in the system and 2

the technological levels of reception will improve; when y 1 ′ + y2 ′ < + y 1 y , the 2 system’s positive entropy is greater than the negative entropy and the technological levels of reception will decline.
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Figure  2.6  Polarization  form  of  technology  transfer  diagram.  A,  economic system; B, general domain; C, propelling domain; D, initial polar; E, polar core; F, initial state; G, initial polarized state; H, cluster state; I, polarized state.
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2.3.2 Multiplier Effect

Th  ere is no doubt that technological progress has dramatically raised productivity and greatly promoted economic growth. In the transfer of technology, there may be diff erent routes of technology transfer such as the “transplant,” “variation,” and so on in an attempt to achieve amplifi cation in quality and quantity and hence produce the “factor’s eff ect” to achieve an expansion of its own. On one hand, the technical elements fl ow from the region at a higher technical level to the region at the lower level, whose production effi  ciency improves and input– output rate increases so that the technology output after the transfer is greater than before; on the other hand, when the technology transfer takes place, it always attaches to some concrete matter (talent, machine, etc.). By the impact of the worker’s processing and reprocessing, it will often change the chemical nature of the output and achieve a qualitative change in the output effi  ciency unlike  the  productivity  growth  realized  by  the  direct  investment  of  elements. Economists in the past referred to this as the product of “collaboration” and “compara-tive advantage” and other horizontal mechanisms of technology. Th is amplifi ca-tion resulting from the transfer of technology is widespread.

Assuming the benefi ts of some technical elements in the original resources are yi and the benefi ts of infl ows  are yi ′ , the multiplier eff ect of technical elements is shown in Equation 2.1:

 

θ = y i ′ i (2.1)  y  i

 

2.3.3 Coupling Effect

Coupling is the process that helps to achieve matching, coherent, and coordinated means; achieving coupling is the primary function of technology transfer. Any existing system of regional productivity is bound to be connected with other regions and is not isolated in production activities. Such a connection can be a simple indi-vidual communication or a complex combination of multiple communications.

Th  ere are two possible scenarios to the coupling eff ect of technology transfer. First, the purposes of a transfer are not to establish the relationship between the parties (the source of streams and stream places), but to make eff ective the com-bination or association of the technical elements of the stream places. Th e trans-fer aims to improve the original ecological technology of the stream places. For example, it provides a suitable means of production, eff ective labor, and so on, in a reasonable combination to improve production capacity and to protect the pro-duction activities. However, the production process of the two sides do not form a two-way contact and so the coupling eff ect in this case is not persistent and is likely to end after only one trading activity. Second, the transfer is critical to the regional input–output chain, the division of labor, and cooperation in the vertical or 

Technology Transfer and Its Mechanism   䡲   41

 

horizontal direction. Because the transfer forms a two-way contact, the coupling eff ect is long-term and long-lasting.

 

2.3.4 Integration Effect

Integration eff ect is the eff ect that achieves structural optimization of the internal structure through technology transfer. If the integration is the result of the divi-sion of technical activities, then the integration eff ect is the realization of portfolio optimization (consolidation) on the basis of divided labor. In a micro view, by entering the key elements of the technology (the output from the other side) and by changing the way the elements are associated, the productivity unit will improve to a great extent. From a macro point of view, the region (country) can make use of the horizontal transfer mechanism, against the background of economic division to develop and adjust its leading industries. It can continue to improve the links between industries so as to make the “forward,” “backward,” and “lateral” transfers help to form an organic whole or network. At the same time, it makes the technol-ogy fl ow in the regional cycle and the international cycle produce the relation of compensation and coordination. Th  e internal and external links are the dynamics of the industrial structure, which contains a structure portfolio with great potential so that the overall economic benefi ts increase as a result of the “integration” eff ect.

 

2.3.5 Polarization Effect

In the early stages of production, because of the abundance or lack of resources, historical and cultural factors, geographical and transportation factors, there was industrial clustering (technical clustering) in certain regions. When the degree of clustering reaches a certain level, cost-sharing of infrastructure, public services, and social management accelerates the improvement in the quality of the labor force and speeds up technological progress and innovation, bringing additional benefi ts like production advantage. Some of these developed industrial regions rely on their own advantages along with the horizontal adsorption of the surrounding region, leading to a higher concentration of production factors as is shown in Figure 2.7.

Th  e promoting regions (industries or enterprises) that developed (referred to 

as the East below) have higher productivity; their marginal rate of elements is also high, which has a strong appeal for the region of lower productivity (referred to as the West below). (1) Th  e “polarization” of the transfer fund is the result of limited fl ow of savings from the West to the East through the intermediary of the capital market; (2) the “polarization” of talent transfer is because the growth of the East is not likely to absorb the unemployed in the West, on the contrary, it has attracted technology and knowledge talent from the West; (3) the manufacturing and export sector in the West will decline because of the competition from the East. In this case, there will be the phenomenon of “the rich regions get richer, the poor regions become poorer,” and produce the so-called polarization eff ect.
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Figure 2.7  The associated effects of technology transfer.

 

2.3.6 Equilibrium Effect

Th  e transfer of interregional technology can promote common economic growth and the complementary optimization of industrial structure so as to narrow the gap between the regions. Economic prosperity in developed areas will continue to expand the demand of primary products in the West. At this time, if the supply elasticity of the primary products in the West is large enough and can meet the need of the East, the economics of the Eastern and Western districts will grow fur-ther; their growth rate depends on the conditions of trade, that is, the price index ratio of interregional exports to the imported goods. If supply elasticity of the West is lower, the demand for the product is more than the supply, leading to a rise in the price, which may promote the growth of production in the West and the improve-ment in the conditions of pay. On the other hand, the growth of goods in the East will slow down because the price of goods increases so that the gap between East and West narrows gradually. At the same time, the technology transfer between East and West can not only bring about the West-led growth but also promote the structural changes in the West. Th  e East will follow the development of the West, integrate with it, and begin to accept the division and transfer of industries in the advanced regions, merging into the circle of economic development in the East.

 

2.3.7 Spillover Effect

Sharp, Register, and Gelimisi, in their book Economics of Social Problems, defi ned the social spillover eff ect of consumption when the consumption or services of prod-ucts leads the change in the degree of satisfaction for the consumers. Technology 
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transfer will not only generate eff ects in the transfer but also generate eff ects in the other social facets such as the cooperation between companies, the spillover eff ects of personnel transfer.

Assuming one company has the advantage of a certain technology or informa-

tion, when it contacts the suppliers or customers, they may be on a “free ride” from the company’s advanced products, processes, or technical market knowledge so that the spillover eff ect takes place. Even if the company charges a fi xed fee from local suppliers or customers, it cannot gain from the technological progress brought in by local manufacturers.

Th  e transfer of human capital is one example of the spillover eff ects of technol-

ogy, absorbed by local enterprise as a result of employees’ transfer. When the human capital of region A (industry or enterprise) is transferred to region B (industry or enterprise), the technology that is mastered by the human capital in region A is natu-rally used in region B.

As market economy is competitive, technology transfer is not only the inevitable 

result of the competition, but also a refl ection of the market effi  ciency. Technology transfer has a profound impact on the economy of a country or region whether there is infl ow or outfl ow. It is important to understand the positive eff ects of tech-nology transfer and make good use of it. At the same time, it is necessary to take the negative eff ects of technology transfer into consideration in the research on the questions in technology transfer. Only then can we make good use of the positive eff ects of technology transfer, avoid its negative eff ects, and achieve a benign tech-nology transfer.

 

2.4  Model of Technology Transfer

Technology is a social artifi cial system; the transfer of the elements is not entirely spontaneous. It depends on certain social conditions, with several parties (the state, enterprises, and other economic entities) involved in the scope of activities. In other words, the technology is transferred only in certain modes.

 

2.4.1  Divided by the Actionable Mechanism

In  the  real  economic  environment,  transfer  of  technology  is  actually  driven  and controlled by two forces, namely market forces and plan forces. Th erefore technol-ogy transfer is divided into two models: the market-guided control transfer and plan-guided control transfer.

 

2.4.1.1  Market-Guided Control Transfer

Market force is dependent on the law of value and the mechanism of supply and demand, which is inf luenced by changes in the prices, interest rates, wages, 44 䡲 Theory of Science and Technology Transfer and Applications 

 

and other valuable “leverage” factors to inf luence, guide, and regulate the technology transfer. The sequence of interests, which are the dynamic factors of technology transfer, is quantitatively ref lected by the size of the returning rate of transfer. Market force impacts the role of technology transfer through the interregional trade, interdistrict collaboration, and inter-district-specific investments.

Th  e market-guided control technology transfer is purely based on economic reasons. In a sense, the technology transfer is a response to the local search for bet-ter opportunities, benefi ts, and economic space in the market. Th  e key factors that restrict such transfer include the existence of a more complete and developed uni-fi ed market system, including the backward regions, which is a necessary condition for reasonable and adequate transfer of technical elements, the existence of an eff ec-tive mechanism for accepting and responding to the transfer in productive systems for the market signals; the comparison between the expected interests and existing interests of the element’s transfer for the parties; the transfer of the innovative spirit of the parties, as well as the actual ability to overcome the market risk of transfer, the psychological adaptability, and so on.

 

2.4.1.2  Plan-Guided Control Transfer

Th  e plan-guided control technology transfer is related to market-guided control. Th e transfer is under the guidance of the domestic economy, social development strat-egy, and industrial policy, with the operational plans and programs giving guidance and regulation to technology transfer. Th  e plan-guided control technology transfer is a planned transfer of orientation; “proliferation,” “focus,” and “injection” are the three common forms of operation. For example, China is presently focusing more on the industrial zone, favoring investment in some regions, interregional migra-tion of industries, and organizing collaboration and production, refl ecting the role and requirements of the plan.

Compared to market-guided control technology transfer, plan-guided control technology  transfer  has,  in  addition  to  economic  reasons  and  motives,  noneco-nomic reasons and motives, such as the political environment, economic unity and national security, social equality, national unity, and reducing regional diff erences. For a particular developing socialist country, the planning control technology transfer is an important and necessary component to combine a planned economy with market regulation.

 

2.4.2  Divided by the Span of Transfer

Technology transfers occur between and among developed and developing countries (regions). Even as there are diff erences in technical levels between the countries (regions) of transfer, the spans of technology transfer are also diff erent, so are the vertical transfers and horizontal transfers of the technology.
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2.4.2.1 Vertical Transfer

In accordance with the international division theory and gradient theory, the vertical transfer (also known as vertical movement) refers to the transfer from the developed countries (developed regions of technology) as the supply side of technology (the source of technical streams) to the developing countries (less developed regions of technology) as the accepting side of technology (the technical stream places). In general, the developed level of technology or the technology gradient is higher in the advanced countries whereas the developed level of technology or the technology gradient is lower in the developing countries. Th  e technology transfer that is from the higher level of technical development (higher gradient) to the lower level (lower gradient)  is  known  as  vertical  transfer  or  vertical  movement;  in  reality,  it  is  the transfer of technology from developed to developing countries.

 

2.4.2.2 Horizontal Transfer

Th  e horizontal transfer (also known as horizontal movement), refers mainly to the technology transfer between the countries and regions which are at the same or similar levels of technological development (gradient).

Vertical movement in the social scene can make people hope for improvement in 

the social situation. Horizontal movement in the social scene raises the hope of verti-cal transfer after a change in the social environment. For any enterprise or institution, no location can be fi xed. Th  ey should be allowed to compete fully, for the potential of technology can be maximized only in the face of sustained, full competition.

Some foreign scholars, such as E. Mansfi eld of the United States, have defi ned 

vertical and horizontal movements as follows. Vertical movement is the transfer of the basic scientifi c research of country A to the application science of country B, or the transfer of achievements of the application science in country A to production in country B. Horizontal transfer refers to the transfer of new technologies applied in country A to the fi elds of production in country B. Th ese defi nitions and divisions have theoretical and reference values also.

 

2.4.3  Division by the Vector of Transfer

2.4.3.1  Transfer of Physical Elements

Th  e transfer of physical elements refers to the transfer of complete sets of equipment, tools, constructions, and other physical forms. Th  ese physical forms of Technology, “Intermediate  Technology”,  constitute  most  of  the  transfers.  Th  is technology is likely  to  be  obsolete  soon  as  it  is  embodied  in  a  physical  form.  Once  developed countries have a new technology they will try to transfer the relatively backward technical equipment abroad to shift the “intangible losses” of technology. At the same time, the demand “Intermediate Technology” is great in most developing countries because of poor absorption capacity in the domestic market. Th  is is the 46 䡲 Theory of Science and Technology Transfer and Applications 

 

basic background against which technology transfers from developed countries to developing ones happen.

 

2.4.3.2  Transfer of Information

Th  e transfer of information refers to the technology transfer through patents, tech-nical know-how, design, formulation, and other forms of knowledge. Such technol-ogy is not immediately used in production in general when it is usually in the technical testing stage. In general, the mutual transfer of this type technology in developed counties is larger, and forms the technology trade wherever permitted.

 

2.4.3.3  Transfer of Capability

Th  e transfer of capability is also known as the transfer of “technology-mind,” and is the transfer of technical talent because the technical talent is the “living” carrier of ability in technology creation so that the transfer is equivalent to the transfer of technology to create (invent and develop ). Technical talent is the basis of technical development and transfer of international technical talent is the most common hav-ing a positive eff ect in promoting the development of all technology. Developing countries need more technical personnel exchanges, however the exchange of tech-nical personnel in general fl ows from developing countries to the developed coun-tries rather than in the reverse order; the talent transfer because of immigration is one such. Such an irrational structure in the transfer of talent is in the forefront of the grave problems of developing countries. It will hopefully be reversed by the cooperation between developing and developed countries.

 

2.4.4  Division by Absorption and Processing

Th  is grouping is based mainly on Mira Wilkins’ classifi cation, and it deals with the follow-up of transfer of technology.

 

2.4.4.1 Simple Transfer

Simple transfer refers to a onetime technology transfer, which is used directly by the recipient and the supplier does not question the recipient copying them. Th  is is equivalent to the transplant of technology or of industry, and it is simply a “used” way.

 

2.4.4.2 Absorption Transfer

Absorption transfer refers to the technology transfer with a follow-up process of absorption. Th  e follow-up process of absorption includes imitation, duplication, and improvement of the technology.
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A simple transfer of technology is the basis of absorption transfer, but from 

the recipients’ point of view, subject to certain shortcomings or limitations, to the eff ectiveness of the technology. Once the imported equipment is damaged, it has to be imported again because it cannot be duplicated. In contrast, the transfer of technology, which can be absorbed, has the advantage over the former. As a result of its follow-up, domestic absorption, the eff ectiveness of the imported technology is extended. For example, after the 1960s, simple transfer is not the mainstream in Japan; when the fi rst machine is imported, the second one must be produced domestically for more benefi ts. In fact, in developing countries the more success-ful imported technology is generally a combination of a simple transfer and an absorption transfer; the proportion of absorption transfer is gradually increased. If there is a gap in a certain fi eld  of  technology  or  program,  it  could  simply  be imported to avoid the risk of developing one and to save the cost of development; for those domestic-based, but still relatively backward technologies, there should be an absorption transfer, that is, digestion and absorption to achieve the following aims: on the one hand, the technology need not be imported again and again; on the other hand, imported technology and domestic technology could be combined systematically.

 

2.4.5  Spatial Model of Technology Transfer

2.4.5.1  Types of Spatial Transfer and Its Disciplines

Th  e basic models of technology transfer are the epidemic model, the skip model, and the hierarchical model. Companies are the subjects of fl ow technology, which is largely dependent on enterprise technology strategy, including the proliferation of conditions, means, and opportunity.

In view of the resource conditions, the motivation to lower costs encourages tech-

nology transfer from advanced countries to less advanced ones; this is the skip trans-fer  model  with  epidemic  transfer  to  remote  areas.  Technology  life  span  comprises four stages–technology application period, growing period, maturing period, and standardizing period. Th  e application and growing period are concentrated mainly in metropolitan cities. In the mature period, companies transfer to moderately devel-oped countries whose markets have great potential whereas in the standardized period, technology transfers into developing countries where the cost is low, shaping the model from developed to developing countries via moderately developed coun-tries. When such transfer occurs, the transfer of technology becomes more widespread owing to the great demand and technology resources mature. Such examples can be found in the introduction of 138 manufacturing lines in television sets in China in the early 1980s, which led to the establishment of television companies in every prov-ince. From the market point of view, enterprises, when entering new markets, tend to transfer technology to remote countries and regions to avoid competition with leading companies shaping the skip model of technology transfer.
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Among the many means of technology scattering, technology transfer is often chosen to take place in some remote countries and regions to keep technology con-fi dential, forming the skip model. Advanced large scale corporations often develop their accessory branches in neighboring areas to keep the connections, which show the epidemic model. Th  e modeling function is the main pattern to penetrate local technology for Foreign Direct Investment (FDI), which decays with distance and shows the need for the epidemic model. Th  e value of cost and market in interna-tional ventures leads to the skip model of technical modeling. Such models can also be seen in the application of new measures resulting from an up-front connection with dealers in capturing new markets through international ventures.

 

2.4.5.2   Case Study: Spatial Pattern of Technology 

Transfer in Zhujiang Delta Region

Considering companies such as Jinpeng, Besta, Motorola, Hualing, and TCL as examples, these modes of cooperation can be regarded as skip models not only geo-graphically but also on the level of techniques. Moreover, two kinds of new space-time models are represented in companies such as Hualing and TCL.

Hualing Corporation chooses a time-space model that is moved from a remote area to a surrounding one, introducing new techniques from developed countries and combining them with local techniques. Such a model is a combination of the skip and epidemic models in technology transfer. At the outset, in ignorance of techniques in air conditioners, Hualing cooperated with the Japan-based Mitsubishi Corporation that acquired the most advanced techniques of air conditioners and afterward developed production ability quickly, a model of skip development. Th  ereafter, to reduce cost, Hualing placed greater emphasis on self-innovation and cooperating with local universities aims at making use of the research capacity in colleges, to obtain techniques and reduce cost initially as well as develop scattering techniques in remote regions as the transition from epidemic model to skip model. At the beginning of development, TCL chose the neighboring companies to obtain techniques and reduce cost by means of outsourcing and merging resources. As it grew, with distance no longer a constraint, the corporation expanded to north China and Indo-Asia Penn shaping the surrounding-remote model.




Chapter 3

 

Dynamic Mechanism 

 

and Measurement of 

 

Technology Transfer

 

Technology transfer is based on the nature of the transfer participants, is supported by the social, economic, and cultural environment, and driven by the technical potential diff erence; the transfer of information and material is the process. It is a complex process comprising many factors, such as technology, economy, society, enterprises, information, culture, etc. All the elements that aff ect technology trans-fer are interrelated and interact, and their characteristics as well as the interactions determine the time-space development model of technology transfer. Meanwhile, the  process  of  transfer  will  in  turn  infl uence the changes in and relationships between the factors. It is clear that the technology transfer process is a dynamic network of interrelations and interactions between every aff ecting factor and the transferring subject, between the process and the transferring environment.

 

3.1  Constituents of the Technology Transfer System

3.1.1  Hierarchical Structure of the Technology 

Transfer System

Bertalanfy, the founder of system science, believed that the theory of hierarchy is an important pillar of the general system theory. Every system possesses many diff erent levels in which the higher levels manage the lower ones, i.e., the latter are 
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subordinate to the former; in other words the former dominates the latter and the lower levels obey and support the higher levels. Hierarchy plays the same role in the system of technology transfer, which can be divided into three levels namely interregional fl ow system, regional fl ow system, and international fl ow system as shown in Figure 3.1.

Th  e technology transfer systems with diff erent levels have diff erent evolution laws. For example, regional transfer of technology is certainly diff erent from the transfer between two enterprises in the same city. Th  e former transfer depends mainly on the interaction space in the transferring regions, whereas the latter is determined mainly by the technology situation, technology management, and communication of information between two enterprises.

Technology transfer can also be divided into macro- and microlevel transfer. Th  e macrolevel transfer mainly studies the evolution of technology transfer in the transfer space to reveal the cause and mechanism of the unbalanced development of innovation in technology transfer in space, to improve and optimize the trans-fer process, to fi nd ways to expand the application of the innovative technology to obtain the potential economic benefi ts of the technology. On the other hand, the microlevel transfer mainly focuses on the technical proliferation between main adopters and analyzes the realization process and the law of transfer in potential users to reveal the micromechanism of technology transfer. Th  us the strategies for improving the micromechanism of innovative technology transfer among potential adopters can be found, which will enhance the effi  ciency of the transfer process and promote economic development.

 

International technology transfer system

 

Interregional technology transfer 

 

Regional technology transfer system

 

Figure 3.1  Hierarchical structure of technology transfer system.
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3.1.2  Basic Composition of the Technology

Transfer System

Technology transfer is a complex technological, economic and social system. Th e problems of why, where, how, and who to transfer the technology are all related to this system. Th  e system consists of the object of technology transfer, the source and the sink of transfer, the information channel, the auxiliary system, and the incentive mechanism, and so on, as shown in Figure 3.2.

 

3.1.2.1  Source of Technology Transfer

Th  e source of technology transfer refers to the enterprises or organizations which spread the technology, it is the space performance of the technology output side. Sometimes the location of technology is referred to as the source of technology transfer. Th  e technology export of the transfer source integrates with the technology of the owners who generally approach organizations possessing and innovating tech-nologies like enterprises, research institutes, the intermediaries, relevant government departments, and so on. Th  ese owners infl uence the process, the speed as well as the quality and the scope of technology transfer through the transferring behavior.

 

3.1.2.2  Object of Transfer

Th  is refers to the technological innovation being transmitted and promoted in the transfer process. In a transfer system, the connotation of transfer object may be 

 

A

 

Object                             Information 

Demand

B

D

C

Information

 

Figure 3.2  The technology transfer system diagram. (A) The source of technology transfer. (B) The incentive mechanism. (C) The sink of technology transfer. (D) The auxiliary system.
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production innovation, process innovation, marketing innovation, raw materials innovation, organization, knowledge innovation, etc. Th  e innovation technology transferred is often in the form of tangible technology such as equipment, product, and other intangible technologies like software, documents, and disks.

 

3.1.2.3  Sink of Transfer

Th  e sink of transfer refers to the potential of enterprises to absorb and adopt inno-vative technology; sometimes the infl ow of innovative technology is also known as the sink of transfer. Th  e integration of the innovative technology by the adopter is the introductory  action  in  the  technology  transfer  system.  Th  e adopters’ evaluation of and decision-making on innovative technology will aff ect the process, speed, quality, and scope of the transfer. Th  erefore their adoption behavior is taken as a necessary condition and microbasis for the technology transfer whereas their quality features are the dominant factors that aff ect the realization of innovative technology transfer.

 

3.1.2.4 Information Channel

Information channel is the basis of technology transfer, acting as a bridge for the output and demand of technology. Earlier information exchange activities were organized by the government. Th  e so-called action of setting up stages for companies and research institutions actually means that the government sets up the information channel to facilitate the communication and cooperation between the two sides. To strengthen bilateral exchanges, the government also arranges for researchers from research institutes to visit and investigate the companies looking for cooperation opportunities. At the same time organization managers and technology directors will pay a visit to research institutes to learn about scientifi c achievements. Th ere are several types of information channels, such as exhibitions, achievement shows, the fair exchanges, technical seminars, study tours, popular science lectures, and so on. Entering the era of computer networks, information networks is a modern informa-tion channel and many scientifi c research institutes have established their own Web sites to publicize scientifi c achievements and technical information. Many companies introduce the manufacturing and production information on their web sites and local governments and a number of technical intermediary units also use the informa-tion network to establish the online technology market. Th  e information channel of technology transfer has enhanced mutual understanding and exchange between the owners of technology and the demand-side, and promoted technology transfer.

 

3.1.2.5 Auxiliary System

As a support, the auxiliary system provides a material guarantee for technology transfer to facilitate the commercialization of technology transfer. It is a complex and long process to transfer technology to production for practical use to meet the market requirement. 
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In this long process there are many technical, management, and economic issues to be solved, requiring the improvement of the technical process and its stability, the expan-sion of the production scale, high quality, and output. Th  e issues also include develop-ing new markets, exploring the feasibility of the economy, and so on. Is therefore clear that it is not only a big investment with a big risk but also relates to many factors such as human, material, fi nance, resources, etc. Th  e basic function of the auxiliary system is to support the development and the commercialization of technology making it fi nally applicable to products and services. Th  e technology transfer auxiliary system has several forms; it can be pilot-plant bases, incubators and technology parks, institutions to pro-mote productivity, technological innovation institutions, technology transfer agencies, engineering research institutions and technology intermediaries, and in some cases it is the integrated form of some or all of the above. Th  rough technical exchanges, technol-ogy development and product design, conciseness of problems, technical advice, and others, this system creates a good environment and opportunity for technology transfer and supports the commercialization of technology. In this information age, the virtual R&D bases, the service centers of technology information and transfer, have become a modern and eff ective kind of auxiliary system.

 

3.1.2.6 Incentive Mechanism

Incentive mechanism is a key factor in improving the eff ectiveness of technology transfer. As a catalyst, it can enhance the functions of many factors in the process of technology transfer and speed up the process. During technology transfer, technology owners, the technical staff , and technical needs are the most relevant factors, and the incentive mechanism is just intended to speed up technology transfer and improve the effi  ciency by improving the atmosphere, helping create innovative management systems, coordinating relations between subjects and objects, stimulating the technology transfer initiative, and encouraging the trans-formation of scientifi c and technological achievements. Meanwhile by improving the structures of enterprises and institutions, the owners will develop technology based on the demand. In this way the speed and effi  ciency of technology transfer will be enhanced.

 

3.1.2.7  Internal Environment of Technology Transfer

3.1.2.7.1   Meaning of the Internal Environment 

of Technology Transfer

Th  e internal environment of technology transfer refers to a collection of all the ubiquitous factors that are the basic components of the system, and is diff erent from the external environment beyond the boundaries of the transfer system. Th e external environment, which consists of the economic mechanism, political, legal, and social environment, has an indirect impact on the diff usion process and can 54 䡲 Theory of Science and Technology Transfer and Applications 

 

be treated as the external and fi xed factor. Th  e internal environment of technology transfer includes the technical base and the structure of the transfer space, market structure, industrial structure, resource endowment, infrastructure, and other economic conditions. Th  ese are the basic conditions of the transfer process, which is in a dynamic state of evolution.

 

3.1.2.7.2   Function of the Internal Environment 

of Technology Transfer

It is a typical interacting mechanism between the transfer process of innovation technology and the internal environment of technology transfer. On one hand, the transfer process is impacted and constrained by the internal environment of transfer. On the other hand, it acts on the internal environment of transfer to further its development and evolution; then the changed environment will aff ect the transfer process so that a new pattern of movement is formed. Th  e new pattern in turn infl u-ences the internal environment of technology transfer, and the cycle goes on. Th is way that the technology transfer process moves forward in the form of interaction with the internal environment of transfer.

Th  e internal environment of technology transfer has a dual eff ect on the transfer process. Th  e former supports the development process but has some limitations and obstructive factors. Th  erefore the adopting process of potential users becomes time-consuming and makes the transfer a limited growth process.

 

3.2  Dynamic Mechanism 

of Technology Transfer System

3.2.1  Analysis of the Technology Transfer Affecting Factors

3.2.1.1 Technology Potential

Technical potential refers to the technology level in a specifi c area. Shen Yue, Fu Jiaji, and other scholars believe that the potential between creators of technology and the surrounding area is caused by technology innovation. To eliminate this diff erence,  creators  will  be  forced  to  diff use the technology around or make the surrounding regions learn and imitate the innovation. Th  rough technology trans-fer, information exchange, personnel transfer, international trade and investment, and other technical means, technology transfer may take place between groups of people, among enterprises or regions. Th  e greater the potential diff erence is, the higher the transfer conditions and the more diffi  cult it is for technology transfer to take place. On the contrary, if the conditions are relatively low, technology transfer is more likely to take place; thus the characteristics of technology transfer duality are apparent. Moreover, technology potential diff ers at diff erent scales of space, 
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for example skip transfer exists in a macroperspective and expansion transfer and gradient transfer are common in a micro perspective.

 

3.2.1.2 Space Distance

Space is the most important factor infl uencing technology transfer in a microscale. Th  e interaction, limitation, and mutual promotion of potential technology  adopters will aff ect the transfer of elements (information, conceptions, materials, talents, capi-tal) in space and technology transfer directly. To be specifi c, the transfer  process starts from the communication of information by the innovator to the initial receiver. Th e strength of technology potential decreases with the increase in distance. Th is makes distance one of the most important factors that aff ect the transfer process. Th e closer the receiver enterprise is to the technology source, the higher the  possibility that it can receive the technology and vice versa. Th  erefore, on a microscale, distance requires space agglomeration to reduce the time and cost of introducing technology and technology cooperation. Silicon Valley, Tsukuba, Japan, Bangalore (India), as well as Hsinchu, Taiwan, Beijing’s Zhongguancun Hi-Tech Park, and other well-known domestic and international developments show that high-tech enterprises agglomerate mainly in areas such as science and education, special economic zones and economic and technological development zones, industrial zones, and the new areas.

 

3.2.1.3 Transfer Channel

Th  is concept refers to the internal and external environment of technology transfer. Th  e external environment of technology transfer includes regional economy, policy, laws, and social environment whereas the internal environment refers to the regional system consisting of economic development, technological structure, market struc-ture, industrial structure, the fl ow system of information, resource endowments, and enterprise quality. Th  e smooth technology transfer channel should be condu-cive to technology transfer, otherwise it will impede the transfer. Th e technology transfer channel features are dynamic. With diff erences in the economic system, industry and market structure, social and culture environment, the countries or regions with the same technology potential may shows diff erent preferences to technology exploration and introduction resulting in diff erent strategies to develop technology and thus the transfer refers to diff erent contents and levels.

Th  erefore the transfer of technology is under the comprehensive infl uence of the 

technology potential, distance, and the technology channel. Specifi cally, the tech-nology potential diff erence is the fundamental driving force and the distance is an important factor aff ecting cost whereas the existence of the technology channel is a necessary condition to achieve technology transfer. Domestic and foreign regional development show that a high-technology potential, and short distances and convenient access between technology partners, help the smooth transfer of technology.
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3.2.2  Constituents of the Dynamic Mechanism 

of Technology Transfer

Th  e view of Japanese economist Teng Chaiyou on the driving force of technology transfer is very clear. He believes that interaction between the needs and reserves and resources (including human resources, capital, equipment, information, etc.) is necessary to meet the demands and promotes the development and application of technology. However, complementary interaction between one country’s N −R (Need–Resource) relation with that of the other country can achieve eff ective trans-fer of technology. Complementary interaction also determines a country’s industrial development and its foreign economic activities. If R is insuffi  cient in a country, the bottlenecks that appear will promote technological innovation. If it is better for a country to import technology rather than to carry out technological innovation on its own their N −R relationship becomes the N−R relationship of importing technology, whereas in the other country the relationship becomes the N−R relationship of technology transfer. Such complement interactions of N −R relations between two countries includes the demand and resource transfer, information exchange, diver-sifi ed technology transfer channel, system and infrastructure of technology transfer (including the patent system, technical education, training system, and other insti-tutional factors, as well as transportation, communication facilities, research, and development institutions, universities, and other hardware factors), and so on. Th e more extensive and active the N−R international relations, the easier it will be for the transfer of technology.

Th  e process of technology transfer can be taken as the gradual entry of technological enterprises with potential demand, whereas its dynamic mechanism can be divided into the following three aspects: the pulling mechanism, thrust mechanism, and coupling mechanism of technology transfer.

With regard to the pulling mechanism of technology transfer (that is the dynamic mechanism of the demand party), the innovation–imitation theory represented by Schumpeter (1912), Mehret Ridge (J1Merenish), and Mansfi eld (E. Mansfi eld) argues that the reason for the entry of new enterprises is subject to the induction of a profi t monopoly. When an innovative technology is not yet fully diff used, the enterprise that has adopted the technology will produce a short-term balance in monopolistic competition; because the price is higher than the average cost at this time, the enterprise will win excess monopoly profi t. In practice, this could continue to attract new enterprises to enter. In the early period of innovation and technology transfer, due to excess monopoly profi t, innovative enterprises are often reluctant to carry out technology transfer; however, as a result of the transfer fee and the risk of complete monopoly, innovative technology suppliers are forced to diff use so as to promote technology transfer. Finally the price will equal the average cost, when excess monopoly profi t will become zero and no more new fi rms will be willing to enter and a long-term balance “that is a state of full diff usion” will be reached and the transfer activity will come to an end.
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Th  e theory of production cycle discusses the thrust mechanism of technology 

transfer (that is the mechanism of innovative supply) from the point of view of international technology transfer. It points out that fast transfer is not good for enterprises with innovative technology when considering the maximum profi t. Th e enterprises will determine when to diff use the technology at diff erent stages of its life  cycle.  In  general,  these  enterprises  will  fi rst  export  products  of  the  new technology. In the process of export, with the products growing in the local market, profi ts also decrease. Meanwhile the product is gradually adapted to local conditions so that the local factors can also produce the product. Th  us, enterprises in turn make direct investments to achieve profi t. Finally they begin to export technology directly, moving the integral technology and product process to that country or region, which is the realization of the diff usion of innovative technology.

Generally it is believed that the reason for technology transfer is the technological 

diff erence between the demand and supply sides, and the external condition is the coupling relationship of demand and resources of the two sides. And the internal dynamic mechanism is the supplier choosing or delaying the diff usion at diff erent stages for maximum profi t, with the demand-side introducing innovative technology for additional profi t.

 

3.2.3  Force of Technology Transfer System

According to the theory of technology transfer, because a new technology can improve effi  ciency and create more value or can save labor costs and improve the system thus creating new markets, there is “potential diff erence” between the inno-vator and the surrounding space. As a result of the existence of the “potential dif-ference,” a “fi eld,” called the fi eld of technology transfer, develops. According to the theory of fi eld, a power balance will promote the diff usion of innovative technology or encourage surrounding areas to study and imitate the technology to eliminate diff erences, in which case the transfer will take place objectively. In the fi eld  of technology transfer, when the sink exists, the fi eld will have an eff ect on it to promote the introduction of new technologies. Th  eoretically, the action of transfer has the following two reasons, fi rst, the transfer is driven by internal and external pressure and second, the sink of transfer is attracted to accept the technology transferred.

 

3.2.3.1  Attraction of Transfer Sink for Technology

Th  e direction of the transfer option depends on the gravitation fi eld of the transfer sink. Th  e following factors infl uence the direction of transfer:

  1. Labor force, including the price, technical level, technical ability, etc. of 

labor.

  2. Resources—regions with abundant resources have greater attraction to 

technologies.
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  3. Location—regions geographically close to the source of transfer is more likely 

to receive the technology.

  4. Marketing factors—a developed market is an important factor to generate high 

profi ts. Th  erefore expanding markets of commodity and technology provide the right conditions for the development and further innovation of the technology.

5.  Financial situation—the diff usion process is often accompanied by investment 

behavior; especially the diff usion of high-tech processes. Well-developed capital markets have an important impact on the source’s adoption of the technical achievement.

6.  Institutional factors, including the policy of the source, the legal environment, 

protection of intellectual property rights, and environmental risks.

7. Attraction of technology—this attraction has a great impact on technology 

transfer, especially when technologies have increasingly become the dominant factor of productivity. Technology attracting technology is a more advanced method of technology transfer.

To sum up, these factors, namely labor, resources, location, market, capital, technology, etc. have a direct infl uence on the transfer. Th  erefore, the following model can be used to represent the attraction of the transfer sink to the technical innovation, that is

V = (X X X X X X X 1 , (3.1)  2  ,  3  ,  4  ,  5  ,  6  ,  7  )

where

V represents the attraction of the transfer sink to the technology

X is the state of the labor force 1

X2 is the state resources

X is the location factors 3

X is the market factors 4

X is the fi nancial situation of the factors 5

X6 is the institutional factors

X is the attractive technical factors 7

As in the potential fi eld in mechanics, the gravity gradient function of the technical transfer fi eld can be fi gured out:

 

X    ⎛ ∂V   ∂V   ∂V   ∂V ∂V   ∂V   ∂V ⎞ , = −⎜ , , , , , ⎟           (3.2) ⎝ ∂ X 1 ∂ X 2 ∂ X 3 ∂ X 4 ∂ X 5 ∂ X 6 ∂ X 7 ⎠

Th e diff erent distributions of the fi eld of every factor infl uence the fi eld in diff erent ways; regions will diff er in states and form diff erent levels of gradient. Th e diff usion of technology generally follows the diff usion law of gradient and spreads toward the direction with smallest gradient and with the largest gravitation.
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3.2.3.2  Impetus for Technology Transfer of the Sink

Th  e impetus of the technology transfer is aff ected by the following factors:

 1. Th  e cooperation intention based on the development strategy of the transfer 

source.

  2. Market factors, that is, the prospect of the transfer product in the market of 

transfer sink.

 3. Th  e technical ability of the transfer source.  4. System factors, including the estimation and judgment of the source on the 

transfer sink in terms of the society, politics, economic environment, and 

containing the policy and legal environment of the transfer source, national 

security policy, environment risks, etc.

 5. Th  e source’s choice of transfer time and type of technology.  6. Excellent geographical location near the transfer sink can send out more 

radiation to the sink.

7.  Options in the transfer mode of the transfer source (joint-venture, cooperation, 

sole proprietorship, etc.).

On the lines of the defi nition of the sink’s attraction to the technology, the impetus of technology transfer from the source is defi ned as follows:

P = P( y y y y y y y 1 , 2 , 3 , 4 , , 5 6 ,7 (3.3)  )

where

P is the impetus of technology transfer of the transfer source

y is the cooperation intention based on the development strategy of the transfer 1

source

y is the market factors 2

y3 is the technical ability of the transfer source

y is the system factors 4

y is the transfer time and type of technology 5

y is the location factor 6

y7  is  the  transfer  mode  of  the  transfer  source  (joint-venture,  cooperation,  sole 

proprietorship, etc.)

 

3.2.3.3  Resistance of Technical Transfer Field

Technology transfer is impeded by the following environment factors:

1. Barriers of information delivery

  2. Uncertainty of the benefi ts of innovative technology 3. Incompatibility 60 䡲 Theory of Science and Technology Transfer and Applications 

 

 4. Adopted price

 5. Th  e space constraints and so on

We defi ne the block degree of the technical transfer fi eld transfer as follows:

R = R Z Z Z Z Z ( 1 , 2 , 3 , 4 ,5 ) (3.4)

where

R is the block degree of technical transfer fi eld

Z1 is the block of information delivery

Z is uncertainty of the benefi ts of innovative technology 2

Z is the incompatibility 3

Z is the adopted price 4

Z5 is the constraint of space, etc.

 

3.2.3.4  Gravitation of Technical Transfer Field

Th  e integration of the gravitation of the transfer sink and the impetus of the transfer source acting on the innovative technology is called the gravitation of the technical transfer fi eld, as shown in Formula 3.5.

F = + V P (3.5)

F represents the gravitation of the technology transfer fi eld.

According to the law of universal gravitation, the gravity is directly proportional to the quality of two objects and inversely proportional to the square of the distance between the two objects. It is the same case in the technology transfer fi eld.

We divide F into the two parts; one is a comparative superior gravity whereas the other is the demand gravity, as illustrated in the following formula.

F = α + β F 1F2 (3.6)

where

F is known as the comparative superior gravity 1

F2 is called the demand gravity

 

F 1 = C M M 1 12 2 (3.7)

R

 

F = (M Q 1 − M Q M M 2 2 ) 12 (3.8)  2  2  R
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where

C represents the comparative superiority, which is given by the ratio between 1

rt and r

r is the average profi t rate of the technical adopter at time t t

r is the regional average profi t rate of the potential adopters in regions that adopt 

the technologies

M 1 is the supply quantity of the transfer source

M is the number of potential technology adopters of the transfer source 2

Q is average economic scale of technology adopters 1

Q is average economic scale of technology adopters of the transfer source 2

R is the block degree of technical transfer fi eld

α, β are the coeffi  cient of the gravitation components

Because of the fi eld gradient, changes in the fi eld elements arise during the technology cross-transfer. Th  e source with outward technology diff usion is called a positive source, technology fl owing into the transfer sink is a negative source. Given a block degree for transfer, more technology providers will bring about larger gradient than the surrounding area and greater strength of transfer for the source, whereas for the transfer sink, more potential users will generate more demand as well as greater absorption strength.

Th e comparative superior gravity and demand gravity result in technology 

transfer. As the block degree R is negatively quadratically related with comparative superior gravity F1 and demand gravity F2, small changes in R will cause larger variations in F and F . When there is a great diff erence between the source and the 1 2

sink of technology transfer in the characteristics of fi eld, stock degree will be more, which goes against technology transfer. On the contrary, technology transfer will be easily carried out when they are similar.

 

3.3  Imitation of Technical Innovation 

and Transfer Model in Two Regions

Th e relationship between technology transfer and technological innovation is essential for the analysis of economic growth. If the technology leader or technology innovator cannot get profi t from the progress achieved in the application of the technologies, then the process of technical innovation and transfer will yield a decreasing profi t and the innovation speed slows down thus aff ecting the technology transfer process. Eff ective transfer, when improving the technical level in the region where the technology is introduced, will reduce or raise the expectation of the technology providers and will aff ect the next generation of technology innovation. Th  erefore, the research into the relationship between technology innovation and technology transfer becomes the premise for analyzing technology transfer and economic growth.
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3.3.1 Assumptions

Assumption 1: Th  ere exists an economic leader region-1 and economic following region-2.

Assumption 2: Technical innovation brings about new product functions, or inno-vative products increase the diff erence in and diversity of the product.

Assumption 3: Technical innovation increases the number of diff erent products, N.

Assumption 4: Production of a diff erent commodity requires only the input of labor force and every unit of production occupies a unit of labor force.

Assumption 5: Region-1 needs to invest in   units of labor to develop new  K  a

n

products where a  represents  productivity  of  the  deployment  while  technology stocks is given by K n = f (n); Region-2 is in constant innovation and its manufactur-ers input am units of labor to imitate the technology where a is the productivity of 

Km                                        m

imitation, K is the current stock of technical knowledge. When region-2 absorbs, m

digests, and reinvents foreign technology, K will increase with the accumulation of m experience, but will continue to rely on region-1 to produce N diff erent products. 1

Assumption 6: When region-1 can produce enough innovative products, region-2 can easily imitate their products and also reduce their cost. So K        (N m = K , N ) is m 1 2 assumed to be a homogeneous linear, increasing function of N 1 and N2. N2 repre-sents the number of products that could be used by region-2 and N    N 2 ≤ . 1

Assumption 7: N  represents the number of innovative products in region-1, while * 1

N  represents the number of imitation products in region-2. * 2

 

3.3.2  Imitation Model of Technical Innovation 

in Two Regions

3.3.2.1  Market Clearing Conditions in Two Regions

According to the above assumptions, x  represents the sale volume of the products  i(i  =  1,2)

in the two regions, that is

( )−ε p

x            i =             (i = 1,2)                 (3.9)

i                      1−ε                  1−ε + N P ( ) N P ( )

2   2           1   1

where

p and p represent the prices of diff erent products in region-1 and region-2 1 2

ε =   1 the substitution elasticity of the two products 1 − α

α the preference coeffi  cient of diff erent products with 0 < α < 1

i = 1, 2 i1 and i2 separately represent region-1 and region-2
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research department requires αN for labor. Th Manufacturers in region-1 have a demand for labor force, N x , while the 1 1  e balanced demand in the labor 

market is as follows:            Kn

 

αN* 1 + N x 1 1 = L 1 (3.10)  K  n

 

where

L represents total supply of labor force in region-1 1

N  represents the number of innovative products in the same region * 1

Similarly, N x 22 represents the manufacturers’ demand for labor in region-2, 

where the labor force input in the imitation activity is α   * m N 2 . Clearing the labor market therefore yields                                   K m

 

α   * m N 2 + N x 2 2 = L                   (3.11) 2 K m

 

where

L represents total labor force supply in region-2 2

N  is the number of imitation products in this region * 2

Assuming that the labor allocation among industries in two regions stays fi xed 

and ξ = N i i (i =1,2) is the share of region-i in all the diff erent product categories. N

In the long-term, ξ 1, ξ2 approach a constant value, and the growth rate g of the 

production categories in every area converges, that is g 1 = g   g    N * i 2 ( i = , i = 1,2). For N i N = N                                      . Th 1 + N , g g . In a steady situation, g 2 = ξ g 1 1 + ξ g g 2 2 = 1 =  e imitation rate 2 m N * 2 ≡

 represents the rate of products being imitated per unit of time in region-1. 

Accordingly        ξ g2 2                          m N1 m =    ; when g2 = g, then ξ = 2     . 1

− ξ2                               g + m

As a result, compared with the rate of innovation g, the higher the rate of imitation 

m, the higher the product proportion ξ will be in region-2 in the long-term. 2

 

3.3.2.2   Relation between the Imitation Rate 

and Innovation Rate

If manufacturers in region-1 have developed technology that has not been imitated, it can be assumed that it could get a profi t π 1dt in time dt. Th  e companies face the risk of their products being imitated by manufacturers in region-2; it can therefore 64 䡲 Theory of Science and Technology Transfer and Applications 

 

be assumed that there are N 2 *dt dt kinds of products being imitated in time dt. Th  en the possibility that manufactures in region-1 lose the monopoly status in that 

time interval is N 2 *dt                                                   • . Assuming that the capital lost is v 1 , the profi t is v 1dt. Th N 1 en the total expected income of manufacturers in region-1 is as follows:

 

π    N * 2 dt    ⎛   N * dt ⎞ • − v + − 2 v 1 d t 1 ⎜ 1 ⎟ 1 ⎝ 1 ⎠ 1dt               (3.12) N N

 

If the loan is of size v , dividing by v dt, and letting dt     0 1 1 →

 

π + − 1     •          * N v 1 2   =                           (3.13) r 1 v 1 v 1 N 1

where r1 represents the bond profi t of manufactures in region-1. r1 = ρ in the long-term, and ρ is the discount rate. Th at is

 

π = ρ+ + 1 g m (3.14)  v  1

 

π = (1 − α)w1 1 (L (3.15)  1  −  ag  )  α − ξ  (1  )  N

 

where w represents the marginal cost of the manufacturers in region-1. 1

By a combination of ξ = m 2 , and Formulas 3.13, 3.14, and 3.10, the rela-g + m

tionship between the hidden long-term rate of innovation g and imitation rate m when the market is clear in region-1 and g > 0, can be obtained as shown here in Formula 3.16:

 

1 − α ⎛ L1     ⎞ g + m − ⎜ g = ρ + + g m                 (3.16) a ⎟ α ⎝ ⎠ g

 

Similarly, the total value for the manufacturers in region-2 also remains unchanged.

 

π = (1 − α)w2 2 (L 2 − a g m ) (3.17)  α  N  2

 

where w presents the marginal cost of the manufacturers in region-2. 2
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With diff erent rates of innovation in the stable state, the greater g is, the higher 

the capital losses of manufactures in region-1, which shows that the right side of Formula 3.16 will be larger. Th is signifi es that the actual capital cost of the coun-try’s manufacturers in a steady state is higher. At the same time, in equilibrium where the value of g is large, the profi t of the manufacturers in region-1 is lower as Formula 3.15 indicates. Th  e reason for this situation is that on one hand, the high rate of innovation implies that the R&D sector employs more workers and leaves the smaller labor force to work for manufactures, on the other, region-1 has a higher quotient in the total number of products in the stable state, implying ξ is smaller 2

⎛        m ⎞ ⎜ ξ = ⎝ 2 ⎟ and the distribution of the labor force will become even more sparse. g + m ⎠

In the stable state with diff erent imitation rates, the greater the rate of imitation m, 

the higher the risk of manufacturers being driven out of the market in region-1, and the higher the realistic cost of capital for them. As an increase in the imitation rate m can improve the profi t rate of the manufacturers in region-1 the rate of imitation becomes 

higher. Because        m ξ = +

2 , the less the product share of region-1, the bigger its sale 

g   m

volume for a certain number of products. Imitation has more impact on the profi ts than on the cost of capital for the same fl exibility of demand, so the high rate of innova-tion matches the high rate of imitation to ensure the validity of Equation 3.16.

 

3.4  Measurement of Technology Transfer

Th  e measure and analysis of the “strength” generated by regional technology transfer and fl ow are the necessary premise for achieving reasonable control on technology transfer and its eff ect. It not only reveals the length, depth, and breadth of economic and technological relevance in a certain time period in diff erent regions, but also refl ects the infl uence of economic development in diff erent regions on its strategic, superior, and general industries.

 

3.4.1  Model of Technology Transfer

In physics, F =   m m 12 G  describes the attraction between two objects and depicts  2

r

attraction between two objects with a mass of m , m when the distance between 1 2 them is r; the greater the mass of the objects and the closer they are to each other, the greater the attraction will be. Th  ere are some similarities between the technology transfer between two regions and the gravitational attraction between two objects, namely, the greater the interest diff erence, the stronger the economic strength and the closer they are located, the stronger the trend of technology transfer will be. As a result, the ideology and measurements of gravity in physics can be applied here. Assuming that there are two areas i and j, whose technology levels are r and r ij respectively, the transfer gravity of technology elements is given by 66 䡲 Theory of Science and Technology Transfer and Applications 

 

⎧         i   j G G ij = ij m m    i i     j       i i    j j    i ( m m − j ) > > ⎪⎪ j F k m p a m p a m p a m p a m m Ϩ r m r m q m m S ⎨ ⎪         (3.18) i i 0 m < j j i < j ⎪⎩ p a m p a m m ៪ r m r m

F  represents the gravity between the two regions i and j in industry m. Technical ij

m

elements will fl ow from the region with higher benefi t returns to the other one. It will also fl ow from the region at a higher technical level and with higher productivity elements to the other one:

r  and i                j r  are the technical levels of regions i and j respectively in industry m. m      m

k  represents the coeffi ij  cient of technology transfer between regions i and j in 

m

industry m, and is related mainly to policy factors. As policies are easy to transfer, technical elements can be easily transferred. Th  e greater the value of k , the greater ij the transfer capacity.


p  and i                 j p  represent infl uence coeffi  cients of industrial development for regions m       m

i and j respectively in industry m, and are related mainly to the comprehensive matching of factors that aff ect the development of technical elements, such as living environment, geography, openness, communication, language, and cultural affi  nity. Regions with better traffi  c conditions, more comfortable living environment, simi-larity in language and culture, and greater affi  nity will have greater attraction to 

technical elements, and the value of p  and i                 j p  will be greater. m       m

G  and i                  j G  represent the GDPs (Gross Domestic Product) of regions i and j 

m       m

respectively in industry m. Th  e better developed the industry, the more the output will be, and the more the attraction to similar industries.

a  and i                  j a  represent return rate of transfer of the regions i and j respectively m       m

in industry m.

S is the distance between the regions i and j, which refl ects the infl uence of distance on technology elements fl ow. Th  e less the distance between two regions, the faster the technology transfer, the more the attraction and vice versa.

Q stands for the index of the distance, and it refl ects the infl uence of geographical conditions, like transportation and geographic barriers to technology elements transfer, With improvement in transportation conditions, green time will be shortened, the transportation will be more convenient, q will be smaller, and the negative infl uence will also be smaller, which will, in turn, result in higher attraction.

3.4.2  Empirical Study on Technology Transfer in China

Technique is the result of a comprehensive transfer of technology elements, and it is the sum of diff erent technology production factors. In this study, based on the geo-graphical distribution and city scale, certain electronic and communications equip-ment manufacturing units in some representative provinces and cities in China 
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(Anhui, Fujian, Shanghai, Hangzhou, Shanxi, Chongqing, Qingdao, Harbin, Nanjing) are selected, and the capability of technology transfer from 2001 to 2003 is estimated.

 

3.4.2.1 Data Specifi cation

 1. Th  e selection of industry

m represents high-tech industries like electronics and communications equipment 

manufacturing industry.

 2. Coeffi  cients of transfer technique

 On the basis of the Chinese regional policies to attract foreign investment, the 

following assumptions are made: when technology elements fl ow to eastern 

regions,    ij                                                                                                                   ij k m                                         m , when they fl ow to the central regions, = 1                                k = 0.9, and when 

they fl ow to the west, ij k = 0.8; (special economic zone is classifi ed as East m

region).

 3. Infl uence coeffi  cients of industrial development

 For mechanism analysis of technology transfer, gray clustering analysis is 

used; the whitening weight function is generated and the importance of dif-

ferent indicators is distinguished by using Delphi basic language, conference 

consulting, and comparing step by step. Th  e cities under calculation were 

divided into three categories A, B, and C and their values are 0.9, 0.8, and 0.6 

respectively. Th  e results are shown in Figures 3.1 and 3.2.  4. Return rate of industrial transfer

a  and i                j a  represent the comprehensive indexes of industrial economic bene-

m      m

fi t. Th  is new index evaluation system was introduced in China in 1998, and is 

composed of seven indicators, which are calculated as follows: each reported 

practical value of the seven single indicators of industrial economic benefi t is 

divided by its national standard value and multiplied by its own weight, the 

sum of the above results is then divided by the sum of the weights.

IA special relative number gives the comprehensive industrial economic 

benefi t calculated from the following seven aspects: profi tability,  develop-

ment capacity, operational risks, speed of reproduction cycle, economic 

benefi t derived by reducing the cost, production effi  ciency, and the cohesion 

between production and marketing. So it refl ects the gross index in the opera-

tion quality of the industrial economy, and the actual level and development 

trend of industrial economic benefi t in diff erent industries as well as diff er-

ent regions can be checked and evaluated at the same time. Th ese numbers 

refl ect the panorama of the economic situation. Th  erefore transfer return rate 

is chosen as the indicator in this study.

Th  e index of industrial economic benefi t is composed of seven indicators: 

the total assets contribution ratio, hedging and proliferation ratio, asset-liabil-

ity ratio, asset turnover ratio, profi t margin of the cost, all labor productivity, 

and product sales rate.
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Table 3.2  Technique Development Infl uence Coeffi cients for the Communications Equipment Manufacturing Industry in Some Provinces and Cities in China

Region pi                                                                                            i                                                                               i p  Time  p  Time  Region  Region  Time

m                          m                      m

Anhui     2001   0.6   Hangzhou    2001     0.9   Qingdao   2001    0.8

2002    0.6                 2002      0.9               2002    0.8

2003    0.6                 2003      0.9               2003    0.9

Fujian       2001    0.6    Shanxi        2001      0.6   Haerbin    2001    0.8

2002    0.6                 2002      0.6               2002    0.8

2003    0.8                 2003      0.6               2003    0.9

Shanghai   2001    0.9   Chongqing   2001     0.6   Nanjing    2001    0.8

2002    0.9                 2002      0.6               2002    0.9

2003    0.9                 2003      0.6               2003    0.9

 

The total assests of  the contribution ratio (percent)

Total profits + Total taxes Interest expense +                   12

=                               ×

Total assets                     the cumulative number of  months

× 100 percent Standard value 10.7, weights 20 () (3.19)

 

The hedging and proliferating ratio(percent)

= The owner's rights at the end of the reporting period × 100 percent

The owner's rights last year

 (Standard value 120, weights 16) (3.20)

 

The asset-liability ratio(percent)

= Total liabilities ×

100 percent ( tandard value 60, weights 12 S)

Total asset (3.21)

 

The asset turnover ratio (percent)

=         Product sales revenue

Average balance of  total current assets

×            12

( tandard value 1.52, weights 15) S

the cumulative number of  months (3.22)
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The profit margin of the cost (percent)

= The total profits ×

100 percent ( tandard value 3.71, weights 14) S (3.23)

The total cost

The all labor productivity (percent)

=    The industrial added value

The average number of employees

×            12

(Standard value 16,500, weights 10)

the cumulative number of months

(3.24)

The industrial products sales ratio(percent)

=    The sales of industrial output value

The industrial output value at current prices

× 100 percent (Standard value 96, weights 13) (3.25)

 

When the asset-liability ratio exceeds 60 percent,the score of the rate

= Index value-not allowed value 100 ×12 (3.26)

60-Not allowed value 100

Th  e comprehensive index of industry economic benefi t 

= Σ [(reporting value of the indicator ÷ national standard value) 

´ weights] ÷ total weights

  5. GDP of industry

G  and i                 j a  represent the total output value in the electronic and communi-

m       m

cation equipment manufacturing industry of diff erent regions. 6. Th  e distance between two cities

S stands for the economic distance between two cities.

Here, Gaoruxi’s approach is adopted to calculate the economic distance, 

which is based on space distance. After two stages of corrections, the economic 

distance is obtained as follows:

E = αβD (3.27)

where

E represents the economic distance

D represents the space distance
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α is the correction weight in the fi rst correction (the correction weight of com-

muting distance), and its value is determined by city transportation conditions 

and β is the correction weight in the second correction t (the correction weight 

of the economic gap), and its value is determined by dividing the per capita 

GDP of the surrounding urban area by that of the core cities. Specifi c values 

are shown in Table 3.3.

After calculating the economic distance, the other cities are divided into 

four groups from short to long according to the economic distance; the greater the 

economic distance, the larger the team number. Finally the valued team number 

to discriminate the value E of economic distance in the city is evaluated. 7. Distance index

Q represents the actual traffi  c level calculated by comprehensive measure-

ments of the region. To simplify the calculation, q is taken as 1.

 

3.4.2.2  Results of Calculations

According to the characteristics of China’s economic development and geographical location, by using Formula 3.17, we could calculate the transfer capacity of technique of its communications equipment manufacturing industry. Th  e results are as shown in Table 3.4.

 

3.4.2.3  Analysis of Results

From the above calculation, it is clear that:

  1. After multiplying the comprehensive indicator of industry benefi t by the 

transfer coeffi  cient of production elements, the value of the two regions 

can be obtained; the diff erence between these values aff ects the capacity 

of technique transfer most. It can be concluded that transfer returns and 

development environment are the main factors which aff ect productivity 

transfer.

  2. In addition, the productivity transfer is aff ected by the industrial GDP, and 

the higher the degree of industrial agglomeration (higher the GDP), the more 

the attraction of the region to the productivity of other regions; in other 

words, productivity infl uences productivity transfer in China.

3.  For some underdeveloped regions like Shanxi and Anhui, besides accelerating 

the development of their own industries, they have to improve on optimizing 

the development environment, both in the software aspect (policy system) 

and hardware aspect (infrastructure) so as to attract technique. 4. Th  e impact of distance on technology transfer shows a falling trend in succes-

sive years, which, to some extent, shows that with improved traffi  c conditions 

in China, the eff ect of distance on productivity transfer is getting smaller and 

smaller.

74 䡲 Theory of Science and Technology Transfer and Applications 

 

Table 3.4  The Transfer Capacity of Technique for the Communications Equipment Manufacturing Industry in Some Provinces and Cities of China

Source 

Region 

Year    Anhui    Shanghai    Shanxi    Fujian     Chongqing

Destination

Anhui           2001             −128.9       0.1        −8.8          0.0

2002               −84.6       0.1       −12.6          0.0

2003              −224.1       0.1       −56.3          0.1

Shanghai        2001    128.9                 3.6       284.8          3.4

2002     84.6                   3.5       119.5          2.6

2003    224.1                  6.8      −716.4          9.0

Shanxi           2001     −0.1        −3.6                 −0.2          0.0

2002     −0.1        −3.5                  −0.5          0.0

2003     −0.1        −6.8                  −1.1          0.0

Fujian             2001       8.8      −284.8        0.2                       0.9

2002     12.6      −119.5       0.5                      0.8

2003     56.3       716.4       1.1                      5.8

Chongqing      2001      0.0       −3.4       0.0       −0.9

2002      0.0        −1.5       0.0        −0.8

2003     −0.1        −7.3       0.0        −5.8

Nanjing          2001    170.0      −673.5       1.4        30.8          0.5

2002    261.8       686.0       2.4        93.6          0.5

2003    251.4      −547.3       2.1      −167.0          1.0

Qingdao        2001      2.3     −110.1       0.5        −2.1         0.1

2002      8.1        28.6        1.5         9.6          0.1

2003      6.7      −193.8       1.3       −45.6          0.2

Haerbin          2001      0.0        −1.1       0.0        −0.1          0.0

2002      0.0        −0.8       0.0        −0.1          0.0

2003      0.0        −0.3       0.0         0.0          0.0
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Table 3.4 (continued)  The Transfer Capacity of Technique for the Communications Equipment Manufacturing Industry in Some Provinces and Cities of China

Source 

Region 

Year    Anhui    Shanghai    Shanxi    Fujian     Chongqing

Destination

Hangzhou       2001     12.8    −1677.5       0.3       −10.3          0.3

2002     56.4      2229.4       6.9       220.7          0.8

2003     98.5      4718.5      36.4        82.3           2.4

Nanjing     Qingdao     Haerbin     Hangzhou      Total

Anhui           −170.0         −2.3         0.0           −12.8        −322.7

−261.8          −8.1          0.0            −56.4         −423.4

−251.4          −6.7          0.0            −98.5         −636.8

Shanghai          673.5        110.1         1.1          1677.5         2883.0

−686.0         −28.6          0.8         −2229.4        −2732.9

547.3         193.8          0.3          −4718.5        −4453.5

Shanxi              −1.4         −0.5          0.0            −0.3           −6.1

−2.4          −1.5          0.0             −6.9           −14.9

−2.1          −1.3          0.0            −36.4           −47.9

Fujian               −30.8           2.1          0.1             10.3         −293.2

−93.6          −9.6          0.1           −220.7         −429.3

167.0          45.6          0.0            −82.3           910.1

Chongqing        −0.5        −0.1         0.0           −0.3          −5.2

−0.5          −0.1          0.0             −0.8            −3.8

−1.0          −0.2          0.0             −2.4           −16.8

Nanjing                         24.5         0.2           126.9         −319.2

19.6           0.4           −196.3           867.9

37.7           0.0           −625.0         −1047.0
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Table 3.4 (continued)  The Transfer Capacity of Technique for the Communications Equipment Manufacturing Industry in Some Provinces and Cities of China

Source 

Region 

Nanjing     Qingdao     Haerbin     Hangzhou      Total

Destination

Qingdao         −24.5                    0.0           −0.6        −134.5

−19.6                        0.1             −9.8            18.5

−37.7                        0.0            −30.5         −299.5

Haerbin            −0.2          0.0                       −0.1          −1.5

−0.4          −0.1                          −0.3            −1.7

0.0            0.0                            −0.1            −0.4

Hangzhou       −126.9         0.6         0.1                     −1800.5

196.3           9.8          0.3                          2720.7

625.0          30.5          0.1                          5593.6

 

5. Positive and negative transfer capacity represent the direction of productivity 

transfer; positive values show that there is the attraction, while the negative value indicates that there is a reverse transfer capacity.

  6. Technology  transfer  capacity  is  consistent  with  the  increasing  rate  of  local 

industrial GDP. With the increase in gross industrial output value, produc-tivity should improve and vice versa, which is consistent with the actual situation.

Technology transfer and consequent reorganization is inevitable with technology transfer. It is the inherent requirement for technological development. With the rapid development of technology and sustained openness of the entire economic system, various technology elements fi nd superior application, by means of trans-verse and vertical movements and reorganization in diff erent kinds of patterns. In the process of technology transfer and reorganization, the speed, scale, structure, nature, and the results diff er with the diff erences in economic conditions, absorptive capability of transfer mechanisms, and so on.




Chapter 4

 

Cost and Benefi t of 

 

Technology Transfer

 

Technology transfer has become the primary driving force behind the development of economy and the foundation of sustainable development in human society. Th e acquiring of profi ts plays a vital and basic role in technology transfer; the cost has to be paid essentially to acquire such profi ts. Cost is essential to reap benefi ts to some extent and obtain benefi cial opportunities regardless of whether such interest is predictable and whether it is direct. Under certain kinds of market and system arrangements, a mutually promotional cycle can take shape if satisfactory ben-efi t can be derived at some cost by optimal allocation of technical resources to proper fl ows of techniques, which speeds up the development of social economy. Otherwise, such anticipated goals can hardly be reached. It is an understanding of the cost and benefi t of technology transfer in a scientifi c way that can have a pro-found and practical impact on the rational transfer of technology.

 

4.1  Cost of Technology Transfer

4.1.1  Connotation of Cost

Th  e concept of cost is considered fundamental in economics. As objects and aspects studied may diff er, the concept of cost varies greatly in diff erent fi elds of study. In management accounting, cost is defi ned as resource that has to be sacrifi ced or abandoned in the pursuit of a fi xed goal; in fi nancial accounting science, cost is the price of obtaining assets. According to the principle of Marx’s political economics, 
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cost, being an important part of the commodity value, is considered the expense for labor, material resources, and fi nance in economic activities with the purpose of gaining certain goods. Th  e essence of cost is the sum of transfer values consumed in the process of production, in materialized and living labor.

In economics, the category of cost has been expanding radically with the emer-gence of management accounting in the 1920s, giving birth to various concepts such as project cost, responsibility cost, quality cost, capital cost, opportunity cost, sunk cost, and variable cost as well as constant cost. Since the 1950s, economics and society have been both diff erentiated and highly integrated, while the concept of cost has been generalized. On one hand, the economic concept of cost was intro-duced into many subjects and absorbed into them, on the other hand some useful ideas of cost from various subjects were absorbed into economics in return. As a result, a complicated system of these concepts was formed with the scope of cost enriched gradually and its extension expanded continuously. Th  erefore, the concept of cost cannot be rigidly defi ned scientifi cally as it is universal to every subject.

In general, cost is the consumption of resources, which can be denoted as money. In spite of this denotation, cost is by no means represented only by money and expenses. Various kinds of expenses in production and management activities can be considered as cost in the narrow sense along with the concept of “profi t.” Th  e concept of cost in the narrow sense can be measured in many ways for example in RMB100, ten computers, etc. Th  is can also be represented in currency as a fi nite amount.

In addition, there are costs that cannot be measured, such as the panic that results from unemployment and social turbulence because of infl ation. All these are part of the various expenses for a certain economic entity (including economic cooperation and natural person) with specifi c economic activities. Th  ese kinds of cost include not only actual expenses and loss already suff ered, but also various prices to be paid in anticipation. Th  e category of cost in the general sense comprises social cost, system reform cost, reform cost, opportunity cost, and transaction cost in the contemporary study of microeconomics.

 

4.1.2  Factors That Affect the Cost of Technology Transfer

4.1.2.1 Asymmetric Information

It  should  be  clear  that  technology  transfer  is  often  implemented  as  asymmetric information, which is a key factor in the technology transfer cost.

Asymmetric information denotes the information that is with the transferors (generally those who transfer technology out) and not with the transferees (those to whom technology is transferred). It is likely that the owners of information may deceive those who are ignorant or lack the information with their information superiority. In the process of technology transfer, the technology transferors who have information superiority have almost all the factors of technology transfer, 

Cost and Benefi t of Technology Transfer   䡲   79

 

while the technology transferees know little about the technology to be trans-ferred, placing themselves in the inferior position of obtaining information. In this case, information asymmetry occurs. Several constraints, attributable to the existence of such asymmetry for a long period of time, are confronted in the fl ow of information:

1. Existing technology level constraint

  It is quite common that the transferees of technology do not understand the 

core of the transferred technology thoroughly owing to the limit in their 

existing technology, talents, and levels of management. 2. Time-delay constraint

  On one hand, technology transferors are reluctant to transfer (transit) the 

newly developed technology at once; on the other hand, it takes time for the 

transferees to absorb key points of technology completely.  3. Constraint of technology transferors’ own interest

  Th  e value of technology is comparatively high, especially its privacy. On some 

occasions the transferors may deceive the transferees by their information 

superiority, by revealing only key points partly or exaggerating the eff ect of 

the technology.

  4. Constraint of information cost

  Cost is essential for collecting information, and increase in the cost makes the 

fl ow of technology impossible. Under such a constraint, transferees need to 

be fully aware of the technology transferred.

Th  e existence of these objective and subjective constraints may increase 

the risk of technology transfer.

 

4.1.2.2 Financial Benefi t

Financial benefi t is the most basic and important aspect of technology transfer, which aff ects transfer cost. Strictly speaking, economic cost is a concept with wide connotation in economics, including direct and indirect fi nancial benefi ts; calcu-lating it is a complicated task. Th  erefore, the fi nancial benefi t of technology transfer can be simplifi ed to the calculation of profi ts with taxation taken into account, being the most basic and important part after achieving technological progress.

Th e fi nancial benefi t can be determined on the basis of the levels of technology, 

quality, market competitiveness, and the ability to absorb technology. It can be also determined on the basis of the amount of investment and investment recovery period for the new tech applications and new goods investment as well as some recent economic and social environment factors.

Th  e predictions on fi nancial benefi t may vary greatly according to the diff erent 

views of both sides involved in the technology transfer, which requires negotiation from both sides with an objective attitude or even assistance of a third party, for example, evaluation by asset appraisal fi rms.
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4.1.2.3  Supply and Demand

Th  is factor includes two aspects, namely the supply–demand relation in the technol-ogy market and the materialization of such a relation in the commodity market. If the technology belongs to the buyer market, the technology transfer price is likely to reach the price expected by the buyer, and vice versa. For those who receive the technology transfer, their bidding for it and the price they off er depend mainly on the material products related to this technology, although the value in related technology market will be based on the supply–demand relation. If certain kinds of goods are in great demand, the technology closely related to them is bound to become popular, resulting in the rise of price. Similarly, if supply of certain goods exceeds their demand in the technology market, the prices of these goods may go down or even touch a low. Th  erefore, the fl uctuation of prices has a great impact on the variation of cost, while the cost of technology transfer is aff ected by supply and demand.

 

4.1.3 Classifi cation of Technology Transfer Cost

Although, it is harder to defi ne technology transfer cost compared to the similar attempt to defi ne cost, great eff ort has been made in this book to analyze technol-ogy transfer cost on diff erent aspects.

 

4.1.3.1  Direction of Technology Transfer

Th  e direction of technology transfer can be divided into technology transferred in and transferred out. Consequently, its cost can be naturally classifi ed as transfer-in cost and transfer-out cost.

 1. Transfer-in cost

  Transfer-in cost includes

■ Technology searching cost is the cost incurred in the search for developed 

technology to replace the technology that is immature or lacks elements that the owner is reluctant to research by himself, for example, the cost incurred for purchasing technical intelligence and outdoor exploration.

■ Technology importing cost includes cost of purchasing advanced tech-

nology from technology transferors, importing it through communica-tion channels such as academic conferences, exhibitions, and visits, and training personnel to use the new technology.

■ Cost of technology loss refers to the cost of training when the trainees fail 

to acquire or absorb new technology.

 2. Transfer-out cost

  Transfer-out cost includes

■ Technology transition cost refers to the cost incurred in the process of 

transferring part or all of the technology obtained by transferors to others to gain more profi ts.
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■ Market segmentation cost arises when the transferors and transfer-

ees compete in the development of technology. As a result there is a  division of the market for the transfer of technology, which aff ects the amount of profi t although the leading position of the transferors stays unchanged.

■ Talent supplement cost is incurred when new talent is sought, out of a 

fear of greater loss, to fi ll the vacancy created by some talented people who leave. In such a situation, the cost may increase when new suit-able talent is acquired through headhunting companies and the mass media.

■ Talent attracting cost is incurred when newly recruited talent follows a 

trend of leaving soon after joining. To retain and attract fresh talent, some incentives such as pay rise and increased welfare measures will lead to increase in cost.

■ Cost of information loss is the result of people who leave their organiza-

tions taking away their project and technology knowledge acquired in the organization, as the passing of such knowledge to other organizations may lead to a great loss.

 

4.1.3.2  Factors of Technology Transfer

Technology transfer cost can be divided into the cost of technology talent transfer, cost of technology transfer, and cost of technology carriers.

Th  e cost of technology talent transfer refers to all the expenses involved from 

the beginning of the talent transfer (voluntary and involuntary) to the actual sub-stitution by companies, including the tangible cost which occurs when new talent is acquired (for example, the expenses of advertising, interview, and training, etc.), and the intangible cost which has little or no direct link with actual expenditure (for example, management expenses, decrease in labor effi  ciency, etc.).

Th  e technology transfer cost can be considered from two points of view—of 

the transferors and the transferees. In the view of the transferors, their cost mainly comprises the cost of developing new technology plus the cost of this failure, the cost of the technology transfer, and the cost of training, guidance, and maintenance after the transfer. It should also consider the loss of interest due to the division of market share after technology transfer if such transfer takes place in some related companies. In the view of the transferees, the cost includes the transaction prices while transferring, opportunity cost brought about by the transfer, and expenses during the process of circulation.

 

4.1.3.3  Willingness in Technology Transfer

From the point of view of whether technology transferors are willing to make the transfer, technology transfer cost can be classifi ed as voluntary cost and involuntary cost.
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Voluntary cost refers to the cost resulting from the decline of profi ts because of expenses for propaganda on the transferors’ advanced technology with the inten-tion to improve sales and infl uence. Th  is leads to the loss of their monopoly status after others’ imitate their technology, resulting in the segmentation of their market share. In general, it is important that transferors ensure that the anticipated benefi t of such transfer will outweigh this cost considerably.

Involuntary cost refers to the cost resulting from the loss of market share and leading status of the transferors who monopolize the advanced technology market and are reluctant to transfer but are obliged to release or transfer part or all of the technology in consideration of the overall interest, limits of policies, and other irresistible factors. It also includes the cost resulting from the loss of market share because their talents and technology are taken by others.

 

4.1.3.4  Nature of Technology Transfer

Two kinds of benefi ts namely explicit benefi t and implicit benefi t occur in the trans-fer of technology. Similarly, technology transfer cost can be divided into explicit transfer cost and implicit transfer cost.

Explicit transfer cost includes expenses paid in the process of transfer, such as the expenses incurred in the search for the right talent and relevant technology, the expenses of training and transactions, etc.

Implicit  transfer  cost  includes  the  loss  of  customers,  change  of  environment, decline in organization effi  ciency, increase in the number of competitors, the loss of commercial opportunity, etc.

 

4.1.3.5  Participants of Technology Transfer

Considering the participants of technology transfer, technology transfer mainly involves enterprises (or industries) and governments; the cost can be classifi ed as enterprise (or industry) transfer cost and government transfer cost.

In the mechanism of the market, technology transfer is driven by economics. Technology transfer is, in some sense, a kind of reaction to the search for  better interest  opportunities  and  bigger  economic  space  when  part  of  the  technology works in the market mechanism. Companies in search of interest and domination in technology transfer must pay the cost for their transfer, including transaction cost, opportunity cost, circulation cost, etc.

Th  e entire local society is keenly interested in technology transfer, which brings about indirect benefi t especially social benefi t to it. Th  is kind of benefi t, which is beyond the anticipation of enterprises (industries), is obtained when governments pay  the  cost.  Government  cost  includes  actual  expenses  that  propel  technology transfer and expenditure used for several kinds of policies. In addition, it covers all kinds of implicit cost in economy and ecology used for government behavior and decision-making.
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4.1.4  Nature of Technology Transfer

4.1.4.1   Typical Irreversible Investments Partly 

Belonging to Capital Cost

It can be demonstrated that technology transfer cost partly belongs to capital cost in view of the investments on various kinds of equipments and facilities in the production system. Th  e capital feature of technology transfer cost can be better described as the acquisition of knowledge or skills. For instance, to master a kind of foreign language, individuals should spend money on textbooks, hiring tutors and some initial investments which are irreversible such as time and eff ort spent in the study of the language. Although such investment in the study can be transferred to others in some forms, these investments will still be considered as personal invest-ments that cannot be transferred out totally.

 

4.1.4.2  Cost Variation in Different Domains and Aspects

Obtaining technology in an uncertain domain is more expensive than in a com-paratively  familiar  domain.  People  with  the  same  experience  or  in  the  same industries,  as  cited  by  Adam  Smith,  tend  to  exchange  information  with  each other more easily and eff ectively compared to those without the same experi-ence  or  in  diff erent industries. People with the same experience basically have the same information cost since they share the direction of information invest-ment, whereas those with diff erent experiences have diff erent costs in obtaining information.

 

4.1.4.3   Technology Transfer Cost 

and Nonlinear Variation of Benefi t

Th  ere are certain links where nonlinear between-technology transfer cost and tech-nology transfer benefi t. Apart from the technology cost, the benefi t of technology transfer is infl uenced by many factors in the process of production. Moreover, tech-nology transfer brings about not only expected benefi t for transferees but also the promotion of technology in the entire industry and local areas.

 

4.1.4.4  Nature of Shift in Technology Transfer Cost

Many types of technology, where the cost is borne by all the citizens, are public in nature. However, the products and services of technology shared by the same tax payers may diff er, for example, some of them who do not share the technology have to pay the tax whereas some others who share the technology pay little or even nothing.  It  is  diffi  cult to calculate technology transfer cost exactly owing to the wide outreach of its concepts and its combination with other concepts.
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4.2 Benefi ts of Technology Transfer

4.2.1  Connotation of Benefi t

Th e word “benefi t” denotes eff ect and interest in Chinese. Eff ect is the result  (usually good result) of certain power, actions, and factors, while interest refers to certain profi ts which can be divided into material interests and spiritual interests. In general, the concept of interest is related to increase, profi t, and development.

Th  e concept of benefi t has always been controversial. Th  ere is a point of view accepted by the majority that benefi t refers to the comparison between input (or cost) and output (or gain). Even though accepted by the majority, this is far from accurate. As a matter of fact, the interest can be interpreted in several ways, an integration of meanings at diff erent levels. Th  e following defi nitions are some interpretations:

1. In general, benefi t refers to the comparison between input (cost) and output 

(gain). Th e benefi t is good when less is spent on input and much is gained as output; and vice versa.

 2. Th  e concept of benefi t is relative and can be measured by quality and quan-

tity. Th  e quality measure refers to the comparison of the quality of the input and output whereas that of quantity measures how much output (gain) with how little input (cost).

 3. Benefi t is regarded as the integration of effi  ciency, utility, and eff ect.

According to the above interpretations, interest can be divided into two forms of the absolute and the relative benefi t, namely

Financial benefit  output (gain) input (cost) = −

or

Financial benefit = output (gain) input ( cost) /

 

4.2.2  Technology Transfer Benefi t

Chinese scholar Chuanqi He divided the benefi t of a system into four parts, namely direct, indirect, economic, and social benefi t, which is illustrated in Figure 4.1.

Th e benefi t of economic activities can be classifi ed as direct and indirect  benefi ts based on the direct economic results in activities of the system. Direct benefi t refers to the fi nancial  benefi t which is the result of economic activities and obtained immediately after these activities, whereas indirect benefi t is the fi nancial benefi t which is gained under the impact of economic activities. Technology is bound to have a huge impact on the regions where technology is transferred and on the  process in industries in the region. Consequently, fi nancial benefi t can be classifi ed 
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Figure 4.1  System benefi ts.

 

as practical and social fi nancial benefi t which refl ects the improvements in person-nel techniques and employment.

In  the  market  mechanism,  technology  transfer  is  driven  by  economics. 

Technology transfer, in some sense, can be regarded as a kind of reaction for better interest opportunities and economic space when part of the technology functions in  the  market  mechanism.  As  technology  transfer  is  related  closely  to  economy, enterprises or industries place emphasis on improvements in competence and effi  -ciency, which results in unexpected indirect benefi ts, especially social benefi ts. It is local societies that gain advantage from these two kinds of interest whose cost is naturally paid by governments.

 

4.2.3  Relation between Technology Transfer 

Cost and Its Benefi t

Technology transfer cost is discussed here to compare it with its benefi t, that is, the expense incurred for technology transfer is for gaining benefi t from it.

Technology transfer cost and its benefi t, being inseparable, are two basic aspects 

in the study of technology transfer economy. Th  ere are several relationships that follow:

1. Mutual causality between technology transfer cost and benefi t

  Technology transfer involves two sides and can be regarded as cost to one 

side and benefi t to another. In addition, when it comes to the transfer of 

oligarchic and nonoligarchic technology, the cost of oligarchic technology 

transfer can convert into nonoligarchic interest; and vice versa.
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 2. Th  e contradiction between technology transfer cost and benefi t

  Technology transfer benefi t is a function of its cost, with cost being the inde-

pendent and interest the dependent variable, wherein lies the contradiction. Although the benefi t may increase with the increase of input in some situ-ations, as cost rises continuously, the benefi ts decrease and the effi  ciency of cost utilization drops or even negative correlation occurs. Th  erefore, the rela-tion between the two should be studied in greater depth to optimize the utilization of cost before technology transfer.

 3. Th  e connection between technology transfer cost and benefi t

 Technology transfer cost and its benefi t cannot be studied in isolation. 

Transfer cost alone can only refl ect the value amount for transfer, for exam-ple, the value of technology A is RMB 300K and that of technology B is RMB 200K. It is hard to decide, on the basis of only the technology transfer cost, whether RMB 100K more should be spent on technology A rather than B or whether it is reasonable to expect that technology B can save RMB 100K more than technology A. Th  erefore, technology transfer benefi t should also be taken into account. Similarly, it is impossible to study technology trans-fer benefi t without its cost because on one hand, the value of transfer cost, being a dependent variable, cannot be calculated without its cost which is an independent variable; on the other hand, it will be of little use and a waste of limited resources if the benefi t is marginal and if the increase of such benefi t is based on its cost on a large scale.

  4. Fuzziness of technology transfer cost and benefi t

  Th  e fuzziness of transfer benefi t can be inferred from an evaluation of the 

achievement value resulting from the spillover of technology transfer, such as improvement in employment, in the level of labor skills, and in the upgrade of knowledge level, all of which can hardly be valued in money. At the same time, this fuzziness can be reckoned by experts in diff erent  departments from their perspectives. It can also be refl ected in many more aspects which include not only the uncertainty of technology transfer, such as the level of absorption and transition in the process, but also uncertainties of resource consumption and sense of identity by diff erent people. Consequently, the fuzziness can be seen from the perspectives of both technology transfer cost and its benefi t.

 

4.3  Measurement of Technology Transfer 

Cost and Benefi t

Th  e technology transfer cost and benefi t vary in their technical factors but agree in the way of measurement. In this chapter, transfer cost and benefi t measurements are illustrated with the example of technology talent and production techniques (in the sense of craft).
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4.3.1  Measurement of Technology Talent Transfer

Th e cost of technology talent transfer involves all the expenses in the process from the occurrence of talent transfer (voluntary or involuntary) to the substitution of the talent by managers; this can be studied in two aspects.

With regard to technology talent, the transfer cost involves transfer expenses 

(contract breaking fees, commission charge, part of re-employment training expenses  paid  by  trainees,  income  loss  due  to  the  constraint  of  time  during  the transfer, migrating fees due to transfer to a diff erent place), loss of formal social capital (the relationship established in the formal workplace), family pressures the lack of support from families and relatives), and psychological pressure the loss of being identifi ed by organizations).

As far as enterprises are concerned, the transfer cost of technology talent includes 

tangible and intangible costs. According to the survey made by the American Management Associations (AMA), the cost of one substitution for an employee, which involves the cost from the beginning of the talent transfer to the end of sub-stitution, makes up at least 30 percent of his or her annual salary and 1.5 times or higher in positions that are in short supply of skilled employees. Th is phenomenon can be explained not only by tangible cost, which occurs directly during talent substitutions including the expenses of advertising, interview, and training, but also by the intangible cost, which has little direct link with fees actually paid and generally includes management expenses and the decrease in labor effi  ciency. Th e talent transfer cost is illustrated in Figure 4.2.

 

Talent transfer cost 

 

Tangible cost                                      Intangible cost 
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Figure 4.2  Cost analysis on talent transfer.
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4.3.1.1  Cost Evaluation Model of Technology Talents

Whatever the reason, technology talent transfer occurs when there is a certain dif-ference between self expectation and actual gain or when their talent cannot be exploited completely.

Th  e value of self expectation is assumed to be V , which mainly refl ects  the 0 demand for salaries and privileges. In modern societies, however, infl uenced  by many factors such as constraints from outer environment and improper decision-making, the value of self expectation cannot be realized completely. Th  e value real-ized can be assumed to be V ; in this case, the diff erence between V and V can 1 0 1 represent the psychological drop, which is denoted as Δ V (shown in Equation 4.1)

Δ = V V0 −V1 (4.1)

Obviously, it is possible for talent to be transferred when Δ V > 0, which is the prem-ise of this transfer. Δ V is highly related to the anticipations of talent. Even when the talent is well realized, namely V 1 is large enough, such transfer still occurs as these talents have high expectations so that Δ V > 0 still exists.

On some occasions, such transfer may not occur even when Δ V > 0  exists. According to the economic-person hypothesis, these talents should consider not only possible interest V 0 (assuming all the values can be realized after the transfer) but also the cost. Th  e transfer only occurs when the interest surpasses its cost.

Assuming the expected interest after transfer is V ′ and the possibility of  success in the transfer is P, according to the formula of expectancy theory (Victor H. Vroom), M (motivation) = V (valence) × E (expectancy), the formula of talent trans-fer motivation can be expressed as in Equation 4.2.

M = F V ( ′ × ) P (4.2)

Th  e  motivation  of  talent  transfer  results  from  the  subjective  decision-making  in the form of the product of V ′ and P. Th  e transfers are unlikely to be made if these talents are not confi dent of their eff orts (namely the possibility of transfer is little) even if the incentives are great. Th  e desire for transfer can be strong only when V ′ and P are considerably high, which will assure that M is high enough.

C denotes the talent transfer cost, as mentioned above, including the transfer expenses, formal loss of social capital, family pressure, and psychological pressure. Th  e relative cost-benefi t ratio of talent transfer can be expressed by Equation 4.3 if motivation M and cost C are given,

R = M C / (R > 0) (4.3)

Th  e talent transfer occurs only when R > 1  and Δ V > 0 simultaneously. Th  at is to say, when the talents are improperly used the will to transfer arises and the benefi t of such transfer surpasses its cost, only then can the talent transfer take place in essence.
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After roughly estimating the range of transfer cost according to whether talents 

choose to transfer, it is clear that C < M, which is shown in Equation 4.4.

 

C < F V ( ′) * P (4.4)

 

4.3.1.2  Enterprise-Based Cost Measurement Model

As mentioned above, there are not only tangible but also intangible costs dur-ing transfer of technology between companies. Th  e methods of calculation vary due to their diff erent natures. In this case, the separating aggregation method is applied here, which means measuring tangible costs with direct calcula-tion fi rst, then evaluating the intangible cost by fuzzy evaluation method, and aggregating the costs.

1. Calculation of tangible cost by the additive method (T )

  Organization cost (O ′) Th  is  refers  to  the  loss  of  value  during  examination 

and employment, selection, transfer to new posts, including position analysis, 

compilation integration, personnel demand forecast, and operation costs of 

register notice, qualifi cation check, exams, physical examination, assessment, 

public summons, and appointment.

■ Separation cost (S ′). It includes negotiation-transferring cost (expenses of 

face-to-face conversations with talents that are to be transferred), mana-gerial  cost  in  relation  to  transfer  (managerial  expenses  in  dealing  with talent fi les, salary, and welfare), and transfer cost (subsidies paid to talents who are to be transferred).

■ Vacancy cost (V ′). It refers to expenses related to a temporary position 

vacancy caused by the transfer, such as overtime pay, expenses paid as sal-aries to temporary employees, outsourcing fees, and expenses for supervi-sion and work rearrangement.

■ Replacement cost (R ′). It includes the fees for processing related informa-

tion, time cost of supervising staff , and performance diff erences between new and old employees.

■ Training cost (Tr′). It includes expenses in adjusting to the new position, 

skills training cost of new technology talents (such as on-the-spot train-ing, training before employment, and vacancy studies).

Th e tangible cost of technology talent transfer in companies can 

be computed if all the fi ve kinds of cost are put together, as shown in 

Equation 4.5.
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  2. Calculation of intangible cost by fuzzy evaluation

  Because the fuzziness can be refl ected in the loss of knowledge skills, down-

turn in productivity, and organization effi  ciency as well as loss of customers, the intangible cost can be valued by means of fuzzy evaluation. Th e proce-dural details are shown as follows:

■ Th  e establishment of a panel. Th  e panel can be formed by experts from 

outside and internal staff  from diff erent hierarchies.

■ Determination of fuzzy evaluation factor set U ⋅ U = [the loss of knowl-

edge skills, downturn in productivity and organization effi  ciency, loss of customers, increase in the number of rivals, deterioration in brand repu-tation, deterioration in quality, loss of business opportunities].

■ Determination of evaluation level set V ⋅ V = [very important, important, 

slightly important, ordinary, and not important].

■ Evaluation of elements in the set U according to the comments in the set 

V made by the panels.

  Fuzzy matrixes in refl ection of the fuzzy relation between U and V aid in the 

calculation.

■ Th  e weight allocation set A is determined by rating the importance of ele-

ments in U after discussion by panels. It should be emphasized that the total of all the weights is 1.

■ Fuzzy evaluation models and comprehensive evaluation is established as 

B on all the elements.

■ Fuzzy transformation is B = A × R ⋅ B denotes comprehensive evaluation 

results on the elements of set V.

■ Th  e comprehensive evaluation levels of factors in the intangible cost can 

be made with these steps above. Th  ereafter, the ratio of the intangible part in the total cost can be made by quantifying these levels with the panels. Finally, the estimated value of the intangible cost (I) can be made.

  3. Summarizing cost of technology talent transfer in business

  Th  e total cost of technology talent transfer can be made by putting the tan-

gible and intangible cost together as in Equation 4.6.

 

TC T = + I (4.6)

 

4.3.1.3 Example Study

Assuming a technology talent, considered as technical talent, is transferred from company A to B, the transfer cost indices are shown in Table 4.1 (the unit is RMB in thousand). In this case, the cost of technology talent transfer can be estimated from the point of view of the enterprise.
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Table 4.1  Tangible Cost Indices 

in Technology Talent Transfer

O′      S′      V′       R′       Tr′

1       3      30      100      4

According  to  Equation  4.5,  the  tangible  cost  of  technology  talent  transfer  is 

expressed as follows:

T = ′ + ′ + ′ + ′ + ′ = O S V R Tr 138

Th  en, the intangible cost of technology talent transfer can be calculated with the fuzzy evaluation method provided the sets U and V mentioned above are given.

Th  e fuzzy matrix R can be created after evaluation of all the elements in U with 

reference to comment set V by ten members of the staff , in the company, who are familiar with the talent.

⎡0.4 0.3 0.2 0.1 0.0 ⎤

 

⎢                                         ⎥ 0.0 0.0 0.1 0.4 0.5 ⎢ ⎢ 0.1 0.4 0.4 0.1 0.0 ⎥ ⎥

R ⎢0.0 0.1 0.2 0.5 0.2 ⎥ = ⎢

⎢                                         ⎥ 0.0 0.0 0.0 0.3 0.7 ⎢ 0.1 0.1 0.6 0.2 0.0 ⎥ ⎢                                         ⎥ 0.1 0.3 0.3 0.2 0.1 ⎥ ⎢0.0 0.1 0.1 0.2 0.6 ⎥ ⎣ ⎦

Th  en, the fuzzy transformation B = A × R can be made by confi rming the weight allocation set A = [0.15 0.05 0.05 0.15 0.05 0.25 0.20 0.10]

B = [0.090 0.155 0.185 0.260 0.310]

 

⎢ ⎥ 7 ⎢ ⎥ ⎡ ⎤ 9

I = 100 × × = B V 100 × [0.090 0.155 0.185 0.260 0.310]× 5 = 391 ⎢ ⎥

⎢ ⎥ 1 ⎣ ⎦ ⎢ ⎥ 3

After discussion with the panel, the ratio of the intangible part to the total cost can be made by proper quantifi cation of evaluation levels. Th  e intangible cost I can then be obtained.

Th  erefore, the total cost here is TC = T + I = 138 + 391 = 529 (thousand RMB) 92 䡲 Theory of Science and Technology Transfer and Applications 

 

4.3.2  Measurement of the Cost of Production 

Technology Transfer

Th  e transfer cost of production technology varies in relation to the two parties of production technology.

 

4.3.2.1  Factors That Affect the Transfer Cost

 1. Th e benefi t obtained by the production technology

  Th  e most important benefi ts  from  production  technology  transfer  are  the 

economic and the social benefi ts, which are brought about by the transfer; the transfer cost must depend on use-value of the technology. Furthermore, production technology transfer cost depends mainly on the anticipated ben-efi t when it has been transferred, comprising the higher labor productivity, improvement in product quality, saving of resource consumption, and cost saving level, all of which result from the technology transfer; the life cycle of product reform and market share after the development of the new product; improvement in business management, product market, managerial environ-ment, the increase of enterprise vitality, safeguards, etc. Th  e quantitative val-ues of direct and indirect benefi ts can be deduced by these predictions.

  2. Cost of research and development

  Th  e cost of research and development of the new technology by transfer-

ors includes direct and indirect benefi ts. Direct benefi t comprises material cost, specialized equipment expenditure, labor cost, peripheral cooperation fees, training and advisory fees, labor protection necessities, transport and storage, technical archive management, bank credit and so on, whereas indi-rect benefi t comprises the management fees, fi xed assets in the process of technology development (e.g., depreciation expense of equipments, factories, and instruments and related public facility expenditure).

  3. Corollary investment after production technology transfer

  Because the technology products are high in specifi city, the equipments of 

transferees, their manufacturing process and production scale should match the technology transferred to be well used. Th  ese investments include modi-fi cation of old equipments, expenses incurred in purchasing corollary facili-ties, purchasing production sites, and construction of new factories, and employing and training fees. In case the trend of profi t increase remains unchanged, more corollary investments are made leading to increase in total investment, and higher risks, which in turn aff ects transfer cost of production technology.

 4. Th  e license of production technology transfer

  Th  e license of production technology transfer can be divided into fi ve kinds. 

(1) Exclusive license, which means transferees share the right of obtaining techniques in the contracts exclusively in the fi xed period and area where 
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transferors and third parties have no right to produce and sell goods with 

these techniques. (2) Sole license (mono-license), which means transferees, as 

well as transferors, rather than third parties, share the right to manufacture 

or sell using techniques permitted in the contract during the fi xed period 

and in some specifi c area. (3) General license, which means transferees as 

well as transferors can not only have the right of using the techniques men-

tioned in the contract but also transfer them to third parties during the 

fi xed period and in some specifi c area. (4) Affi  liated license, which can also 

be classifi ed as sub license or transferable license. Affi  liated  license  means 

that transferees can earn money from the techniques transferred by signing 

contracts independently with third parties in some fi xed period and in some 

specifi c area. (5) Cross license, which means both the sides, transferors and 

transferees, can get access to the techniques of their counterparts by signing 

contracts. Th ese fi ve kinds of transfers are accompanied by their respective 

kinds of cost.

5. Expenses of production technology transfer

  Transfer fees refer to all the expenses paid by transferees in signing and exe-

cuting the contracts, which include fees for feasibility study such as installa-

tion, debugging, training, and market exploration; travel and managerial cost 

during negotiations such as fees for accommodation and commuting; some 

legislation expenses such as fees for treaty consulting, review, and registration; 

other expenses concerned with executing contracts such as entertainment 

expenses for inviting transferors and commission charge for agents. Th ese 

expenses vary in size depending on the complexity of projects and period of 

negotiations as well as the contracts.

  6. Advancement and maturity

  Th  e advancement of production technology is an important criterion for 

transfer, which can be placed at diff erent levels—of having originated in 

the outside world, being a leading technology worldwide, of having origi-

nated domestically, and being a leading technology domestically. Th e more 

advanced the technology products are, the larger the quantity of condensed 

social labor will be, and the more it will be diffi  cult to research and imitate 

the technology resulting in fewer rivals and higher prices.

Th e benefi t and risk of investment varies with the degree of maturity in 

the technology, which means the factors of prices in production technology 

varies with the degree of development and technical maturity. In general, the 

maturity of technology products may result in lower risk for the transferees, 

shorter investment periods, less capital burden, and increase in their cost.

7. Life span of production technology and stages of technology in the span

  As the life span of technology diff ers, the cost allocated annually is high for 

techniques with a short life span, and vice versa. Th  e technology may go 

through three stages in its life span, namely the growing, the mature, and 

aging stages. Th  e techniques decrease with time.
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  8. Supply and demand in technology transfer market

  Th  is factor can be reviewed from two sides—one being the supply and demand 

relationship in the technology market, the other being the  relationship in the materialized commodity market. As for the transferors, the materialized products are the deciding factors to buy technology products and to deter-mine the prices. Th  e law of value works by the supply–demand relationship in the materialized product market.

 9. Th  e amount of information acquired by both sides of the transfer

  In general, transferees have little knowledge of the technology and the market 

and are uncertain about the economic benefi t that will result from the trans-fer. Th  e bidding prices may be reasonable if the transferees have the necessary knowledge and related information and are effi  cient in the absorption of the technology. On the contrary, the bids may be blind if the transferees are uncertain about the economic benefi t that will result from the transfer. Only complete awareness of the standard and the performance of the technology products can help them make a reasonable bid.

 10. Th  e risk of production technology

  Th  e risks of production technology arise from the comprehensive eff ect of all 

the price factors as well as others. Th  ese factors include amount invested in the production technology transfer, the investment recovery period, the techno-logical maturity, management and operation after the transfer, the understand-ing of the transferees of the technology, information on the redevelopment, the start, operation, and share of market after transferring to productivity, and the number of competitors. Th  e operative conditions, the technical and economic life span of the production technology, and the mode of payment for the price of technology are also taken into account.

  11. Industry codes, international practice, and other factors

  Th  ere are some codes and practices on the transfer fees in diff erent depart-

ments and products worldwide, shown mostly as the royalty rate. For example, the royalty rate in pharmaceutical technology is 10 percent to 15 percent, that on necessities being more or less 2 percent. Th  ese codes and practices may have a considerable impact on the cost of production technology transfer

 

4.3.2.2  Transfer Cost Estimation Model for Transferors

According to the analysis above, the transfer cost for transferors is shown by Equation 4.7.

 

C   C d + Co1 + P c1 = fo + αβ SY l m                 (4.7) n (1 − p 1 )

Cost and Benefi t of Technology Transfer   䡲   95

 

where

C (C    C    ) is the transfer cost for the transferors fo fo = fl owout

Cd (Cd = Cdevelpment and research) is the technology research cost, if the research period 

extended for more than a year, the cost should be translated into cost  during 

the transfer, as C d = C (1 i)k                … 0 + + C (1 i) k−1 1 + + + C , ( C , C ,…,C ) being the k 0 1 k

cost before the transfer

Co1 (Co1 = C opportunity1) is the opportunity cost of development for this technology

P (P    P      ) is the cost for the transferors for transferring the technology, c1 c1 = currency1

such as peripheral cooperation fee, advisory fees, transport and storage fees as 

well as the cost of using public facilities

n is the excepted transfer times

p is the development risk rate of this technology 1

S is the production technology market capacity coeffi  cient, 0 ≤ S ≤ 1

α is the monopoly coeffi  cient

β is the production technology contribution rate for acquiring profi ts

Y is the sum of increased benefi t estimated after transfer m

l is the equivalent coeffi  cient of production technology outcome period, l = ratio of 

commercial period of prediction/legal patent protection period of outcome

 

4.3.2.3   Measurement Model of the Transfer 

Cost for the Transferees

According to the analysis of transfer cost for the transferees, the transaction prices of the transfer should be studied fi rst. Th  e transferors take into account the market situation of supply and demand for the two sides at this time, as well as the stage in the production technology’s life cycle, to determine a profi t-sharing coeffi  cient r, and the necessary tax rate t, and the transaction price for the two sides can be shown as in Equation 4.8.

P b = + ⋅ (1 r C )fi ⋅ + (1 t ) (4.8)

It can be seen that the transfer cost of transferees is given by Equation 4.9.

 

C   P b ⋅ + δ + (1 ) Co2 + P c2 = fi                    (4.9) 1 − p 2

Th at is

 

C = (1 + ⋅ r C )fo ⋅ + (1 t )(1 + δ + ) Co2 + P c2 fi (4.10)  1  −  p  2
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where

C (C    C     ), is the transfer cost of transferees fi fi = fl ow into

δ is the disparity factor of technology between the transferor and the transferee, 

when the transferred technology is not the same kind as the transferor’s lead-ing technology

C (C    C        ) is the opportunity cost of transfer in this technique o2 o2 = opportunity2

P c2  (Pc2 = Pcurrency2) is the cost of transferring technology, such as peripheral 

cooperation fees, advisory fees, transport and storage fees as well as the cost of using the public facilities

p is the risk rate of developing this technology 2

 

4.3.2.4 Case Study

Assuming that a production technique fl ows from one part to another, the specifi c number is shown in Tables 4.2 and 4.3 (funds unit: RMB in millions), the transfer cost between the infl ow part and outfl ow part in these conditions can be calculated.

It can be seen from Equations 4.1 and 4.2 that the cost paid by transferors and transferees for technology transfer are respectively

Cfo = (Cd + Co1 + P c1 ) [ /n(1− p 1) ]+ αβ SY l m = 238.75ths.

C fi = [ (1 + ⋅ r C )fo ⋅ + (1 t )(1 + δ + ) Co2 + P c2 ] (1− p2 ) 375.58ths. =

 

4.3.3  Measurement of Benefi t in Technology Talent Transfer

4.3.3.1 Benefi t of Technology Talent Transfer

In a narrow sense, the benefi t of technology talent transfer may involve “transfer benefi t of talent (in groups) resources” and “benefi t of talents (in individuals).” Th e former one is used in macro studies while the latter is used in micro studies.

 

Table 4.2  The Transferor’s Cost Consumption Indicators

Cd   Co1   Pc1   n    p1     S     α β    Ym    l

10    2    1.6   1   0.15   0.7   0.3   0.5    30   1.5

 

Table 4.3  The Transferee’s 

Cost Consumption Indicators

r        t       δ      Co2     Pc2      p2

0.15    0    0.2    1.5    2.1    0.1
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Th  e technology talent transfer refers to not only the transfer of talents, but also, 

in the sense of knowledge fl ow, the transfer of knowledge, technology, and creative ideas. In view of the economic growth, the transfer of talents obviously promotes the development of market economy and economic growth.

Th  e greatest function of talent transfer lies in the way of knowledge transfer. It 

is the talents that transfer their knowledge and release their techniques, resulting in the improvement of knowledge in social organizations, the creativity during the transfer, and the continuous fi nancial benefi t by the application of techniques. Such benefi t in talent transfer is brought about by the creation and appreciation of knowledge fl ow in essence accompanying the transfer, which can in essence be the actual meaning and value of talent transfer.

In this case, the benefi t of technology talent transfer is defi ned as new economic 

and social benefi ts caused by its appreciation in the case of knowledge innovations by talents and technology applications in the process of orderly transfer in talent resources.

Th  e main benefi ts of technology talent transfer include

 1. Direct benefi t which is the sum of the diff erences between the formal salary 

and new income of each of the employees’ in their new occupations. 2. Indirect benefi t which refers partly to the savings in employees’ expenses 

owing to the conveniences in the new working environment, such as advanced 

utilities.

 3. Psychological benefi t which includes noneconomic utilities due to the altera-

tion of positions, such as an ideal working environment, rise in social status, 

and the reunion of families.

4.3.3.2   Measurement Model of the Benefi t 

in Technology Talent Transfer

By analysis of the Cobb–Douglas function, the economic growth factors due to the increase in talent capital can be separated to study the change in the economic increment caused by talent transfer.

In  this  case,  the  Cobb–Douglas  function  of  economic  growth  in  a  certain 

region is shown in Equation 4.11.

Y     α β = AK L (α + β = 1)                   (4.11)

where

Y denotes output

K denotes capital input

L is labor input

A denotes technology status

α is output elasticity of capital
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Th  is is a linear homogeneous function, which is constant in returns to scale. Th is equation shows that the output is determined by three main factors, namely capital input, labor input, and technology status.

By separating increments in the Cobb–Douglas function, the fi nancial benefi t of talent transfer (FY) can be calculated as follows:

 

FY     ΔL i   ΔYi = β i × ΔYi                   (4.12) L i − 1 Y i − 1

 

Th  e premise of this model is

1. Technology talents transferred from the same region are homogeneous. 2. Th  e capital of technology talents vary from region to region. 3. Th  e talents transferred are made good use of. 4. Th  e user benefi t of talent transfer can be shown one year after the transfer due 

to the time-delay of talents’ eff ect.

 

4.3.4  Measurement of Benefi t in Production 

Technology Transfer

Compared with other transfers of production factors, the production technology transfer plays an even more important role in the economic growth of one nation or region. In developed countries, the economic growth depends on breakthroughs in technology, which contribute 70 percent of the growth, and the effi  cient applica-tions of technical achievements. Even in developing countries, the economic growth increasingly relies on breakthroughs in technology and effi  cient applications.

 

4.3.4.1 Benefi t of Production Technology Transfer

Th e benefi t of production technology transfer refers to the eff ects on instruction, promotion, development, and growth of domestic economies, which indicates the impact of technology transfer on economic value.

Th  e establishment of the process of technology fl ow and improving the technol-ogy transfer effi  ciency are rather critical issues and important reference points for technology transfer policy-making.

In the early years of international technology transfer, many countries made too many unilateral decisions to protect their initiatives during the transfer in the interests of their own economies. Th  is  resulted  in  the  blocking  of  technol-ogy fl ow. However, the transfer process in recent times has been well regulated by mature international legislations even while the freedom of transfer fl ow is well guaranteed.
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Th  e technology carriers can be protected in diff erent forms such as patents, 

copyrights, transfer and warrant of license, transfer of human resources, and merg-ing or separation of diff erent technology fl ows, which have a direct link to the fi nal results of technology transfer. Th  e application of technology fl ow can aff ect the effi  ciency of transfer signifi cantly.

It  should  be  noticed  that  a  large  amount  of  technology  transfer  is  achieved 

by means of informal technology fl ow, such as publication of archives, transfer of technical employees, etc. On one hand, these means of transfer are low in cost and well absorbed, resulting in high transfer effi  ciency; on the other hand, transferees can not only receive all the techniques passively, but also absorb some of them selec-tively and develop on those chosen thereby improving the transfer benefi t.

 

4.3.4.2  Measurement of Production Technology Transfer

Production technology and technology fl ow are closely related. Technology relies on the transfer, introduction, transmission, and trade among entities at diff erent ranges and levels, constituting a complex “technology transfer network.” Technology transfer entities, techniques, and technology fl ows are three components of produc-tion technology transfer, as shown in Figure 4.3.

As is illustrated in this network, the technology transfer is achieved by a series 

of procedures each of which has a diff erent kind of impact on the economy, resulting in diff erent criteria for each of these procedures. Although the impact does exist, it is by no means an easy task to fi nd a clear relationship between these procedures and the economy. Some useful information from economic phenomena can be obtained when  technology  transfer  has  been  achieved  over  a  long  period  of  time  (several months or several years) but the phenomena studied may be aff ected by other 
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Figure 4.3  Network of production technology transfer.
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factors. In conclusion, the precise measurement of fi nancial benefi t in  production technology transfer can hardly be realized.

To study the impact of technology transfer on the economy, three factors in the network of production technology transfer, namely technology transfer entities, techniques, and technology fl ows are evaluated here.

Assuming a technical potential η and economic value per potential λ, then the fi nancial benefi t π of this technique can be expressed as follows:

π = λ × η (4.13)

After the research and development following the transfer, the new technical poten-tial is η, while the change rates in technical potential, economic value per technical potential and technology economic value are as follows:

η = Δη η λ = Δλ λ π = Δπ × π / , / , (4.14)

 

Obviously,

π + Δπ = (λ + Δλ) × (η + Δη) = λ × η + Δλ × η + Δη × λ + Δλ × Δη.

In this case, the benefi t of production technology transfer is known.

Δπ = Δλ × η + Δη × λ + Δλ × Δη.




Chapter 5

 

Technology Transfer 

 

Analysis Based on 

 

Technical Diffusion 

 

Field Theory

 

Any innovation in science and technology will diff use once it is publicized. Since World War II there has been an international trend to diff use technology; sponta-neous at fi rst, with the United States and Germany spreading the relatively low-tech and labor-intensifi ed technologies into Japan and the Four Little Dragons, namely Singapore, Hong Kong, Taiwan, and South Korea. Th  e same thing happened in the 1970s, but from some developed countries to the developing countries on an international scale with specifi c purpose. Th  is increasing diff usion of technology exerts great infl uence  on  industry  structure,  economic  policy  and  development, social, and cultural life.

 

5.1  Technical Diffusion Field Statement

5.1.1  Technical Diffusion Field

Th  e term “fi eld” refers to the distribution status of a physical quantity in space. In natural science, “fi eld” is commonly used to study laws of space distribution and changes in some physical quantities such as temperature, density, potential, power, 

 

101

102 䡲 Theory of Science and Technology Transfer and Applications 

 

and speed. In the study of technical diff usion also, “fi eld” can be used to describe the distribution of and changes in technical diff usion.

In essence, technical diff usion is the process of transforming technology into social production and reproduction directly. Th  is is not only among countries and regions but also among diff erent industries as a result of unbalanced technology development. Th us, it is a multilevel and multi-dimensional diff usion. Like in many science and technology problems, it is necessary to be concerned about the distribution in space and changes in some physical quantities (such as temperature, density, potential, power, speed, etc.); the concept of “fi eld” and the idea of technical diff usion fi eld to reveal these laws and provide a theory and method for the study on mechanism of technical diff usion and absorption is therefore introduced.

Technical diff usion fi eld is a special form of material and information based on technical diff usion, through which the technology bearers interact.

Under certain conditions, technology bearers act as the fi eld source, which stimulates the technical diff usion fi eld to spread the technologies constantly. When the source has a higher level of technology than the receiver in the diff usion fi eld, it will have an eff ect on the latter, though this eff ect may be zero. Th  e original loca-tion of this technology is known as the technical diff usion source and the receiving technologies as the technical absorbers. Th  e direction of infl uence that the techni-cal diff usion source has on the absorber is called the technical diff usion operational direction, which points from the source to the absorber. As the kind of eff ect varies among diff erent technical absorbers, technical diff usion has diff erent sizes.

 

5.1.2  Technical Diffusion Process

A product system should integrate the knowledge of reifi cation, literature, and connotation. Technical diff usion includes the following two aspects: software and hardware diff usion, which means the diff usion of literature and connotation and the diff usion of reifi cation correspondingly.

Diff erent forms of technology can diff use in two ways: the nonproperty form and the property form. Th e fi rst can be purchased easily without any special restric-tions while the latter, like secrets of enterprises, has limiting conditions.

Technology diff usion is a complex process which can be divided into three intercross phases.

 

5.1.2.1  Plan and Choice

Th  e technology supplier directly or indirectly contacts the enterprises with tech-nology requirements through various information channels setting in motion the process of accepting the idea of technical diff usion. Th  is is the “software” diff usion phase, which is the diff usion of literature and connotation.

Th e plan and choice phase starts from confi rmation of the need for some technology, often decided by enterprises, but the initiative may derive from other 
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sources; foreign enterprises with overseas investment, for instance. During this phase, it will decide which technology to import, through which kind of mecha-nism (import equipments, license or foreign investment, etc.), and the resource of the technology.

 

5.1.2.2  Digestion and Absorption

Digestion and absorption are the processes by which the absorber acquires innovative technology legally when the information is transferred from the technical diff usion source. Th  is acquisition varies in form, independence, possession, and utilization.

Digestion and absorption constitute the “software” diff usion phase where skills 

and hardware are diff used by literature and connotation and the technical diff usion of reifi cation is capital in nature.

We can take this phase in the process of technical diff usion as the conception 

process which actually equals the innovative technical diff usion.

W. Haig, Senior Researcher at the Stanford International Consultation Research 

Institute, argued that for a country or an enterprise, technology transfer can create more knowledge. However, it cannot promote the economic development directly. It is necessary to undertake other activities to create an effi  cient environment and conditions to accept these technologies. On the other hand, it has to inspire a mul-titude of departments, which may help to attain the result with half the eff ort so that the technology can help companies or the country to promote saving in power, cost and resources, and improve economic growth. If this technology remains static after being introduced, it is not an eff ective technology import. Th  e critical thing, when introducing technology, is to keep the innovative spirit alive. Only with the innovative spirit, can technology introduction be meaningful and constantly developing. Th  e direct eff ect of technology introduction is to create the technical potential, but other conditions are needed to generate economic benefi t. Digestion and absorption are the processes by which the value of the introduced technology is increased by the essence of innovation.

Th  e Japanese expert of technology transfer theory, Yu Saito wrote in “Technology 

Transfer Th  eory: Improve all the introduced technologies frequently to adapt to the system in Japan, which is the characteristic of Japanese technology transfer” and “the introduced technology is not necessarily to be used by relevant enterprises and stays unchanged. Th  us, it should attach great attention to get immobilized when transferring technologies.”

Japanese scholar Wu Lin argued, in an article on Nippon’s experiences in intro-

ducing and digesting advanced technology in the Th  ird World, that the transfor-mation of introduced technology into an independent development process can be divided into fi ve phases, namely, operation, maintenance, repair (small improve-ment), design, self-production (technology system management). Hoshino divided the above fi ve phases into three steps: imitation, partial improvement, and compre-hensive improvement.
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Th  e digestion and absorption should be considered as follows. It is a process of studying and digesting the introduced technology, and integrating it with the local economy. Th  e process of digestion is to analyze, understand, and master the introduced technology while the absorption process is to improve, innovate, and promote the digested technology, and then to apply it in actual production for achieving productivity. Digestion and absorption can be divided into four stages.

 1. Use: Th  is stage involves applying introduced technologies correctly and giv-

ing full play to them to meet the original design, and being able to carry out the  necessary simple repairs at the same time.

 2. Grasp: Th  is stage ensures an anatomical understanding of the new product 

technology or technique that is a decomposition and combination of the technology system.

 3. Innovation: For technology absorbers, the introduction of technology is merely 

to aid  innovation rather than a ready-to-use mature technology. Introduced  technologies will usually generate three stages when developed further by innovation–fi rst, a partial reform of the original technology to adapt it to the new technological environment and improvement to its theoretical struc-ture and formation; second, transplantation, that is applying the original or the digested technology to other situations and expanding its scope of application; third, integration, that is integrating introduced technologies and domestic advanced technology into a new technology system. Innovation embodies the essence of digestion and absorption.

 4. Promotion: Innovation is not the end of digestion and absorption but merely 

the beginning to promote greater technological achievements.

As the technology is always developed for specifi c conditions, it is often neces-sary to make some adjustments to it diff erent from its initial design when transfer-ring it to a new environment so that the technology can be successfully digested and absorbed. Th  is is true for almost all the introduced technologies before they melt into the local economy. When the introduced project is complex, adaptive adjustments start at the very beginning from the design of the factory and the equipments, to the whole process of construction, installation, and troubleshoot-ing. Th  e operative eff ects of the introduced production system, such as the rate of output, product quality, product unit costs, will improve as business experience accumulates. In addition, the design and operation improvements brought about by the adjustments and absorption process, for example, a good program which can save time by improving the order of operation in quality control and by the use of abandoned components, can introduce a production system which is better than the original in effi  ciency and quality of output.

Th  e stage of digestion and absorption ends when the introduced technology is digested and integrated with the local economy successfully. It can be concluded that this stage has been achieved when actual output meets or exceeds the original 
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design level, and production costs are market competitive, and production systems integrate with the local economy.

 

5.1.2.3 Diffusion

Technical diff usion is to diff use the introduced technology or technical knowledge, separate from the material form, from enterprises that use the introduced technol-ogy to other sectors, for example to other enterprises in this industry (domestic or foreign), to raw materials suppliers and to other sectors of the national economy.

Diff usion takes place when technicians or skilled workers move from the 

company, where the technologies were introduced, to work in other companies. Technical diff usion can be seen in two scenarios.

  1. Companies with technologies introduced from foreign countries try to help 

other companies (domestic and foreign) acquire them.  2. Companies, where technologies have been introduced, supply technique and 

technology services to raw material suppliers and collaborative companies to 

make raw materials, components, assets, and facilities locally.

Th  e most important aspect of technical diff usion is its implementation, that is, the absorber adopts the necessary technologies, for example, engineering installing technology, product organization, and innovation technology. Technology diff u-sion involves the materialization of the technical absorber and the reifi cation and absorption process in the technical absorber. Th  e favorable implementation process of technical diff usion not only has a direct eff ect on the benefi ts to the technical absorber, but also has a direct eff ect on the digestion–absorption technology.

Th  e process of technical diff usion is fraught with great uncertainty as even 

though the technical absorber has accepted the idea of technical diff usion  several issues like the choice, extent, time, and methods of technology adoption still remain. However, during the process of technical diff usion, the absorber has a clear legal agreement. Both sides are bound by their agreements; on the whole, the imple-mentation is certain. In the process, to master the construction and installation technology as well as production and manufacturing technology, it is necessary to train the personnel of the technical absorber and provide instructions from the technology diff usion source. Th  e technical absorber should undertake adjustments, changes, or innovation of organization structure. Th  e implementation of technical diff usion has a cumulative eff ect on the technical absorber. It is a gradual process on the basis of technology, organization, management, etc. Th  e implementation of technical diff usion is dependent on time. When the anticipated technical economy eff ect is desirable at that point of time, the technical absorber will decide to adopt it immediately, or it will choose to wait.

Judging from the time sequence, the technical diff usion process can be seg-
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personnel training, debugging and installation of facilities, the use and study of the technology of production and manufacture.

 

5.1.3  Technical Diffusion Mechanism

5.1.3.1   Form and Implementation of Technical 

Diffusion Mechanism

Technical diff usion to the technical absorber happens in diverse ways. U.S. experts E.B. Skolnikov lists the following ways technical diff usion: permit (including the transfer of technology sales, complete sets of equipment, hardware sales, joint ventures, and the contract tender), patents (including publications, books, mar-keting brochures), interviews (including meetings, training, education, public policy discussions, debates), and information (including electronic, communica-tions, intelligence). British researchers summarize the current methods as follows: transportation (like transportation of advanced industrial goods), migration (like expert migration), copy, transfer (like industry transfer), subcontract (production), development assistance, joint ventures, investment, patent and chartered (transfer), information exchange, personnel training and exchanges, and consultation and cooperation in research and development. An Indian scholar, Chaturvedi, summa-rizes the methods as follows: foreign investment, technology cooperation, provision of  equipment,  complete  sets  of  contracted  projects,  government  agreement,  col-lective purchase, consultations (noncommercial), international academic activities, and personnel training and education.

 

5.1.3.2  Choice of Technical Diffusion Mechanism

Th  e choice of transfer mechanisms depends on several factors like the motiva-tion of the technology supplier, the technical feature, the local level of technical capabilities, the relative strengths of the two sides for negotiation, and technology recipients.

 1. Technology providers: If a technology is not important to the technology pro-

vider, he is usually willing to supply the technology without any restrictions. However if it is very important to him because of its long-term competitive-ness, especially technology that can serve as an eff ective barrier for other corporations, the provider will not be willing to transfer it, unless it can be confi rmed that this transfer will not weaken his long-term competitiveness. When the transfer mechanism allows him to have a certain degree of control on the use of the technology, the provider will be willing to transfer relative technologies.

One transfer mechanism, namely, individual proprietorship, is one way 

for providers to maintain control on the technology. A joint venture, with the 
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provider holding the larger share of the capital indicates relative restrictions 

or limitations in the contract and permit contract, so as to make sure that the 

provider has control of the technology.

 2. Th e local level of technical capacity and technical features: When the capacity of 

the technical recipient is close to that of the provider, independent technol-

ogy permit is an eff ective mechanism for the transfer. When the technology 

is complicated, and technical level of the recipient is lower, technology permit 

may have lower benefi t. To transfer technology successfully, the provider’s 

positive cooperation is required. In this case it is  better for the technical recip-

ient to adopt the joint venture style as the transfer mechanism. 3. Th e relative strength of the two negotiating parties: When the technology has 

been in use for long and can be provided by many companies, the power of 

the supplier is weak and the transfer mechanism is likely to be one with no 

constraints in the permit process or one of outright sale. When the technol-

ogy features high product specialization, is responsible for a great diff erence 

in the manufacture, and is the secret of or has been patented by a company, 

then the few businesses that provide this technology have a strong negotia-

tion power. In this case the technology is likely to be adopted with a con-

strained permit, or foreign direct investment, or both, such as an integrated 

mechanism.

 

5.2  Analysis of the Infl uence Factors of Technology 

Transfer in the Technical Diffusion Field

5.2.1  Social Environment Factors

Every district has diff erent needs for industrial products in developing the national economy. A developing industry is dependent on natural, economic, and techno-logical conditions, labor resources, and people’s culture, values, and historical devel-opment. Th  e special conditions for diff erent departments and industrial products also vary. Th  is determines whether a technology is conducive to the development of the region, and whether the region should adopt it.

 

5.2.1.1 National Policy

Th  e objective of the policies of technical diff usion for any enterprise is to ensure that it is the only way to maximize the benefi ts for the enterprise. In accordance with this objective, the policy should lay stress on scope integrity, incentives, and restrictions and follow the scientifi c nature of the elements in both the long-term and short-term policies. During the actual execution of the work, policies should focus on stability and coordination to give full play to the guiding principles and support.
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Th  e policies which infl uence technical diff usion include: organization and management policies, labor wage policy, technology commercialization, fi nancial and taxation policy, fi nancial and credit policy, and import and export trade policy, as well as the policy to promote scientifi c and patent information, the guiding principles of scientific research institutions and college schools, and the training policy for technical personnel and work staff . Th ese specifi c policies create a sensitive technological atmosphere conducive to technical diff usion, help establish a scientifi c technical-evaluation system to improve the effi  ciency  of the technology transfer and reform the education system to adapt to the needs of technical diff usion.

 

5.2.1.2  Nature of the Guide-into Region

 1. Th e impact of a market economy environment on technical diff usion: In market 

economy, the market is the corporations’ world. Market environment infl u-ences technical diff usion mainly through its system, patterns,  mechanism, scale, and order. Market systems include the product market (material  market of production and living) and factor market (fi nancial  markets, labor market, and technology market) primarily. Corporations reap  excessive profi ts through technical diff usion. Market pattern refers to the seller’s or buyer’s market. Market mechanism refers to the price, competition, and risk  mechanisms. Market scale refers to market demand quantity,  supply quantity, volume maintenance and the scope of the market. Th erefore, an open market economy environment is conducive to technical diff usion. However, it is not enough for economic regulation to use only the market lever; large-scale technical diff usion still needs the government’s macroeco-nomic policies.

 2. Th e impact of digestion and absorption on technical diff usion: Transfer diff usion 

must be in tune with independent research and development, should help the recipient digest and absorb the technologies and develop its own innovative technologies, enhance competitive motivation through technical diff usion to participate in the international market. Digestion and absorption need the union of enterprises and areas. Th  is union and sharing of resources will generate the synergistic ability to form a strong digestion, absorption, and production capacity. For the development of education, the digestion and absorption capacities must be improved.

 3. Mind state of technical diff usion: A good state of mind includes a thirst for 

knowledge, and healthy curiosity without xenophobia, which is a positive fac-tor for quick adoption of new technology. Because of the imbalance in social, economic, and technological development and its own characteristic features, a region cannot always be in a position to innovate in all its unit technical groups. It is important to choose the correct region for technology transfer by proper research into its features.

Technology Transfer Analysis   䡲   109

 

5.2.1.3 Legal Environment

Th e scientifi c and technical legal system is an important component of China’s legal system, including the system of scientifi c and technical law, implementation of scientifi c and technical law, research into scientifi c and technical law, and so on. Science and technology development and any enterprise’s technological progress need legal protection with immediate eff ect. Establishing a perfect legal system and creating a good legal environment are powerful factors in promoting technological progress and diff usion.

 

5.2.1.4 Institutional Environment

Institutional environment includes the economic system, the science and technol-ogy system, polity system, and so on. Its role and impact on the technical diff u-sion of an enterprise strongly refl ect the corporate structure and principal part of investment. Whether enterprises can become a principal part of technology is a fundamental problem which relates to the union between science and technology and production.

 

5.2.1.5  Location Environment and Local Industrial Structure

A good location environment is one that provides perfect infrastructure and a coop-erative and convenient economy, which are necessary for an enterprise to achieve steady technological progress with these unique geographical advantages.

Th  e correlation between industry structures impacts the effi  ciency  of  techni-

cal diff usion. Th  e degree of technical contact and information exchange between departments are limiting factors that aff ect industrial growth. Th e improvement in technological innovation effi  ciency of one industry sector permeates into other  sectors, which must be further diff used through conduction in industrial asso-ciations. Meanwhile, technical diff usion accelerates the progress of the adjustment between industrial structure and industrial innovation. Th  e economic benefi ts of technical diff usion and industrial promotion can be achieved only by this.

 

5.2.1.6  Industrial Environment and Structure

Th  e industry is the product of development in social labor and change in industrial structure. With improvement in industrial production and technical development, production socialization increases. Integrating all departments, enterprises and even all sectors of the same industry in the region as a whole will increase social benefi ts for the entire industry.

Th  e industrial environment includes industry scale and status, competition and 

cooperation, development situation, and so on. Th  e industrial environment’s impact on the technological progress of an enterprise is refl ected in the competition and 110 䡲 Theory of Science and Technology Transfer and Applications 

 

collaboration. Strong product-match, collaboration, and fair competition among enterprises are necessary to improve enterprise industry environment. Th erefore, it is imperative to establish mechanisms for equal competition, to strengthen indus-trial technology development and promotion, and to create a good industrial envi-ronment for technological progress.

Th  e requirements, in terms of quality and quantity, for a certain  technological industrial structure are diff erent for diff erent regions. In terms of quantity, the proportion of the relevant industrial structure of such technology is considered and in terms of quality, it is the internal environment in and adaptability of this region that is considered.

 

5.2.1.7 Financial Environment

Financial environment includes fi nancial policy, fi nancial system, fi nancing chan-nels, science and technology credit system, and so on. Th e fi nancial environment is decided by policies and systems in force in the environment. In the present con-text of technological progress, technological invention, innovation, and diff usion require massive investments, and the returns are hysteretic and long-term in nature. Th  erefore, a good fi nancial environment is particularly important for the develop-ment of enterprises.

 

5.2.1.8  Information Exchange System

An eff ective information exchange system can provide a correct and necessary basis for decision-making in technical diff usion. Technical diff usion is divided into two kinds depending on the diff usion taking place through intermediary services or otherwise. Intermediary services refer to organizational units and departments which act as agencies, bridges, or links between providers and demanders of new technological achievements. Based on the diff erent service functions in technical diff usion, and the diff erent relationships with innovation technology or technology diff usion sources, intermediaries can be divided into information intermediaries, innovation technology transfer agencies, and innovation incubators.

Th  e characteristic of information intermediaries is that they generally do not have the innovative technology, but are in charge of the contact and communica-tion of the technology according to demand and supply. Such institutions include nonprofi t government agencies that promote scientifi c and technological achieve-ments, free or paid services of the mass media, and civil specialized information technology advisory body. In the process of innovation technology diff usion, infor-mation intermediaries can help overcome the obstacles in the fi rst stage and can provide basic information for those using innovation technology.

Th  e innovation technology transfer agency serves transfer diff usion in special areas, and has a fi xed or relatively stable relationship with the technology diff usion 
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source. Th  e transfer agency intermediary is generally aware of the technology, and owing to the specialization in the fi eld of technology it serves, is generally familiar with the developments and applications in this fi eld of technology. Th erefore, this type of service institution not only performs the specifi c operation of implementing technical diff usion,  but  also  provides  consultation  on  technology  advancement, applicability, and market application.

Innovation incubator-based intermediaries mainly provide production technol-

ogy services and management services after innovation technology diff usion. Th e agency is committed to helping small and medium enterprises who adopt new technologies to raise and build the high-tech enterprises or projects, including sup-ply credit, plant and machinery hire, staff  recruitment, advisory services for pro-duction technology and management, including technical training for staff   and vocational reeducation, new product identifi cation, and quality certifi cation, con-sultation for manufacturer, marketing information of raw material and products, and publicity and exhibition. Th  e service supplied by innovation incubator-based intermediaries is conducive to overcome the obstacles in last two stages in techni-cal diff usion.

Th  e three types of intermediaries focus on specifi c areas, although the respec-

tive managements and services overlap sometimes. Various types of intermediary organizations combine to form an intermediary system, which can be properly used to eliminate the obstacles at diff erent stages in the technical diff usion process.

Information intermediaries generally do not have the technical innovation, 

they merely serve as a means of communication of demand and supply contact information.

Innovation technology transfer agents serve innovative technology in a special 

fi eld; they are familiar with the developments and applications in this technological fi eld and can provide consultation for technology advancement, applicability, and market application.

Innovation incubator-based intermediaries mainly provide production technol-

ogy and management services after technology diff usion. Th  ey can help build high-tech enterprises or projects, and provide production and management services.

All the factors which impact technical diff usion in the social environment of 

the guide-into region have promotional and restrictive functions on technical dif-fusion, but the relationship among these factors are very complex and ambiguous.

 

5.2.2  Resource Environment of Technical Diffusion Field

When considering the resources environment, reference is made not only to the local natural resources, but also the possibility of allocating resources in the society as a whole on the premise of improving economic effi  ciency as much as possible. Th e diff erence between the resource environments will result in diff erent diff usion eff ects of the technology when spread in various regions.
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5.2.2.1 Personnel Quality

Th  e variability of human resources has a decisive infl uence on technical diff u-sion. Human resources are the most important part of the resource environment. Personnel quality is an important factor in technical diff usion, and to successfully proceed to technical diff usion, staff  and production material must not only main-tain a certain ratio, but also adapt to each other in quality.

Technical diff usion needs human intelligence. Whatever the method, the essence lies in the teaching and learning of technical knowledge. Th  e biggest  problem in the digestion and absorption of technology for developing countries is the low-quality of personnel, who do not have the necessary skills to transfer the technical data into actual production capacity. Th  erefore, to improve the effi  ciency of techni-cal diff usion, the training and the introduction of talents must be strengthened and a favorable environment for personnel growth must be created.

Staff  can generally be divided into four categories: leaders, managers, techni-cians, and production personnel.

For regional leaders and managers, their mental state, level of education, man-agement capabilities, etc. are the primary factors aff ecting technical diff usion. Th e improvements in modern technology make the relationship among the factors aff ect-ing production more complex, rigorous, profound, and extensive in technical diff u-sion and production activities. Transferring technology to the production process not only requires close cooperation among workers, but more importantly, the organic integration of man with machine and science. Th  us it requires leaders and managers with a good mental state, reasonable professional qualifi cation, and high-level scien-tifi c management ability to deal correctly with all kinds of economic and technologi-cal issues and to confi gure them scientifi cally to obtain economic benefi ts.

Th e eff ect of technical diff usion can also be aff ected by the quality of scien-tifi c and technical personnel. For example, transferring technology to undeveloped regions is diffi  cult; even for developed regions, the transfer of secret technology is very diffi  cult. Low-quality personnel can only understand the detailed operation methods of the technology used in production, but will hardly be able to obtain any other information. Technical diff usion can only exert an eff ect on the unit to which technology has been transferred directly, but fail to promote technological progress across the region.

In the application of technology, more and more complex work requires a pro-duction staff  at a high level of education and capability.

Staff  management needs to pay attention to coordination ability, that is, from the  system’s  angle,  reasonably  organize  diff erent types of personnel to enable an integrated function. At the same time, the quality training of potential personnel should be taken care of. Diff erent educational structures bring up diff erent specifi -cations and personnel. Th  e levels of national and science and technology education serve as measures of a country’s capability level for digestion and absorption of advanced foreign technology.
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5.2.2.2 Raw Materials

Raw material is one of the important elements of technology transfer. It is impor-tant to consider fi rst, whether the local region can ensure the supply of raw materials and second, the proximity to the origin of raw materials to reduce the transporta-tion of raw materials to the process of product manufacture, and hence, the costs of transport and labor.

Technical diff usion needs to consider supply capacity of the required raw mate-

rials in the application of technology. If the raw materials cannot be ensured, the high-speed development of the national economy as a result of technical diff usion will be limited considerably. Meanwhile, technical diff usion can also contribute to solving the problem of insuffi  cient raw materials. Advanced diff usion can reduce the input of natural resources per unit product, and also create possibility for the integrated utilization of resources and the development of new materials.

 

5.2.2.3 Energy

First, it is necessary to ensure the supply of energy locally, second, ensure  proximity to the origin of energy as much as possible. Th  e details of energy production, trans-portation, and consumption should also be considered. Attention must also be given to the contribution of energy-saving technologies as a solution of the energy crisis.

 

5.2.2.4 Funds

Another important factor in technology diff usion is the availability of funds and their right use. Strong fi nancial support could not only ensure the technology absorber will choose the most appropriate technology, but also be conducive to the technology import, promotion, improvement, and application.

 

5.2.2.5  Transportation and Communications

Transportation and communication aff ect many aspects, such as the size of the pro-duction reserve, the distance between the product and the market, capital turnover time, the time for commodity circulation, and the exploration of the international and domestic markets.

In technical diff usion, to achieve higher economic benefi t, transportation must 

be given top priority and an eff ort must be made to reduce unreasonable transports and improve production effi  ciency. Meanwhile, the technology absorber should pay attention to the construction of roads, railways, ports, and other transportation facilities to provide good conditions for industrialization.

With the continuous development in science and technology, communication plays 

a more and more important role in economic development and intercommunication. 114 䡲 Theory of Science and Technology Transfer and Applications 

 

Good communication could enhance the relationship between the technology absorber and the source and be conducive to accomplish technical diff usion.

 

5.2.3  Technology Transfer Rate in the Technical 

Diffusion Field

Because of diff erent development levels in society, in the economy, and in technol-ogy, as well as the diff erent characteristics of natural resources, culture and value, the product levels of various regions are unbalanced.

Th  e success standard of technical diff usion cannot be based on whether a local factory is well equipped or whether it produces under some concessions. Th e stan-dard should consider whether this technology diff uses around the area and its speed and scope are the important evaluation criteria. In this book, this rate of speed together with the scope is recorded as the technology transfer rate.

 

5.2.3.1 Technical Relevance

Technical relevance refers to the following: fi rst, the region has the related tech-nological base before diff usion, second, it has promoted the progress of other local technologies after diff usion.

Technical relevance only refl ects the actual use of the technology to some extent, in other words, transferred technology that is highly relevant to other departments also in the region. Actually a transferred technology can not only be used in the sector to which it is directed, but also promote the progress of technologies in other sectors through the eff ects of technical relevance.

Th  e relevance of technology itself has a decisive impact on technical diff usion, diff erent technologies with larger relevance have a stronger absorptive capacity among them and the speed of technical diff usion is high.

Because of diff erences in technology bases and structures in each area, the same technology has diff erent relevance in diff erent areas, thus aff ecting its diff usion rate in each area.

 

5.2.3.2  Applicability of Technology

Th  is refers to the special conditions that the area, where the technology is to be introduced, must adapt to so that the eff ects are maximized.

“Applicability” is a relative concept which considers “who,” “for whom,” “how to use,” “what kind of technology to introduce,” etc. Diff erent factors, like the state of production, social and resource environment, market conditions, and status of the technology, will undoubtedly lead to diff erent levels of applicability of the same 
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technology in diff erent regions. If a technology has a higher applicability in the diverted areas, it will speed up the pace of diff usion in the region and achieve better results.

 

5.2.3.3 Technology Gap

Th  e technology gap is the diff erence between the current levels of technology in a region and in the international scene.

Th  e imbalance in the technological development level in each area has caused 

diff erent gaps between diff erent regions in the same technology. Only when there is a modest gap can the receiving region have both internal and external technical power so as to step up the speed of technology transfer and enhance the technology transfer rate.

A large gap between the level of transferred technology and the correspond-

ing receiving region will aff ect the communication between them. Transferring by force will not only aff ect the direct goal, but also impede expansion and digestion of the technology and fi nally fail to achieve the aim of promoting the technol-ogy transfer. If the gap is too small, although the levels of technology among the regions are close to each other and communication and diff usion will be easy, yet the low eff ect on the progress in the technology in the diverted area make compa-nies reluctant to introduce such technology. In this case also it fails to increase the technology transfer rate.

 

5.2.3.4  Investment per Unit Product

It is the average amount of investment spent on basic construction per unit  product. Th  e factors aff ecting investment include natural conditions such as engineering geology and hydrologic geology and whether local electricity, water supply, and transportation environment are available as needed. Th  e basic requirements for technology transfer vary in diff erent areas. To achieve the same productivity, invest-ment in poor areas will be higher than in areas with good conditions, i.e. higher investment per unit product.

Th  is is an index refl ecting the eff ect of saving investment. Th e anticipated 

investment per unit product will directly aff ect the transfer of a technology and the diff usion speed as a result. For the same technology, the lower the investment per unit product, the faster it will diff use.

 

5.2.3.5  Investment Recovery Period

Th  e investment recovery period is the length of time calculated from the day that a technology is actually used in production until the time the profi t equals the 116 䡲 Theory of Science and Technology Transfer and Applications 

 

investment. So it is considered an important index to measure the investment profi t. A short recovery time means a high profi t and will undoubtedly motivate people to invest and accelerate the technology transfer rate.

 

5.2.3.6 Investment Risk

Investment risk is measured as a probability measure. Every investment decision of technology transfer in an enterprise will have various possibilities, with uncer-tain outcomes. Th  is uncertainty is called investment risk. Th  e primary reasons for investment risks in production are the uncertainties in the company’s operation and sensitivity to external conditions beyond the company’s control.

Because of the imbalance in society, in the economy, and in the technology in the diff used district, all the following factors such as technology relevance, techni-cal adaptability, technical gap, investment per unit product, investment  recovery period, and investment risk, aff ect the transferring rate. Technical relevance and technical adaptability are ascending functions of the technology transfer rate. Transfer rate will increase fi rst and then decrease as the technical gap changes. If investment per unit product, investment recovery period, and investment risk are smaller than the optimum value, the technical transfer rate is an ascending func-tion; when they exceed the optimum value, it becomes a decreasing function. Th e transfer rate is one of the signifi cant factors deciding whether the region is the best area for technology transfer.

 

5.2.4  Power of Technical Diffusion

Technical diff usion and technical innovation are inseparable; in fact, technical diff usion is often accompanied by gradual technical innovation. Broadly speaking, the power of technical diff usion is the same as that of technical innovation.

 

5.2.4.1   Foreign Scholars’ Opinions on the Power 

of Technical Diffusion

 1. Th e mechanism of the power of technical diff usion: Broadly speaking, the con-

cepts of the two mechanisms (technical diff usion mechanism and techni-cal innovation mechanism) are the same. Th e scarcity of resources leads to the innovation. Hicks, a famous English economist, in his book Wage Th eory published in 1932, argued that in the past several centuries, the main innovation related to labor-saving was in the direction of the change in relative prices of elements of production. “Factors of production, changes in relative prices, are in itself a particular incentive for invention—the invention lies in the direction of more economic use of those elements whose prices have become relatively expensive.” Th e so-called relatively expensive elements were those becoming relatively scarce. As a result, two types of inventions happen, one, the “leading or causing invention” 
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and the other, “self-invention.” In the direction of technical innovation, 

N. Rosenberg believed that induction mechanism was the moving force. But 

instead of being induced by scarcity factors, innovation derived from the fol-

lowing three mechanisms: the imbalance of technological development, pro-

duction process, and resource supply uncertainties. What these three  typical 

induced mechanisms had in common was that they were the toll-gates or bot-

tlenecks of production, obstacles to the further development of production. 

Such obstacles created a pressure situation, which induced manufacturers to 

innovate to get around these barriers. Of course, every innovation was never 

permanent; it would create a new bottleneck, inducing people to  reinnovate, 

and so the cycle would go on.

Japanese scholar Saito in the late 1970s proposed the assumption “N.R,” 

which is primarily about the motivation for technical innovation. “N” repre-

sents “Needs” and “R” represents “Resources.” For example, when there was a 

shortage of labor resources, there was a need for a labor-saving technical inno-

vation; thus this factor played an important role in innovation. When other 

types of resources become insuffi  cient, there would be a similar impact. Th e 

hypothesis of N–R relationship also includes the idea of technical innovation. 

In addition, when the resources cannot meet some kind of specifi ed need, there 

would be a gap between “N” and “R”; Th  is would serve as a stimulation factor 

to drive people to take action for technical innovation to close this gap. When 

technical innovation succeeds, the original gap between N and R is eliminated 

and the economy develops. And the measures taken to eliminate the gap are the 

development and researching activities in the process of technical innovations. 

In conclusion, technology need is the essential driving force for technical inno-

vation by the researchers who undertake the task of technical development.

 2. Th  e power mode of technology diff usion a. Technical promotion mode: Schumpeter tends to believe the theory of the 

sovereignty  of  innovation  in  production  which  is  closer  to  the  techno-logical promotion theory. From the fact that every country pays attention to science in their university education it is clear that until the 1960s most people believed the technological promotion theory of technology innovation.

 b. Market attraction mode: U.S. economist J. Schmookler concludes, based 

on the studies of patent activity, that patenting or invention activities, like other activities, were basically in the pursuit of economic profi t  which was guided and constrained by market demand.

 c. Integrated action mode: Th  e integrated mode is generated on the basis of 

the balance between technical possibilities and market opportunities. N. Rosenberg believed that “innovation activities are decided by both the demand and technology where demand is in charge of the return of innovation and technology determines the possibility of success and the cost.”
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5.2.4.2   Domestic Scholars’ Opinions of the Power 

of Technical Diffusion

Professor Liming Zhao, Tianjin University, in his book named “Technology Transfer Th eory” argued that the “bottleneck” phenomenon between technology absorber and technology resources was the driving force behind technical diff usion. Th  e motivation comes from both sides; lack of diff usion on either side would aff ect the process of diff usion. For the technical diff usion source, acceleration of technical diff usion can compensate the cost of technology development and can generate a satisfactory income. For the technology absorber, the adoption of technology can reduce the gap between the local and the developed region in terms of economy and technology.

In the book named “Economics of Technological Progress,” professor Haishan Wang divided technical innovation into exogenous and endogenous power. Exogenous power comes into eff ect only through induction or when being trans-formed into endogenous power; and endogenous power makes use of the external “market power” as its source of energy in an orderly manner to generate an eff ec-tive dynamic response and power circulation in the exterior environment, and to a larger extent promote technical innovation activities spontaneously. Exogenous power includes scientifi c progress, social needs, market competition, government policies, etc. Endogenous power includes the innovational consciousness of the sub-jects, the pursuit of the maximum economic benefi ts in enterprises or innovation institutions, and the inherent requirements of improving business competitiveness of enterprises.

Chunyou Wu, Dashuang Dai, and Jingqin Su, in the Dalian University of Technology, wrote in their book “Th e Spread of Technological Innovation,” that the power or the driving force of technological innovation should take the technical innovation subjects as the core, including external and internal powers. External motivation is driven by technological invention and social needs. However there is only one internal motivation of technological innovation, namely the innovation subject’s pursuit of maximum profi t. Other factors should all be considered as the aff ecting elements of technological innovation rather than the power or the driving force of technological innovation.

 

5.3  Technical Diffusion Analysis of the Technical 

Diffusion Field

As technology is uneven in its spatial distribution, technology transfer exists not only between countries and regions, but also among industries and departments. As a result, technical diff usion is a multilevel and multi-dimensional diff usion.
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5.3.1  Building of the Technical Diffusion Field

“Field” refers to the spatial distribution of a physical quantity. Th  e physical quan-tity with a scalar characteristic has a scalar fi eld in spatial distribution, whereas the other kind with a vector characteristic has a vector fi eld.

At every point around a heat source such as a stove or radiator, temperature is 

certain, that is, there is some distribution of temperature in space called velocity fi eld. At any point on earth, there is gravitational attraction on all objects, which is the gravity fi eld. At various points around the charge, there exists a force, or electric fi eld around the electric charge, etc. In the above-mentioned fi elds, the tempera-ture fi eld is a scalar fi eld, whereas the electric fi eld, velocity fi eld, and gravity fi eld are all vector fi elds.

Field is the spatial distribution of a physical quantity, which may change with 

time. Mathematically, a fi eld is described by a multifunction, which employs the space and time coordinate to indicate its characteristic physical quantities. To be specifi c, the scalar fi eld is a scalar function of space and time, and the vector fi eld is a vector function of space and time. A reference coordinate system with main factors (technology transfer rate, social environment, and resource environment), which aff ect technical diff usion can be established and then the vector fi eld can be analyzed in a quantitative way to demonstrate the space location and vector direction.

If the corresponding value of the physical quantity in every point of the fi eld 

does not change with time, we call the fi eld a steady or static fi eld, otherwise as unstable or time-varying fi eld. Th  e position of an unstable fi eld at any moment can be described by a steady fi eld.

Th  e technical diff usion fi eld is a special form of material and information on 

this base. Technology bearers interact through the technical diff usion fi eld.

 

5.3.2  Law of Technical Diffusion in the Technical 

Diffusion Field

In the branches of natural sciences and engineering technology, state variables vary not only with time but also with space. Take gas diff usion for example, in addition to change with time, the gas density is diff erent at diff erent places. In this case, it is not enough to only employ the model of time evolution, but also needs to consider relations in space location. As a result it can be solved within the framework of the dynamic model of space–time evolution, which is a partial diff erential equation.

Th e fi eld, which obeys the law of causation, is the distribution of physical quan-

tities. Th  e cause is called the fi eld source. A fi eld is generated from the fi eld source, even as the temperature fi eld is derived from the heat source. Th  e spatial distri-bution of a fi eld not only depends on its source, but is also closely related to its 120 䡲 Theory of Science and Technology Transfer and Applications 

 

surrounding physical environment. For example, the temperature distribution in the furnace is determined not only by the size and distribution of fi repower, but also by its structure as well as the material. Th  e relationship of fi eld, source, and material can be described by a group of diff erential equations, for instance, the rela-tionship of the electromagnetic fi eld and its source conforms to a group of vector partial diff erential equations of Maxwell.




Chapter 6

 

Quantitative Study 

 

of the Technology 

 

Diffusion Field and 

 

Technology Dynamics

 

Technology diff usion essentially emanates from the production and reproduction of science and technology, invested directly into society, as the common wealth of human beings, science and technology diff uses among various countries, regions, fi elds, and the diff erent classes, and performs as part of the productivity fl ow during their mutual communication, inheritance, and innovation process.

 

6.1  Quantitative Model of the Environment 

of the Technology Diffusion Field

6.1.1  Environment of the Technology Diffusion Field

Technology diff usion occurs in specifi c social and resource environments. Th e mul-tivariable environments have complex interdependence and mutually restricting relations with technology diff usion as shown in Figure 6.1.
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Figure 6.1  The relation between technology diffusion and environment.

 

6.1.2  Quantitative Model of the Environment 

of the Technology Diffusion Field

Th  e environment of technology diff usion fi eld X is a complex system, with the primary factor set X and subfactor set X  (i i = 1, 2,…, I). Figure 6.2 illustrates the model.

 

X : X , X , X , …, X 1 11 12 131k1

X−−                   −−qm … X : X , X , X , …, X 2 21 22 232k2 …    …

X : X , X , X , …, X i i 1 i 2 i 3iki

(i = 1,2, …, I; m= 1,2, …, M)

(k = 1,2, …,    ;    = 1,2, …, 1 K 1 k 2 K ; …; 2k = 1,2, …,    ) i K i

Figure 6.2  Model of the environment of technology diffusion fi eld.
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where

X is the integral environment of technology diff usion fi eld

qm is the evaluation target

X 1 − X are the interweaving subsystems to constitute the integral environment i

From Figure 6.2, we can see that:

X = { } X i, (i = 1,2,…, ) I (6.1)

Among them

X 1 = (X11, X12, X13,…, X1k ) 1

X 2 = (X 21, X 22, X 23,…, X 2k 2) (6.2)

X i = (X i1, Xi2, Xi3,…, Xik ) i

 

6.1.3 Weight Calculation

6.1.3.1  1–6 Scale Method

1–6 scale method, as illustrated in Figure 6.3.

Suppose the comment set is as follows:

PYJ = {PYJj}

 

= ⎧Most important(Excellent), More important(Good),Important(Medium),⎫ ⎪ ⎪ ⎨ ⎬. ⎪ Normal(Bad),Less important(Inferior), Least important(Very inferior) ⎩ ⎪ ⎭

= {1.0   0.8   0.6   0.4   0.2   0 , }   ( j = 1,2, …,6)                       (6.3)

 

Most important; More important;     Important;        General; Less important;   Least important;

Excellent            Good            Medium           Bad            Worse            Worst

 

1.0                0.8                0.6               0.4                0.2                  0

 

Most important; Least important;

Excellent                                                                              Worst

Figure 6.3  1–6 scale method.
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6.1.3.2  Pairwise Comparison Matrix

First, arrange the indexes, X  (k   1, 2, …, ik =K ), of every subfactor set X  (i     1, i = 2, …, I) of the technology diff usion environment of the region being evaluated in the form of a matrix. Th  en invite 5–15 experts to give the importance of the cor-responding index after a pairwise comparison of X . Th  e comment set is shown ik as Formula 6.3. To be specifi c, fi nd the average, denoted as FZ , of every index of ik the set X after the pairwise comparison of iX and      . Th  en sum up ik X     , that ik − 1 FZ ik is,                 I        K FZH = ∑ ∑ FZ . Finally, we will have the weight of every index of X , namely W ,                     ), and i W i = i          i =1    k =1      ik                                                                                                    i ( W ,                         ( i1 W ,…, i2 W ik W i = FZ / ikFZH ). Table 6.1 illustrates i

the comparison matrix.

6.1.4  Fuzzy Evaluation Model 

of the Technology Diffusion Field

For the multilevel fuzzy evaluation model shown in Figure 6.2, the primary factor set is X, the subfactor set is X (i  1, 2,…, I), and the corresponding weight is i =

W = (Wi), (i = 1,2,…, ) I (6.4)

Among them

W 1 = (w w w 11 , 12 ,13,…,w1k ) 1

W2 = (w w 21 ,22,w23,…,w2k ) 2

Wi = (w w w i 1 , i 2 ,i3,…,wik ) i

 

Table 6.1  Pairwise Comparison Matrix

W = i

Region      X       X       …      X        X      FZ    (FZ   FZH ) i 2 i 3 ik −1 ik ik ik i

Xi1                         …

Xi2                         …

X                 … i 3

…                   …    …     …     …

Xik− 1

Xik

Total                                                         FZH        1 i
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(i = 1,2,…, ); ( Ik 1 = 1,2,…, K k 1 ;2 = 1,2,…,K k 2 ;i = 1,2,…, Ki) (6.5)

Th  e weight and the comment set can be calculated according to Formulas 6.2 and 6.3 respectively.

Th  e fuzzy relationship matrix of general object R, and the comprehensive evalu-

ation subordinate degree B are as follows:

R 1

R     = = R 2 ( ) , ( r ij i j ×i = 1,2,…, ; I j = 1,2,…

 ,6) (6.6)

R i

B = W R ⋅ = ( ) , ( b j j = 1,2,…,6) (6.7)

r , the average score decided by the experts according to Formula 6.3, demonstrates ij

the degree of comment j when evaluating the target q in terms of the ith factor m in set X i.

r ij    = (2)    r ij

n (6.8)

where n is the sum of every single row of r . ij

B    (2) = W⋅R , (i = 1,2,…, ) I                  (6.9) i            i          i

r (2)    (2)        (2) , r , … , r

11    12        1j

= r (2)    (2)        (2) , r , … , r

R   21    22        2 j 1

r (2)    (2)        (2) , r , , r …

k1     k12        k j 1

r (2)    (2)         (2) , r , … , r

11    12        1 j

= r (2)    (2)         (2) , r , … , r

R    21    22        2 j

2 (6.10)

r (2)    (2)         (2) , r , , r …

k 21   k22        k j 2

… … …

r (2)    (2)         (2) , r , … , r

11    12        1j

R   21    22        2 j

i

= r (2)    (2)         (2) , r , … , r

r (2)    (2)         (2) , r , … , r

k i 1    ki 2         k j i

 

B         I = ⋅ ( = ∨   ∧   ) i            i        i                   i        ij W R W r                                        (6.11) ( ) 2

i =1
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Suppose the fuzzy comprehensive comment set of “Standard Target T” is

Ui = { }, ( u ij j = 1,2,…,6) (6.12)

And the subordinate degree is

 

B ˆ                I = W U ⋅ = ∨ W ∧

i            i        i                  i        ij ( u )                                           (6.13)

i =1

According to the fuzzy-discrete closeness principle, we can calculate the closeness degree λ between iT and the evaluation target Q as:

 

λ = 1 ˆ ⎡         ˆ      ⎤ i B B i ⋅ + − i (1 B i B i )               (6.14) ⎣ ⎦ 2

 

6.2  Quantization of the Social Environment 

of the Technology Diffusion Field

6.2.1  Quantitative Analysis of the Social Environment 

of the Technology Diffusion Field

1. Index system of the social environment of the technology diff usion fi eld

  Th  e social environment X is a complex system, whose index system is described 

in Figure 6.4 with the primary factor set X and subfactor system X i, (i = 1, 2, …, 8).

  2. Quantitative calculation fl owchart of the social environment of the technol-

ogy diff usion fi eld

Figure 6.5 shows the weight calculation fl owchart. Figure 6.6 illustrates the subor-dinate degree and closeness degree of the technology diff usion environment; both can employ MATLAB® to obtain the results.

 

6.2.2  Establishment of Axis x of the Technology 

Diffusion Field

Let λx = λi,

 

x = 1 , (λ ≠ λ     x   0)                    (6.15)

x

It is benefi cial for technology diff usion when x → ∞.
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1–6 Scale method

 

Pairwise comparison matrix

 

Is X superior ik

to X    ? ik −1

(i = 1,2,…, I; k = 1,2,…, K)

Degree? 

 

N

Y

FZ =X Score                 FZ   = X   Score ik ik ik −1 ik −1 

 

K

FZ = ∑  FZ iik k = 1

 

I    K

Weight W = FZ   ∑ ∑  FZ i iik i = 1 k = 1

 

Figure 6.5  Weight calculation fl owchart.

6.2.3  Simulation of Quantitative Calculation 

of the Social Environment of Technology Diffusion

1. Weights of the subfactor sets of the social environment of technology diff usion

Let X and X be the primary factor and subfactor set of the technology diff usion i

social environment in target region qm respectively.

i = 1,2,…,8;   m = 1;   k 1 = 1,2,…,8;   k2 = 1,2,3;   k3 = 1,2,3;

k4 = 1,2,3;   k5 = 1,2,…,5;   k6 = 1,2,…,5;   k7 = 1,2,…, 4;   k8 = 1,2,3
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X = (X ), ( = 1 i i,2, …, I)

 

Formula (6.1.3) comment set

PYJ = {PYJ} , ( j j = 1,2, …, 6)

 

R = ( i r ) iji×j                   Figure 6.5 weight calculation 

(i = 1,2, …, I; j = 1,2, …, 6)                       flow chart

 

r(2)      ij                                       W r , ( = 1,2, …, = i iI) ij n

 

U                      B = W·R = (b ) j = { u }, ( = 1,2, …, 6) i ij j ( j = 1,2, …, 6)

 

B = W · U =   (w ˆ              I                                                        I              (2) i                              …           B =W ·R =      … i i u i                       ) ij                   i        i     i          w i                                                                 ij         ij r

= 1                                          i= 1

 

λ   1 = ˆ         ˆ [ B · B + (1− B · B )] i 2 i i i  i

 

Figure 6.6  Calculation fl owchart of subordinate and closeness degree of the environment of technology diffusion fi eld.

 

From Figure 6.4, we can get the environment model of the technology diff u-

sion fi eld, as in Figure 6.7.

Suppose  that  10  experts  in  this  area  successively  compare  pairwise  the 

index of every subfactor set X i of the social environment according to the com-

ment set shown in Formula 6.3. Th  en we can get the signifi cance of the 

corresponding index.

Th  e simulation of the degree of signifi cance according to each expert 

is  to  employ  random  numbers  in  the  importance  comment  set,  shown 

in Formula 6.3. Th  en MATLAB is used, following the calculation fl ow-

chart. According to Figure 6.5, we can calculate the weight by MATLAB 

program.

Th  e results of the subfactor set weights in the social environment of the 

technology diff usion fi eld are illustrated in Table 6.2.
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X : X , X , X , X , X , X , X , X 1 11 12 13 14 15 16 1718 X : X , X , X 2 21 2223 X : X , X , X 3 31 3233

X−−                            −−q 1 X : X , X , X , X , X 5 X : X , X , X 4 41 4243 51    52    53    54    55

X : X , X , X , X , X 6 61 62 63 6465 X : X , X , X , X 7 71 72 7374 X : X , X , X 8 81 8283

 

Figure 6.7  Environment model of the technology diffusion fi eld.

 

Table 6.2  Weights of the Subfactor Set in the Social Environment of Technology Diffusion Field

k

wik       1         2         3        4         5        6         7        8

1 0.17916 0.12759 0.13067 0.11500 0.17136 0.09400 0.07483 0.10741

2 0.13048 0.53181 0.33770

3 0.38944 0.27833 0.33222

4 0.22460 0.46528 0.31012

i

5 0.24882 0.19380 0.18495 0.17931 0.19312

6 0.17144 0.29222 0.17217 0.15662 0.20755

7 0.31326 0.17524 0.13141 0.38009

8 0.24964 0.21286 0.53750

 

  2. Subordinate degree and closeness of the subfactor set in the social environ-

ment of the technology diff usion fi eld

a.  Calculation of set subordinate degree

  r , the average of the score given by the ten experts according to Formula ij

6.3, demonstrates the degree of comment j when evaluating the target q m in terms of the ith factor in set X . i

Random numbers are employed to simulate the degree of impor-

tance as judged by experts according to the signifi cance comment set of Formula 6.3. Th  ey are calculated in a row-normalized way and fi nally the average is obtained. Suppose the weight value is as Table 6.2 shows, then MATLAB is used to calculate as in Figure 6.5 and the program is shown 
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in Appendix B, as the program of the environment subordinate and close-ness degree of the technology diff usion fi eld.

Th  e results of the set subfactor subordinate degree in the social envi-

ronment of technology diff usion fi eld are illustrated in Table 6.3.

Let the comment set of the fuzzy relationship matrix of the subfactor 

class in T be

Ui = { } u ij = {Excellent,0,0,0,0,0} (6.16)

  Th  e weight is as shown in Table 6.2.

MATLAB  is  used  according  to  Figure  6.6  to  fi nd the subordinate 

degree of the subfactor class of T, as shown in Table 6.4; the program is illustrated in Appendix B.

b.  Calculation of closeness degree

  From Formula 6.1.13, the closeness degree between the subfactor set 

of the social environment and the subfactor layer of T can be obtained through MATLAB. Th  e closeness degree of their corresponding subordinate degrees is demonstrated in Table 6.5.

  3. Weight, subordinate, and closeness degree of the primary factor set of the 

social environment of the technology diff usion fi eld

  Suppose in target region q , the primary factor set of the social environment m

of technology diff usion fi eld is X and the subfactor set is Xi.

m = 1; i = 8

 

Table 6.3  Subfactor Set of the Subordinate Degree of the Social 

Environment of Technology Diffusion Field

j

Bij            1             2             3            4            5            6

1   0.08431   0.15181   0.06128   0.08736   0.12929   0.09821

2   0.13377   0.10131   0.20636   0.10000   0.11305   0.27260

3   0.03894   0.16139   0.10000   0.17217   0.17756   0.17217

4   0.13958   0.20000   0.12940   0.21391   0.15508   0.10855

i

5   0.14256   0.12989   0.12721   0.17788   0.09361   0.06908

6   0.12915   0.12724   0.12597   0.18068   0.14130   0.03281

7   0.10438   0.15553   0.19628   0.11818   0.09770   0.15204

8   0.15007   0.04625   0.24257   0.17504   0.21118   0.10368 132 䡲 Theory of Science and Technology Transfer and Applications 

 

Table 6.4  Subordinate Degree of the 

Subfactor Layer of T

j

^

Bij             1          2     3     4     5     6

1   0.17916    0    0    0   0   0

2   0.53182    0    0    0   0   0

3   0.38944    0    0    0   0   0

4   0.46528    0    0    0   0   0

i

5   0.24882    0    0    0   0   0

6   0.29222    0    0    0   0   0

7   0.38009    0    0    0   0   0

8   0.53750    0    0    0   0   0

 

Table 6.5  Subfactor Set of the Closeness Degree of the Social 

Environment of Technology Diffusion Field

i            1                2               3               4               5               6              7              8

λi   0.53640   0.56688   0.51947 0.56979 0.57128 0.56457 0.55219 0.57504

 

Table 6.6  Primary Factor Weight of the Social Environment 

of Technology Diffusion Field

i             1                2                3               4               5               6              7              8

Wi 0.11343 0.17678 0.11079 0.10849 0.08730 0.13751 0.13785 0.12785

 

  Repeat step (1) in Section 6.2.3 to get the weight of the primary factor of the 

social environment of the technology diff usion fi eld shown in Table 6.6.

Let ri1 = λi, and the weight as in Table 6.6. Step (2) in Section 6.2.3 is 

repeated and the primary factor of the subordinate degree of the social envi-ronment is obtained, as illustrated in Table 6.7.

Suppose the comment set of the fuzzy relation matrix of the primary 

layer of the Standard Object is as shown in Formula 6.16, and the weight as in Table 6.6. Step (2) in Section 6.2.3 is repeated to calculate the subordinate degree of its primary factor layer as shown in Table 6.8.
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Table 6.7  Primary Factor Subordinate Degree of the Social Environment of Technology Diffusion Field

i              1                  2                 3                 4                 5                6

Bi    0.06176    0.07532    0.10506    0.08477   0.10776    0.04016

 

Table 6.8  Subordinate Degree 

of the Primary Factor Layer of T

i              1            2      3      4      5      6

^

B i    0.17678    0    0    0    0    0

 

According to Formula 6.2.13, the closeness degree between the primary 

factor set of the social environment and the primary factor T can be obtained. 

As obtained by MATLAB following Figure 6.6, the closeness degree of their 

subordinate degrees is:

λ = λ = x i 0.52652

Th at is,

 

x = 1 =

λ   1.89926

x

 

6.3  Quantization of the Resource Environment 

of the Technology Diffusion Field

6.3.1  Quantitative Analysis of the Resource Environment 

of the Technology Diffusion Field

1. Quantitative index system

  Th  e resource environment Y is a complicated system with the primary factor 

set Y and subfactor set Yi, (i = 1, 2, …, 5). Th  e index system is shown in 

Figure 6.8.

 2. Calculation fl owchart of the quantization of resource environment

  Figure 6.5 shows the weight calculation fl owchart and Figure 6.6 the subor-

dinate and closeness degree calculation fl owchart. Both can be created using 

MATLAB.
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Figure 6.8  Quantitative index system of the resource environment of technology diffusion fi eld.
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6.3.2  Establishment of Axis y of the Technology 

Diffusion Field

Let λ = λ yi,

y = 1 ,     λ ≠ (   )

λ y     0                                    (6.17)

y

It is benefi cial to technology diff usion when y → ∞.

 

6.3.3  Simulation Calculation of the Resource Environment 

Quantization of the Technology Diffusion Field

 1. Th  e weight of the subfactor set

  In the evaluated region q , let mY be the primary factor and Y be the subfactor i

set of the resource environment.

i = 1,2,…,5;   m = 1;

k 1 = 1,2,3, 4;   k2 = 1,2,3;   k3 = 1,2,3;   k4 = 1,2,3;   k5 = 1,2,3, 4

  Th  e environment model of the technology diff usion fi eld can be obtained 

according to Figure 6.8, as shown in Figure 6.9.

Step (1) in Section 6.2.3 is repeated to get the weights of the subfactor 

set of the resource environment of the technology diff usion fi eld, as shown 

in Table 6.9.

  2. Subordinate and closeness degree of the subfactor set in the resource environ-

ment of the technology diff usion fi eld

  Suppose the comment set for the fuzzy relation matrix of the standard object 

subfactor layer is as given in Formula 6.16, and the weights as shown in 

Table 6.9.

Repeating step (2) in Section 6.2.3, gives the 

subordinate degree of the subfactor set of the resource environment as shown in Table 6.10. 

Y : Y , Y , Y , Y 1 11 12 1314 Table 6.11 illustrates the subordinate degree of the 

Y : Y , Y , Y 2 21 2223 T subfactor set while Table 6.12 shows the close-

Y−− Y : Y , Y , Y       −−q 3 31 32 331       ness degree of the subfactor set of the resource 

Y : Y , Y , Y 4 41 4243 environment of the technology diff usion fi eld.

Y : Y , Y , Y , Y 5 51 52 5354 3.   Weight and closeness degree of the primary fac-

tor set

Figure 6.9 Environment  In the evaluated region q , let mY be the primary 

model of the technology  factor and Y be the subfactor set of the resource  i

diffusion fi eld.                     environment in the technology diff usion fi eld. 136 䡲 Theory of Science and Technology Transfer and Applications 

 

Table 6.9  Weights of the Subfactor Set 

of the Resource Environment of Technology 

Diffusion Field

k

wik         1          2          3          4

1   0.29311   0.17176   0.28748   0.24766

2   0.33715   0.27833   0.38452

i            3      0.29187     0.30730     0.40083

4   0.44000   0.23750   0.32250

5   0.29603   0.30624   0.20860   0.18913

 

Table 6.10  Subordinate Degree of the Subfactor Set of the Resource Environment

j

Bij             1              2              3             4             5             6

1   0.05806    0.20853   0.08843   0.13273   0.18282   0.10056

2   0.10000    0.20114   0.13845   0.19412   0.18279   0.06629

i          3      0.05992     0.27081     0.18171    0.15992    0.16927    0.12919

4   0.04400    0.19650   0.17975   0.17950   0.24425   0.04400

5   0.10874    0.16743   0.09218   0.15006   0.19382   0.10102

 

Table 6.11  Subfactor Set 

Subordinate Degree of Standard 

Object T

j

Bij             1         2     3     4     5     6

1   0.29311   0   0   0   0   0

2   0.38452   0   0   0   0   0

i          3      0.40083     0     0     0     0     0

4   0.44000   0   0   0   0   0

5   0.30624   0   0   0   0   0
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Table 6.12  Closeness Degree of the Subfactor Set of Resource Environment of Technology 

Diffusion Field

i              1                  2                 3                 4                 5

λi     0.52903    0.55000    0.52996    0.52200    0.55437

 

Table 6.13  Weights of the Primary Factor 

of the Resource Environment

i               1                  2                 3                 4                 5

W i   0.28562   0.30139   0.07106   0.14938   0.19254

 

Table 6.14  Subordinate Degree of the Primary Factor of the Resource Environment

i              1                  2                 3                 4                5                6

Bi    0.11425    0.05492    0.17023    0.16090   0.21345    0.05272

 

Table 6.15  Subordinate Degree of the 

Primary Factor Set of Standard Object T

i                    1            2      3      4      5      6

^

Bi        0.30139    0    0    0    0    0

 

m = 1; i = 5

By repeating step (1) in Section 6.2.3 the subfactor weights of the primary factor of the resource environment as shown in Table 6.13 can be got.

Let ri1 = λ i, and the weights as shown in Table 6.13. By repeating step (2) in Section 

6.2.3 the subordinate degree of the primary factor of the resource environment as shown in Table 6.14 can be got.

Suppose the comment set for the fuzzy relationship matrix of the subfactor layer 

of standard object T is as Formula 6.16 demonstrates, and the weights are as shown in Table 6.13. Step (2) in Section 6.2.3 is repeated to get the subordinate degree of the primary factor set of T as shown in Table 6.15.
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According to Formula 6.1.14, the closeness degree between the subordinate degrees of the social environment primary factor set and the subject primary factor can be obtained by using MATLAB. According to Figure 6.6, the closeness degree of their subordinate degrees is:

 

λ = λ = y i 0.55712

Th at is,

 

y = 1 =

λ   1.79495 y

 

6.4  Technology Transfer Rate of the Technology 

Diffusion Field

6.4.1  Technology Transfer Rate

Th  e general formula of Cobb–Douglas Production function is

Y     α β = AK L                     (6.18)

where

Y is the output (gross output)

K is the capital

L is the labor (number of workers)

 

Elasticity of capital:       ∂Y K α = ⋅ ∂ K Y

 

Elasticity of labor:      ∂Y L β = ⋅ ∂ L Y

α + β = 1

where A is the production effi  ciency parameter (average product capacity here) We call α        β L and K production elements, denoted as M.

Th  en Formula 6.18 is

Y = AM (6.19)

where Y = . Y(t); A = A(t); M =

M(t).
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Th  e change or increase in Y caused by the change in t is denoted by ΔY

Δ ≈ Y dY = MdA + AdM (6.20)

Th  us the increased rate of output is

 

ΔY      dY   MdA + AdM ≈ = Y =             (6.21) Y Y Y

Substituting Formula 6.21 for Formula 6.19

 

Y   dA   dM = +                   (6.22) A M

Let

 

A   dA =                     (6.23) A

 

M   dM =                  (6.24) M

Formula 6.22 is

Y   = + A M               (6.25)

It means the increased rate of output equals the sum of the increased rates of pro-duction capacity and production elements approximately.

Parameter A represents the average production capacity of the technology level 

in one region. A* represents the new production capacity with a higher technology level, when applying technologies in all available areas.

Th  eoretically, thanks to the application of new technology, the transfer of pro-

duction capacity is A − A*, which is not true in fact. Although new technology can raise production capacity, they are not necessarily equal. Only when applied in every possible production area, and found in all productivity factors, can it equal the theoretical A*, with the increase reaching A − A*.

It is diffi  cult for all to adopt this new technology in a short time, because of 

the features of the technology itself and regional discrepancy. When many factors restrict technology diff usion, the users’ technology transfer rate is denoted as γ.

After introducing new technologies the regional production increases by ΔA, 

then

 

Δ = γ A( A* − A), ( A* ≥ A;0 ≤ γ ≤ 1) (6.26)  140 䡲 Theory of Science and Technology Transfer and Applications 

 

6.4.2  Quantitative Analysis of the Technology Transfer 

Rate of the Technology Diffusion Field

  1. Quantitative index system for the factors infl uencing technology transfer 

rate

  Technology transfer rate γ is a complicated system. Th  e quantitative index 

system for the factors infl uencing it is shown in Figure 6.10 with the primary factor set γ and subfactor set γ , (i  1, 2,…, 6). i =

2.  Quantitative calculation fl owchart of the technology transfer rate of the tech-

nology diff usion fi eld

  Step  6.1.4  is  repeated  to  fi nd out how many of these factors can infl uence 

the technology transfer rate. Figure 6.5 shows the fl owchart of weight calculation.

Let the subordinate degree of “standard object T” be

B ˆi = ( 1,0,0,0,0,0) (6.27)

  Step 6.1.5 is repeated to calculate the subordinate degree λ of the technology i

transfer rate. Th  e MATLAB program can be used for calculation.
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Figure 6.10  Quantitative index systems for the infl uencing factors of technology transfer rate.
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6.4.3  Establishment of Axis z of the Technology 

Diffusion Field

Th  e growth rate of productivity is

 

A   ΔA =                    (6.28) A

Substituting Formula 6.28 for Formula 6.26

 

A   γ( A *          ⎛         ⎞ − A ) A * − A = = γ ⎜                   (6.29) ⎟ A ⎝ A ⎠

Suppose the production factor M remains unchanged. To obtain the maximum yield growth rate, A* should get its maximal value. However even in this case, yield growth rate could still be zero, that is, γ = 0, because of the lack of ability to absorb this technology in the absorption region. In conclusion, technology transfer rate decides the eff ect of this activity. When all adopt the new technology in the region, γ = 1, whereas on the contrary γ = 0 for social, economic, or technological reasons.

Let λ γ = λi

 

z = 1 , (λ ≠

λ γ    0)                                  (6.30)

γ

 

It is benefi cial for technology diff usion when z → ∞.

 

6.4.4  Simulation of the Quantization 

of the Technology Transfer Rate

  1. Subfactor weights of the primary factor of technology transfer rate of the 

technology diff usion fi eld.

  Suppose the primary factor of technology transfer rate in the evaluated region 

q is , and its subfactor set is m γγi

i = 1;   m = 1;   k1 = 1,2,…,6;

  From Figure 6.9 we can get the environment model of the technology diff u-

sion fi eld, as shown in Figure 6.11.

Step (1) in Section 6.2.3 is repeated to calculate the subfactor weight 

constituting the primary factor of technology transfer rate, as illustrated in 

Table 6.16.
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Creator or innovator of

Propelling power …                                                … Pulling power transform into market the technology priority new technology gain         Social demands
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information

 

Demand party

Other affecting                                                         Other affecting Market pressure         pursuits the

 elements                                                            elements

maximum profit

Auxiliary Auxiliary

propelling              Propelling              Pulling                  pulling

power               power              power                 power

 

Using technology subject 

 

Figure 6.11  Environment model of the technology diffusion fi eld.

 

Table 6.16  Primary Factor Weights of Technology Transfer Rate

i               1                  2                 3                 4                 5                6

Wi   0.16157   0.25282    0.05561   0.20863   0.18263   0.13876

 

  2. Subordinate degree of the primary factor of technology transfer rate

  Suppose that the subordinate degree of “standard object T” is as illustrated in 

Formula 6.27 and the weight is as shown in Table 6.16.

Step 6.2.4.2 is repeated to get the subordinate degree of technology trans-

fer rate, shown in Table 6.17. Th  e closeness degree of the subordinate degrees of technology transfer rate and T is λ γ = λi = 0.52660.

Th at is, z = 1 =

λ    1.89897. γ

Th  e space coordinate is established using the axis of λ , xλ , yλ to form the γ

integral environment of the technology diff usion fi eld. For research conve-nience, the technology source is taken as the origin and the axis of x, y, z is 
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Table 6.17  Subordinate Degrees of Technology Transfer Rate

i              1                  2                 3                 4                5                6

Bi    0.05321    0.16355    0.16843    0.08270   0.13830   0.06444

 

employed to construct a three dimensional space coordinate. Th e technology 

source evokes the diff usion fi eld and any absorber A in the fi eld owning its 

coordinate A(x, y, z). Th  e distance between the diff usion origin O and A is

 

r = |OA | = ( −    2 + −    2 x ) ( 0 + −   2 0 y ) (         ∈ 3 x y z z 0 ) , ( , , x y z R )     (6.31)

 

  r is the technology diff usion environment where the source and absorber 

belong.

Suppose the technology diff usion source to be the origin and the best 

environment factor is O  (0, 0, 0).  Th              y e bigger  , , x z  is, the worst it is for 

technology diff usion and absorption. We can use this distance to represent 

the infl uencing factors of technology diff usion abstractly. Th  e smaller the r, 

the better the environment is for technology diff usion, and vice versa.

 

r =       2    2    2           3 OA = x + y + z , ( , , x y z ∈ R )             (6.32)

 

6.5  Quantitative Analysis of the Diffusion Dynamic 

of the Technology Diffusion Field

6.5.1  Diffusion Dynamic of the Technology Diffusion 

Source and Technology Absorber

 1. Diff usion dynamic of the technology diff usion source: Despite the trends of secu-

rity and monopoly, the technology diff usion source is forced to disperse due 

to interior and exterior factors. Accelerating this diff usion process can com-

pensate the deployment cost and provide a satisfying profi t. With technology 

being upgraded continuously, technology sources will lose much of the profi t 

unless they make the best use of the opportunities. Meanwhile, the various 

owners of the same advanced technology will compete in this diff usion pro-

cess, and catalyze it.

 2. Diff usion dynamic of the technology absorber: Th e technology absorber 

can provide the following infl uences and benefi ts and lead to technology 

diff usion.
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 a. Optimizing the local industry structure: It will support and develop the 

leading local industries, spread new technologies to promote develop-ment and drive other industries that contribute to the national economy. A  regional  industry  system  having  the  features  of  high  effi  ciency  and coordinated increase, which meets the demands of economic develop-ment, will be established.

 b. Achieving sequence breakthrough in industry: Industries will achieve 

sequence breakthrough under the new technology. Th  e prospective, ret-rospective, and existing infl uences of the emerging departments will help to establish an effi  cient system that meets the demands of regional eco-nomic development. Th  e structure of enterprises in an industry is altered to provide economic benefi ts and allow the absorption of diff usion tech-nologies to distribute production on a scientifi c basis. As a result, it can eff ectively minimize waste and optimize the distribution process.

 c. Bridging the gap between economy and technology in developed regions to 

enhance competitive capacity: For the technology absorber, the diff usion can accelerate technology transformation in enterprises and improve its research and development ability to achieve a cycle of input, digestion, innovation, and output. Yet we have to admit that increasing the technol-ogy level may not necessarily bring visible eff ects. Th  erefore it should take the local level into consideration to ensure that technology transforma-tion really works and becomes the driving force of technology diff usion.

 d. Unifying the economic and social benefi ts: Successful technology diff usion 

can increase economic benefi ts. A high level of technology will minimize the waste of resources by paying the least or by obtaining maximum value with the same amount of labor and resources.

One important criterion to evaluate social and economic benefi ts is 

meeting social requirement. Enhancing economic benefi ts will undoubt-edly resolve the confl ict between demand and supply. Meanwhile the potential requirement should not be overshadowed by a short-time uni-lateral demand for short-term economic benefi ts.

 e. Enlarging the labor force: It can expand production and reduce social dif-

ferences. With the appearance of new materials, further exploitation of resources and emerging production departments, the scope for employ-ing labor will be greatly enlarged.

 f. Great attraction of the vast local market: Industries located near the con-

sumption area improve productivity. Accelerating the turnover speed of the circulating capital and catering to consumers, play an important role.

 g. Promoting sustainable development: Sustainable development is to seek a 

way that gives consideration to both the interests of contemporary people 
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and their descendants, and to realize coordination in society, the econ-omy, the population, the resources, and the environment as well as to give suffi  cient attention to the ecologic defi cit and environment overdraft in the process of industrialization and urbanization. Meanwhile, once the sustainable development strategy has been implemented, it will generate huge benefi ts in terms of reasonable use of resources, industry optimiza-tion, and ecologic environment protection, thus improving the quality of economic increase and promoting its healthy development, and fi nally laying the foundation to uplift the comprehensive national power.

Currently, environment pollution breaks the ecological balance, 

 damaging and threatening human security. Th  e main causes for this are the industrial pollutants, which are essentially because of the loss and waste of resources and energies. Th  rough technology diff usion, new tech-nologies, techniques, materials, and equipments, which cause no or little pollution will be adopted to make full use of resources and energies and to decrease the pollutants to a minimum.

h.  Solving the problems of poor technology equipments and uncomfortable 

working environment in factories.

In some enterprises, poor technology equipments and an uncomfortable working environment could cause accidents and professional diseases. Technology diff usion can liberate workers from these dangerous conditions and protect their health and working abilities.

We argue that the power of technology diff usion comprises propelling and pull-

ing forces. In the early period of technology creation and innovation those who adopted the new technical achievements gained excessive profi ts, thus creating the market competition pressure called the propelling force. Th  e pulling force is their pursuit of maximum profi t.  Th  e joint action of these two powers promotes the diff usion of the new technical achievements. Th  e relation between the technology diff usion powers is shown in Figure 6.12.

Th  ere are many advantages brought about by the new technical achievements, 

for instance, meeting market demands, better satisfying the present requirements, achieving unprecedented high effi  ciency, and saving a large amount of social resources thanks to low consumption. It will also bring excessive profi t to the creator or innovator or those adopting the new achievements in the early years 

 

γ–– γ1 : γ11, γ12, γ13, γ14, γ15, γ    −−q 161

Figure 6.12  Relation of technology diffusion powers.
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and raise their competitive ability. Th  is market  competition pressure propels other enterprises to adopt the new technology. In a word, the invention and innovation of technology is the propelling force of technology diff usion. Th  e early users of these achievements retain their technical superiority and high profi ts thus creating a market for competition, which promotes technology diff usion.

If later users of the new technical achievements cannot win the market or sur-pass their original profi t  level,  then  they  would  have  no  desire  to  adopt  this  new technology. For users, the mere existence of social demands does not necessarily result in action; only a pulling source, which will be transformed into real marketing demands when the appearance of the new technology conforms to people’s require-ment, their ability to pay, and overcomes the barriers to their ideals and conscious-ness will count. Th  ose who adopt the technology win a larger quota in the market and excess profi t, and the desire to adopt the new technology is born in others.

Th  e exterior driving power of the new technology users is the power of using this achievement and the interior power is the propelling power generated by increasing profi t of the later users because of market demands. Th  e two powers working at the same time only can promote technology diff usion.

Th  e essence of power is to win profi t and the ability to gain excessive profi t is provided by the technology process or technology level. Scientifi c discovery and technology invention create new social demands based on the original one that the technology diff usion sources rely on to conduct the technology invention and innovation and spread the technology later. Th  e basic impetus of this activity is the excessive profi t brought about by adopting new technical achievements. And the technology absorber accepts them to satisfy social requirements, which is also driven primarily by a desire to maximize profi ts. Th  e ability for this activity is  provided by the technology progress or technology level. For the sake of profi t, technology diff usion source and absorber should maintain the process of technology invention and innovation, diff usion, and absorption. During the period of operation of these phases, the propelling power is the desire of the technology source for excessive profi ts, and the pulling power is the impetus of the technology absorber for maxi-mum profi ts. Technology progress is the capacity for both of these powers. Further more, other factors and auxiliary pulling powers are also integrated into the power of technology diff usion besides the two listed above.

 

6.5.2  Quantization of the Dynamic 

of Technology Diffusion Field

Cobb–Douglas product function and its modifying and derivative model

In 1928, the American mathematician C.W. Cobb and American economist P.H. Douglass obtained the macro production function Q =       0.75   0.2 1.01 K L based on America’s statistical data from 1899 to 1922. Later the function was changed to Formula 6.33 to study the micro production function.
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Y     α β = AK L                      (6.33)

where

Y is the output (gross output)

L is the labor (number of workers)

K is the capital

A the other elements

α is the elasticity of capital to output

β is the elasticity of labor to output

α + β is the elasticity of productivity

Th e original form of the Cobb–Douglas product function refl ects  the 

unchanged returns to scale, the relationship between the fi nal achievement and labor, the capital and other elements including natural science, knowledge of social science, the adoption of new equipment and techniques due to technology dif-fusion, the enhancement of labor quality, and improvement of environment and policies. We use A to represent these elements and consider it to be the technology progress or level.

Let α + β = 1. From Formula 6.33 we can get

 

A    Y      ( ) 1 −α      ( ) −α         ( ) 1 −α       ( ) −α ⎛ Y ⎞ ⎛ K ⎞ ⎛ ⎞ Y ⎛ ⎞ K = = ⋅ = ⋅       (6.34) α β ⎜ ( ) 1 −α ⎟ ⎜ −α ⎜ ⎟ ⎜ ⎟ ( ) K L ⎟ ⎝ ⎠ ⎝ L ⎠ ⎝ Y L ⎝ ⎠ ⎠ Y

 

Assuming A = A(t), technology progress as a function of time.

Considering the macro aspect, Formula 4.5.3 can be employed to measure the 

technology progress.

 

A t    ⎛   ⎛   K ⎞         ⎛ K ⎞           ⎛    ⎞          ⎛ ⎜ 1 − ⎟ ⎞ ⎛ ⎜ − ⎟ ⎞ K K ⎞ ⎝ ⎠ ⎝ ⎠ ⎜ 1 − ⎟ ⎜ − ⎟ ⎜ Y ⎟ ⎜ Y ⎟ ⎛ ⎞ ⎝ Y K Y Y ⎠ ⎛ ⎞ ⎝ K Y ⎠ ( ) = ⋅ = ⋅          (6.35) ⎜ ⎛ K ⎞ ⎟ ⎜ ⎛ K ⎞ ⎜ ⎟ ⎜ ⎟ ⎟ ⎝ ⎠ ⎝ ⎠ ⎜ ⎜ 1 − ⎟ ⎜ − ⎟ L Y ⎝ ⎟ ⎜ ⎟ ⎝ Y ⎠ ⎝ ⎠ ⎝ Y ⎠ L Y ⎠

where

A = A(t) is the technology progress (technology level)

Y is the gross output

L is the workers and staff  members (labor)

K is the net value of fi xed assets

Formula 6.35 is inducted from Formula 6.34 which can demonstrate the 

technology progress or technology level of the technology diff usion resource and absorber, which provides the dynamics of the technology diff usion.
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6.5.3  Simulation of the Diffusion Dynamic 

of Technology Diffusion Field

Assume: Gross output Y = 4,000,000 RMB, Workers and staff  members L = 300, net value of fi xed assets K = 5,000,000.

Th  e technology progress (technology level) is

 

A t ⎛ ⎞ ⎛    K ⎞           ⎛   K ⎞                        ⎛   5,000,000 ⎞                      ⎛ 5,000,000 ⎞ 1 ⎜ − ⎟ ⎜ − 1 − − ⎟ ⎜ ⎟ ⎜ ⎟ ⎝ ⎠ ⎛ ⎞ ⎝ ⎠ ⎛ ⎞ ⎝ ⎠ ⎛ ⎞ ⎝ ⎠ Y Y K Y 4,000,000 4,000,000 5,000,000 4,000,000  ( )  =  ⋅  =  ⋅  ⎜ ⎟  ⎜ ⎟  ⎜  ⎟  ⎜  ⎟  ⎝ ⎠  L  ⎝ ⎠  Y  ⎝  300  ⎠  ⎝  4,000,000  ⎠

= 0.07041




Chapter 7

 

Technology Transfer 

 

Optimization and 

 

Disposition

 

Technology transfer starts from the technical achievements of the provider when he diff uses or transfers the technology to the technology adopter through various channels. Th  en the adopter will use, digest, absorb the new technology during the introducing process and fi nally make innovations. Developed countries or regions obtain great profi ts through technology transfer, while developing countries or regions wish to enhance their productivity level and economic strength. Hence, to fully utilize technology transfer in promoting regional economic development, every region should optimize the space available, using the power of the government and market, and make farsighted industrial development plans. In addition, based on the real situations and specifi c objectives of regional economic development, it is also necessary to adopt advanced technology and upgrade the industrial structure in time to promote the sustainable and healthy economic development of the country.

 

7.1 Linear Programming Model of Technology

Transfer of Unipolar City Based 

on the Perfect Mechanism

It is of practical value to research the element of transfer in regional cooperation and competition within a country, to achieve optimal regional allocation and improve the effi  ciency of the allocation. Many domestic and foreign scholars are studying the 

149
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subject extensively. However, correlative research on technology transfer through the linear programming model, on the basis of regional restrictions and conditions based on the diff erent elements of science and technology, is lacking. Th  ere is also no reasonable explanation as to how to reach optimal allocation of spatial transfer in city network systems by means of technology transfer.

Th  is section establishes a linear programming model of the eff ect of  technology transfer, which treats optimal profi t of technology transfer as a target, under the restrictive conditions of available resources, environmental capacity, systems  constraints, and so on. It can be concluded that, with the perfect mechanism, the regional  economic  system  which  has  Unipolar  elements  of  technology  and  non-competitive resources, could realize the Pareto optimal distribution through profi t-chasing technology transfer, whereas competitive resources cannot reach Pareto optimal distribution, and that, when the marginal income of technology transfer is equal to the marginal cost, the profi t of technology transfer is maximized. Th e optimal allocation of technology transfer forms an echelon distribution which is restricted by profi t, resources, environment, and other elements.

 

7.1.1  Several Important Concepts

7.1.1.1  Technology Transfer and Technology Elements Transfer

During a given time, the regional horizontal transfer of technology may result in diff erent benefi ts, which essentially means the transfer and combined movement of several useful elements among diff erent participants, under conditions of uneven distribution of resource, technology diff erence, etc. Th  e relation between technol-ogy elements transfer and technology transfer is similar to that between form and eff ect.

 

Defi nition 7.1: (Technology transfer and technology elements transfer) Th rough certain approaches, local elements such as technology labor, technical information, and technology management transfer from one region to another and are rationally combined with technology elements. Technology transfer occurs when productiv-ity has been increased.

 

Defi nition 7.1 has the following three meanings:

  1. Technology elements carry technology transfer and are the specifi c manifes-

tation of technology in the process of spatial transference. Th  ey also refl ect the character of technology transfer.

  2. In the process of technology transfer, technology elements of the local region 

combine with new elements to achieve greater productivity.

  3. Technology transfer is the result of technology elements transfer.
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7.1.1.2  Perfect Mechanism of Technology Elements Transfer

Th e mechanism of technology elements transfer diff ers in diff erent  economic  systems. In a completely planned economic system, technology elements are utilized through planned allocation. In a complete market economy, the interest-chasing mechanism is used. History has proved that any allocation mechanism with only a single element cannot harmonize the relation between individual income and social benefi t or maximize one of them. To simplify the study, we make the assumption that this kind of mechanism exists as shown in Defi nition 7.2.

Defi nition 7.2: (Perfect mechanism of technology elements transfer) Th e mecha-nism that can make reasonable allocations to individual profi t and social benefi t through diff erent interests is called perfect mechanism.

 

Defi nition 7.2 has the following two meanings:

 1. Market profi t brought forth by technology elements transfer, namely individual 

income and social benefi t, can be properly allocated by market mechanism.  2. Market  mechanism  cannot  ensure  the  rational  allocation  of  market  returns 

(positive external eff ect) brought forth by technology elements transfer. In this 

situation, if the government can make an exact prediction of the social benefi t 

and put forward some rational compensation mechanisms, the participants will 

get appropriate compensation according to their contribution to social benefi t.

7.1.1.3  Competitive and Noncompetitive Technology Elements

Th  e transfer of some technology elements, though not all, may create competition between the receiver and the provider. Also, the quantity of some technology ele-ments being transferred may be limited. To distinguish between them, we classify them as competitive and noncompetitive elements, as shown in Defi nition 7.3.

Defi nition 7.3: (Competitive and noncompetitive technology elements) According to whether the elements transferred can harm the provider, we classify them as competitive and noncompetitive elements.

 

Defi nition 7.3 has the following two meanings:

1.  Noncompetitive technology elements are those that, when transferred, do not 

harm the profi t of the provider, and the quantity of which is not limited, in 

terms of technique, information, management, etc.  2. Competitive technology elements are those that, when transferred, can harm 

the provider, and the quantity of which is limited, in terms of technical  talents 

and technical equipment.
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7.1.1.4  Technology Transfer in a Unipolar City

Th  e pursuit of profi t is one of the most basic needs of people. Th  erefore, as long as transfer of technological elements bring profi ts, they will do so, and the more  benefi t there is, the more enthusiasm there is.

Th  e main dynamic of technology transfer is the diff erence in interest between the diff erent regions. While other conditions remain unchanged, technical elements will only move to regions with higher profi t. To simplify the study, we assume that technical elements will move only to the region that provides the highest profi t. In other words, we take only technology transfer of a Unipolar city into consideration, as shown in Defi nition 7.4.

 

Defi nition 7.4: (Technology transfer of Unipolar city) In the process of technology transfer, the central polar is the city with the highest profi t. Technology transfer of a Unipolar city means that technology will be transferred only to the city with highest profi t.

 

Defi nition 7.4 has the following two meanings:

1. Technology will be transferred from the city with a lower profi t to that with 

a higher profi t.

  2. In the process of transfer, technology will be transferred to the city with the 

highest profi t, in pursuit of maximum effi  ciency.

 

7.1.2  Linear Programming Model of Technology 

Transfer of a Unipolar City Based on the Perfect Mechanism

7.1.2.1 Objective Analysis

Defi nition 7.5: Under the condition of perfect mechanism, the objective of profi t-chasing transfer of technology elements is in accordance with the optimal alloca-tion of social benefi t.

Proof:  If technology elements are transferred with the motivation of profi t-chasing, two kinds of relations may occur between individual profi ts and social benefi t in the market economy system: individual profi t may be coincident with social ben-efi t, or it may not.

Under the fi rst condition, the objective of profi t-chasing transfer of technology elements must be in accordance with the optimal allocation of social benefi t.

Under the second condition, according to Defi nition 7.2, perfect mecha-nism could make a rational compensation to the participants according to their 
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contribution to social benefi t. In this situation, the more the contribution, the more the profi t they will get.

Th  erefore, under the conditions of perfect mechanism, the goal of profi t-chasing 

transfer of technology elements must be in accordance with the optimal allocation of social benefi t.  ❑

 

Th is chapter assumes that technique-j is transferred from a Unipolar city 

denoted k, to m cities. Th e eff ects of technology elements transfer are maximized as an objective function, which is expressed in Formula 7.1 as follows:

 

F          ⎛ m n                m n             ⎞ ( Δ = P ) max ⎜ ∑ ∑ λ k → i j , Δ P k → i j , + ∑ ∑ λ i → k j , Δ P k → i j , ⎟ ⎝ i j i j ⎠

=    m n max ∑ ∑ (λk →i j ,        i→k j , ) + λΔP k→i j ,,    j = 1,2,…,n and i = 1,2,…,m

i    j

 

where

λ    is each unit benefi t to city-k, from the transfer of element-j from city-k to k → i,j

city-i

λ    is each unit benefi t to city-i, from the transfer of element-j from city-k to i ← k,j

city-i

ΔP    is the quantity of element-j from city-k to city-i k → i,j

λ k → i,j ΔPk      denotes the total income of city-→ i,jk, from the transfer of element-j 

with quantity of ΔP     from city-k to city-i k → i,j

λ     P i ← k,j Δ     presents the total profi t of city-i, from the transfer of element-j k → i,j

with quantity ΔP     from city-k to city-i k → i,j

7.1.2.2 Identifi cation of Constraints

Th  e transferring of elements is restricted by the resources available, bearing capac-ity of the environment, extent of system constraints, and the amount of technology elements, etc.

1. Constraints of technical condition

a.  Constraints of technical level

Th  rough high level management, talented labor can promote the development of society with advanced tools and high technology. Th  us, technology transfer hap-pens only when the technology being introduced is of a higher level than that in the local region, and can greatly improve the production effi  ciency of the local region.
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Th  e number of technology elements in a certain region is limited, so the effl  uent technology elements cannot exceed the total number in the region.

  2. Constraints of available resources

When technology elements are transferred from one region to another through  certain modes and approaches, and combined with the elements already found there, production capacity is increased. After that, the process is expected to con-tinue, although resource constraints restrict the amount of transfer.

  3. Constraints of environmental bearing capacity

Technology  transfer  is  restricted  by  certain  environment  conditions  such  as  transportation, storage, power supply, wholesale and retail trade, fi nance and insur-ance business, scientifi c research services and the ability to deal with pollution. All these restrict the amount and the rate of technology transfer.

  4. Constraints of the system conditions

Whether technology can be rationally transferred, eff ectively allocated, and play its role persistently, at least to some extent, depends on the institutional arrange-ments, social environment, and cultural atmosphere, which have to be conducive to developing innovative activities and fi nding one’s potential  talent. Furthermore, the requirements of diff erent types of technology are not the same. Systems conditions generally include tax policy, distribution and incentive mechanisms, security assur-ances, and interest returns, as well as some other aspects.

5. Constraints of profi t conditions

In perfect mechanism, “input–output benefi t” is the trend for the transfer of  technology elements. Whether the resources are competitive or noncompetitive, technology elements will be transferred only when the profi ts got from transferring are greater than before.

According to the above analysis, we assume that they are linearly related to simplify the study, and the optimization model of technology transfer is established as follows:

 

F          ⎛ m n                 m n              ⎞ ( Δ = P ) max ⎜ ∑ ∑ λ k → i j , Δ P k → i j , + ∑ ∑ λ ⎝ i → k j , Δ P k → i j , ⎟ i j i j ⎠

=    m n max ∑ ∑(λk →i j ,        i→k j , ) + λ ΔP k→i j , (7.1)

i    j
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⎧ri j , ( ) t = ai j , ( ) t P i j , ′ ≤ Ri j , ( ) t ⎪

⎪ei j , ( ) g = bi j , ( ) g P i j , ′ ≤ Ei j , ( ) g ⎪

⎪si j , ( ) c = Δ h P ( k →i j ,) ≤ Si j , ( ) c ⎪

s.t. ⎪ (7.2)  ⎨  ⎪P i j , ′ = P i j , + ΔP k→i j ,

⎪ m ∑ ΔP k →i j , ≤ P k j ,

 

⎪ l P ( k j ,) = Δ l (P k→i j , ) > l P ( i j ,) ⎪ ⎪ i

 

⎪λk →i j , + λi→k j , > 0 ⎪ ⎪ r i j , ( ), t e i j , ( ), g s i j , ( ), c ΔP k→i j , ≥ 0 ⎩

where

P i′ ,j is the quantity of element-j after transfer of element has accomplished

P is the quantity of element-j before transfer of element starts k,j

r (t) is the amount of resources needed in the process of using the element-j in i,j

city-i

t denotes the category of element

a (t) is the amount of resources needed for each unit element i,j

R (t) is the amount of resources that city-i could provide for element-j i,j

e (g) is the demand of production environment in the process of using the ele-i,j

ment-j in city-i

g denotes the category of element

b (g) is the amount of resources needed for each unit element i,j

E (g) is the capability that city-i could bear for element-j i,j

si,j(c) is the system guarantee demanded in the process of using the element-j in 

city-i, and it is the function of ΔP     , here c denotes the category of system k → i,j

restraints

S (c) is the total system restrictions of city-i that is relational with local invest-i,j

ment policy and the policy of element transfer and so on

l(P ) is the level of scientifi c and technological element-j of city-k k,j

l(P ) is that of city-k. Th  ey are the function of i,jΔPk → i,j

 

7.1.3  Study of the Properties of the Linear Programming 

Model of Technology Transfer of a Unipolar City Based on Perfect Mechanism

To conduct research on the properties of technology transfer in a Unipolar city on the basis of perfect mechanism, we put forward the following two lemmas.
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Lemma 7.1:  Th  e receiver region can realize the maximum profi t from elements transfer.

Proof: Th e profi t of receiver city-i  from elements transfer is,  ( ) F i = λ Δ i ← kP k →i = λi X i, the restrictive condition is                n D i ( ) = { X i ∑ j     p x j j   d x ,    0 = = ≥} 1              j       . Th  en, we get optimal 

profi t.

1° Certify that the condition of the linear programming model is a convex set.

To prove that the set of all feasible solutions is a convex set, it is enough to prove that the point in the line which joins random points belong to D(i).

Assume    (1)         (1)    (1)         (1) T      (2)         (2)    (2)         (2) T X = ( x , x , … , x ) , X = ( x , x , … , x ) are random points 

1    2        n                1     2        n

belonging to             (1)       (2) D(i), and X ≠ X.

So

 

∑ n     =      ≥     =   … p x(1)              (1) b , x    0,    j    1,2,    ,n j    j                    j

j =1

∑ n      =      ≥     =   … p x(2)              (2) b , x    0,    j    1,2,    ,n j    j                    j

j =1

 

Let X = (x , x , …, x )T                                        (1)             (2) be the point in the line which joins X and X, and then 1 2 n

x      (1)                  (2) = α x + − α (1 ) x, (0 ≤ α ≤ 1) are the constraints, so that

j             j                         j

 

∑ n            n = ∑    α    + − α p x            (1)                  (2) p [ x (1 ) x ] j    j                j        j                         j

j=1            j=1

= α n             n               n ∑ + ∑ − α ∑ p x (1)                (2)                   (2) p x p x j    j                 j    j                      j    j

j=1             j=1               j=1

= α + − α = d d d d

 

And because x(1) , x(2) j ≥ 0, α > 0, 1 − α > 0, so, xj ≥ 0, i =  1, 2, …, n X j∈ D(i), D(i) is a convex set.

2° Due to the limitation of resources and bearing capability of the environment, the region where linear programming is feasible is limited.

According to the theorem of linear programming, if the feasible region is a limited convex set, the objective function must reach the maximum at the points of the feasible region. Hence, the maximum profi t of the receiver city-i from elements transfer can be obtained.  ❑

 

Lemma 7.2: Th e profi t of the transmitter region from elements transfer can reach the maximum.
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Proof : Th e profi t of transmitter city-k from elements transfer is, F(k) = λk → i ΔPk → i = λ k Xk, the restrictive condition is D k ( ) = { Xk = ∑m X X ,    0 i = 1 i i ≥}. Th en city-k could gain maximum or minimum profi t.

Let λ i = 1 in 1° of Lemma 7.1, then X can reach the maximum at the points of i

the feasible region. So                                                   m X can reach the maximum if D k ( ) k                                                          k        i= X = { = ∑1 X , 0  i  X  i  ≥}

. 

So, if λ k ≥ 0, F(k) can reach the optimal point when all receiver regions gain the most profi t. When λk < 0, F (k) is minimized.  ❑

 

Proposition 7.2:  In  an  economic  system  with  a  unipolar  region  of  technology based on perfect mechanism, noncompetitive resources can realize Pareto optimal distribution by technology elements profi t-chasing transfer, whereas competitive resources cannot realize Pareto optimal distribution.

 

Th  e proposition shows two situations.

In the fi rst situation, noncompetitive resources can realize Pareto optimal dis-

tribution by technology elements profi t-chasing transfer.

Based on perfect mechanism, the transfer of noncompetitive elements does not 

aff ect the profi t of the transmitter region, λ k → i ≥ 0, λi ← k ≥  0,  so by Lemma 7.1 and Lemma 7.2, when the receiver region achieves the most profi t, the transmitter region can also gain the optimal profi t. Th  en the profi t of elements allocation will reach the maximum, and Pareto optimal distribution will be realized.  ❑

 

In the second situation, competitive resources cannot realize Pareto optimal 

distribution. Th  is can be proved by reduction to absurdity.

Assume that competitive resources can reach Pareto optimal distribution by 

technology elements profi t-chasing transfer. In other words, the individual in soci-ety gets maximum profi t by not damaging the interest of others.

In perfect mechanism, the transfer of competitive resources can cut down 

the profi t of the transmitter, that is, λi ← k ≥ 0, λk → i ≤ 0, so an increase in F (i) will make F (k) go down. Th  at is, the increase in the profi t of the receiver region can make that of the transmitter region decrease, so this is not a Pareto optimal state, and so it is impossible to get Pareto optimal distribution.  ❑

 

Proposition 7.3: On the condition of perfect mechanism, competitive or noncom-petitive resources will improve the total profi t.

Proof:  It could be proved by reduction to absurdity.

Under conditions of perfect mechanism, competitive or noncompetitive 

resources will not increase the total profi t through transfer.
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max ⎛ m n                 m n              ⎞ ∑ ∑ λ ⎜ k → i j , Δ P k → i j , + ∑ ∑ λ i → k j , Δ P → , ⎟ ⎝ k i j i j i j ⎠

=    m n max ∑ ∑( λk →i j ,        i→k j , ) + λΔP k →i j , < 0

i    j

 And ( λ k → i j , + λ i → k j , ) 0, ≥ ΔP k→i j , ≥ 0

 

So max ∑ ∑ m n( λk →i j ,        i→k j ,) + λΔP k →i j , ≥ 0

i    j

which is not in accordance with the assumption, so the assumption is wrong, and the proposition is proved.  ❑

 

Proposition 7.4: Th  e optimal allocation of technology transfer constitutes an ech-elon  distribution  which  is  restricted  by  profi t, resource, environment, and other elements.

 

From  Proposition  7.2,  we  know  that  for  region i, the optimal profi t is {F(i)} { } under the condition of             n D i             i                j    j j = X = ∑ 1 p x    b x ,    0 = > j  by transferring its technol-

ogy Xi.

Th en, the optimal profi t for all of regions is max(F ) =  {F , F … F … F }, 1 2 i m under the condition of D = {D , D … D … D }, by transferring their technologies 1 2 i m X = {X , X … X … X }. 1 2 i m

Th  erefore, the optimal allocation of technology transfer constitutes an ech-elon  distribution  which  is  restricted  by  profi t, resource, environment, and other elements.

When restrictive conditions are the same for all the regions, namely D D  1  =  ,  i

i =  2,  3,  …, m, and the number of elements of the diff erent regions is X1 = Xi, i = 2, 3, …, m, there is uniform distribution of technology transfer. Th e proposition is proved.  ❑

 

Proposition 7.5: Under the condition of perfect mechanism, the eff ect from tech-nology elements transfer can reach the maximum when the marginal profi t  of  elements transfer equals marginal cost.

Proof: It is assumed that the profi t of technology elements is Ipk →i j , = Δ v (P k →i j , ), and the cost is Cek →i j , = w( ΔP k →i j , ). Th  en the eff ect is

 

π Δ (P k→i j , ) = Ipk→i j , − Cek→i j ,

= Δ v (P k→i j ,) − Δ w (P k→i j , )
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Figure 7.1  Relationship of marginal income, marginal cost, and quantity of fl ow.

 

With universality, suppose the cost and the income curves are shown in Figure 7.1. Th  e slopes represent the marginal income and the marginal cost, respectively.

When π(ΔPk → i,j) > 0,  the  transfer  of  technology  elements  occurs.  From 

Figure 7.1, it is obvious that technology elements are transferred at point ΔP , the 0 maximum profi t of transfer is reached at point ΔP*, and the transfer of elements stops at point ΔP . t

For fi nding the maximum value of π(ΔP k → i,j), let π′(ΔPk → i,j) =  0,  that  is, 

Δπ   Δv   Δw = − = 0, and we get the solution ΔP*. So the maximum profi t is realized Δ P Δ P Δ P

when marginal income is equal to marginal cost.  ❑

7.1.4 Case Study

Assume that A, B, C, D, E, F, G, are the server cities, of which city-A possesses of the maximum and the highest level of a certain element of science and technology. Th  is element is of much value in the development of regional economies, and it is sought by every city. So during the transfer of this element, a positive system is provided, and so the constraint of system is not found in the model. According to the model discussed above, the transfer of this element is described here.

 

7.1.4.1  Linear Programming Model for Noncompetitive Resource

Assume the parameters that are provided in Tables 7.1 and 7.2.

Using the optimization model, the transfer and the profi t of every city can be 

worked out, as shown in Figure 7.2.
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Table 7.1  Indicators of Element Transfer of Every City

A     B    C     D     E     F     G

λA → i                            2.8       2.2       2.5       1.7        1.4        1.1

λi → A                             4.5       4         3.5        3          2.5        2

Pi                          93       80      85       90       73       65

ΔP A → i,j                       7         0         6.67      5.83    15.46     25

λA → i,jΔP A → i,j      95.33     19.6      0       16.68      9.91    21.64     27.5

λi → A,j ΔP A → i,j                 31.5       0        23.35     17.49     38.65     50

 

Table 7.2  Indicators of Element Transfer of Every City

ai(t)                       Ri(t)                       bi(t)                      Ei(m)

a(1)    a(2)   a(3)   R(1)   R(2)   R(3)   b(1)   b(2)   b(3)   E(1)   E(2)   E(3)

B   0.12   0.15   0.2    15    18    25    0.24   0.26   0.3    25    28    30

C              18   15   16                24   27   30

D             18   14   25               22   24   35

E                    20    16    20                     23    26    32

F                    15    14    18                     25    23    28

G             12   15   20               22   25   27

 

Effects           F        0

E 1.1

G   0.4                              8 0

8

5.9

D         3             1

A

0.9

Regional economy              6                12.

system                               5    1

C

2.4        B

2.5          ΔP

 

Figure 7.2  Profi t and transfer of technical elements in every city.

Technology Transfer Optimization and Disposition   䡲   161

 

Table 7.3  Indicators of Element Transfer of Every City

A      B     C     D      E      F      G

λA → i                                −2.8     −2.2      −2.5       −1.7        −1.4      −1.1

ΔP A → i,j                             7         0          6.67       5.83      15.46       5.04

Pi                   40          93       80        85        90         73        65

λA → i,j ΔPA → i,j      −73.37      −19.6       0       −16.68     −9.91    −21.64     −5.54

λi → A,j ΔPA → i,j       121.07       31.5       0         23.35      17.49      38.65     10.08

 

7.1.4.2  Linear Programming Model for Competitive Resource

Assume the parameters are those provided in Table 7.3, and that the other coef-fi cients are the same as above.

 

7.2  Linear Programming Model of Technology 

Transfer of Unipolar City Based 

on the Perfect Mechanism

We have talked about the linear programming model of technology transfer under unipolar condition. Actually, technology transfer has several objectives and a mul-tipolar feature; therefore this part will focus on the linear programming model of technology transfer of a multipolar city based on the perfect mechanism.

 

Defi nition 7.6: (Network transfer of urban technology) In the process of urban technology transfer, the elements of technology will transfer to cities with higher profi t. Th  ese subjects, either the supplier or the demand party, constitute a dynamic network structure, details as shown in “Mechanism of technology transfer.”

 

7.2.1  Linear Programming Model of Technology Transfer 

of Multipolar City Based on the Perfect Mechanism

7.2.1.1 Objective Analysis

Technology transfer is intended to better realize the value of the technology ele-ments as well as to ensure the prosperity, stability, and harmonious development of society. On this basis, the objectives during the technology transfer between n cities are assumed to be as follows:
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1. Objective one: Profi t maximization of the transfer of the technology elements

Pursuing profi t is people’s basic demand. Th  e transfer of the technology elements takes place once benefi t is assured during the process and profi t is increased by the transfer dynamic. Here the transfer profi t indicates the net profi t, subtracting the profi t of the transmitter region and the transfer cost from the profi t of the receiver region.

 

F ( Δ =    n       n ⎛ 1              ⎞ P 1)   max ∑ ⎜   ∑ λ Δ → → ⎟ ⎝       k i P i =1   2               k   i ⎠ k =1

= 1     n n max ∑ ∑ (λ Δ k (7.3)  →  i  P  k  →  i  )

2    i= = 1 k1

where λ k  is each unit profi t to city-k, from the transfer of elements from city-k → i

to city-i.

Th  is is the diff erence between the profi t and cost for the transfer of each unit of technology element. When it transfers from city-k to city-i, λ  is positive, from  k  →  i

city-i to city-k, λk     is negative. → i

ΔP is the quantity of element from city-k to city-i. When it transfers from k → i

city-k to city-i, ΔP     is positive, in the reverse order, k  iΔP     is negative, and → k → i ΔP     0. i → i =

λk → i ΔPk  k, from the transfer of element with  →  i  denotes the total profi t of city-

quantity of ΔP     from city-k to city-i. k → i,j

  2. Objective two: Th  e coordinated and steady development in the region

Th  e coordinated and steady development in the region is the important goal for all governments when developing regional economy. It refl ects the reasonable and equal distribution of various political and economic interests among all social members. As an inevitable result of market economy, this objective demands tech-nology transfer. Here it is assumed that the sum of the technology growth rate of all regions is largest.

 

F (       =    n                ∑n n     P = k = Δ → Δ ∑ ∑ 1 ki P 2 ) max t i max                    (7.4) = i 1 i = 1 P i

 

where  ∑n= ΔPk→i  P  k  i  is the original quantity of technology element in region- i,  t  1  i  =  .  P  i

  3. Objective three: Regional stability

Maintaining the stability of the region is an important goal of the development plan and an important content of the comprehensive construction of a well-off  society 
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in China. Let = ∑n k=1 ΔP k→i t i be the technology growth rate in diff erent regions, then P i

variance of t and the average rate t− is a minimum. i

( Δ          n = ∑   −

F 3               i ) min (                                 (7.5)  t  t  )

P            2

i =1

 

where                                                = ∑n= t t− is the average growth rate in diff erent regions, t i 1i . n

7.2.1.2 Constraint Conditions

Th  e  quantity  of  technology  transfer  is  restricted  by  available  resources,  environ-ment bearing capacity, degree of constraint in the system, quantity of elements, technical level, and other conditions. For convenience, it is assumed that these are linear relationships.

According to the analysis above, the optimal model of technology transfer is as 

follows:

 

F            ⎧ 1   n n                 n        n       2 ⎫ ( Δ P k → i ) = max α ∑ ∑ λ Δ k → i P k → i + α ∑ t i − α ∑ t i − ⎨ 1 ( ) 2 3 ( t ) ⎬ ⎩ 2 i = = 1 k 1 i = 1 i = 1 ⎭

 

s.t. ⎧    n P i + ∑ ΔP ⎪ k→i ≥ 0 i = 1 ⎪ ⎪ r t i ( ) = a t P i ( ) i ′ ≤ R t i ( ) ⎪ ⎪ e g i ( ) = b g P i ( ) i ′ ≤ E g i ( ) ⎪ ⎪ s c i ( ) = Δ h P ( k → i ) ≤ S c i ( ) ⎪                                  (7.6)  ⎨  l P  ( )  k  = Δ  l  (  P  k  →  i  )  >  l P  ( )  ⎪  i  ⎪  ⎪  ∑  n  P  =  k  =  1  Δ  k  →  i  t  ⎪  i  P  ⎪  i  ⎪  α + α + α =  1  2  3  1  ⎪  ⎪  r t  i j  ,  ( )  ,  e  ,  α α α ≥  ⎩  i j  ,  ( ),  g s  i j  ( ),  c  1  ,  2  ,  3  0

 

where

P ′              n i = + P i ∑    P    is the present quantity of elements in region-i k = 1 Δ k → i

r (t) is the other resources necessary for the formation of technology in region-i i
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a (t) is the consumption coeffi  cient i

R (t) is the available quantity of resources relating to local resource environment i

ei(g) is the product environment required for the formation of technology in 

region-i

g is the indicator of the environment bearing capacity

b (g) indicates the bearing coeffi  cient i

Ei(g) is the maximum bearing capacity of the environment, which is related to 

the local resource environment

s (c) is the system guarantee required in region-i and is relational with the nature i

of the transfer technology

c is the binding clause of systems

S (c) is the constraint of systems related to the local policies of attracting invest-i

ment and technology transfer

l(P ) denotes the technical level in region-k k

l(P i) represents the level of the technology element in region-i

 

7.2.2  Study of the Properties of the Model of 

Multiobjective Programming of Technology Transfer Based on the Perfect Mechanism

To study the technology transfer based on the perfect mechanism, the following propositions are advanced:

 

Proposition 7.6: Without considering the stability of regions, meaning α 3 = 0, the technology transfer will bring about improvement in the integral profi t  and regional coordinated development. Also, the optimal allocation of technology transfer constitutes an echelon distribution which is restricted by profi t, resource, environment, and some other elements.

Proof:  (1) Without considering the stability of the regions, meaning α3 = 0, the technology transfer will bring about improvement in the integral profi t and regional coordinated development.

In the objective function, when α3 = 0, it turns into a single-objective linear program of ΔP   . k → i

 

F            ⎧                         n 1 n n n ∑   P k = 1 Δ k →i ⎫ ( Δ P k → i ) = max α 1 ∑ ∑ ( λ Δ ⎨ k → i P k → i ) + α 2 ∑ ⎬ ⎩ 2 i = = 1 k 1 i = 1 P i ⎭

Th  e objective of the function is F (ΔP    )           P k → i = β         X ; the constraint con-i → k Δ k → i = λ i i

dition is                 n D i ( ) = { X i ∑ j     p x d x j j ,    0 . = 1 j ≥ }
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1. To certify that the condition of the linear programming model gives rise to a 

convex set.

To prove that the set of all feasible solutions is a convex set, it is enough to prove 

that the point in the line which joins random points belong to D(i).

Assuming (1)         (1)    (1)          (1) T     (2)         (2)    (2)         (2) T = X ( x , x , … , x ) , X = ( x , x , … , x ) are random points

1     2        n                1     2        n ≠

belonging to             (1)         (2) D(i), and X X,

So

 

∑ n     =      ≥     =   … p x(1)              (1) b , x    0,    j    1,2,    ,n j    j                    j

j =1

∑ n      =      ≥     =   … p x(2)              (2) b , x    0,    j    1,2,    ,n j    j                    j

j =1

Let                    T                                            (1)         (2) X =  ( x , x , …, x ) be the point in the line which joins X and X, and 

1   2       n

x      (1)                  (2) = α x + − α (1 ) x, (0 ≤ α ≤ 1) be the constraint, so that

j            j                        j

 

∑ n            n = ∑    α    + − α p x            (1)                  (2) p [ x (1 ) x ] j    j                j        j                         j

j=1            j=1

= α n             n               n ∑ + ∑ − α ∑ p x (1)                (2)                   (2) p x p x j    j                 j    j                      j    j

j=1             j=1               j=1

= α + − α = d d d d

And therefore (1)    (2) x , x ≥ α > 0, 0,1 − α > 0, so, x    0, i ≥= 1,2, …, n. Hence X ∈ D(i), 

j        j                                                        j

D(i) is convex set.

  2.  Due to the limitation of resources and bearing capability of environment, the 

feasible region of the linear program is limited.

By the theorem of the linear programming, if the feasible region is a  limited 

convex set, the objective function must reach maximum at the points of the feasible region, so that, the maximum eff ect of receiver city-i from  elements transfer could be realized.

In conclusion, the profi ts of technology transfer in every region could reach the 

maximum value; therefore the transfer would undoubtedly improve the integral profi ts during the process of technology transfer.

Proof: (2) Without considering the stability of regions, meaning α 3 = 0, the  optimal allocation of technology transfer constitutes an echelon distribution which is restricted by profi t, resource, environment, and some other elements.
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From Proof (1), we know that the element of technology transfer X will reach the i { } maximum profi t, max {                                    n F(i)} under the condition of D i             i                j    j j = X = ∑ p x = b x , 1 0  j  >

.

Th  erefore, the elements X = {X , X … X … X } will reach max (F)  {F , F … 1 2 i m = 1 2 F … F } on the condition of D  {D , D … D       }. i m = … D 1 2 i m

So we can prove that the optimal allocation of technology transfer constitutes an echelon distribution which is restricted by profi t, resource, environment, and some other elements.

When the constraint conditions of the technology transfer in all cities remain the same, that is D1 = D i, i = 2, 3, …, m, then the quantity X1 = Xi, i = 2, 3, …, m in these cities will constitute an even distribution of the element of technology transfer. It is a special case of this proposition.  ❑

 

Proposition 7.7: Considering only the regional stability, that is when α 3 = 1 and α 1 = 0, α2 = 0, then it will achieve the optimal eff ects of regional stability.

 

F                 2 ( P ) = min ( ∑ t − t ) Δ       n 3               i

i =1

 

Proof: When α    0, 1 =α2 = 0, α3 = 1 in the objective function, this function becomes the objective programming of coordinated regional development.

Proof: Hessian matrix of the known objective function is

 

H X    ⎡ ∂2        ∂2           ∂2 F X ( *) F X ( *)F X ( *) ⎤ , ⎢ , … , 2 ⎥ ∂ x ∂ ∂ 1 2 ∂ ∂ ⎢ 1 x x x x 1 n ⎥ ⎢ ∂ 2 ∂ 2 ∂ 2 F X ( *) F X ( *) F X ( *) ⎥ , , … ⎢ , 2 ⎥ ( *) = ⎢ ∂ ∂ x x 2 1 ∂ x 2 ∂ ∂ x x 2 n ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ∂ 2 ∂ 2 ∂ 2 F X ( *) F X ( *) F X ( *) ⎥ , , … , ⎢ 2 ⎥ ∂ ∂ n 1 ∂ ∂ n 2 ∂ ⎣ x x x x x n ⎦

 

Here ∂2                          2 F X ( *) ∂F X ( *) = 2( i = 1,2, … , ) n , = 2n ∂ 2 2 t i ∂ t

then

 

∂2f X ( *)                   ∂2F X ( *) ≥ 0, i = 1,2, … , , n = 2n > 0 ∂ ′ 2 ∂ 2 P i t
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For ∂2f X ( *) = −2,   i = 1, 2,…, n . ∂ ∂ t t i

Th  erefore, the Hessian matrix is

 

H X            ⎥ ( *) = ⎢ ⎥ ⎢ ⎥ − − 2, 2, … ⎢ ,2 n ⎥ ⎣ ⎢              ⎥ − 2,2, … , 2 − ⎢ ⎡2, 2, −…, 2 − ⎤ ⎦

Th  us, the Hessian matrix at the point of X* is positive semidefi nite and it can be concluded that the objective function is a convex function. Furthermore, the optimal model of regional stability is a convex model. Due to the limitation of resources and the bearing capability of the environment, the feasible region of linear programming is limited. By the theorem of linear programming, if the fea-sible region is a limited convex set, the objective function must reach maximum at the points within the feasible region, ensuring that the optimal eff ect of regional stability is realized.  ❑

 

Proposition 7.8: When k = 1, ΔPk → i ≥ 0, α3 = 1, α1 = 0, α2 = 0 the model changes into unipolar-based technology transfer on perfect mechanism and has the features of this technology transfer.

Proof : When k = 1, ΔPk → i ≥ 0, there is only one source of technology, that is uni-polar: α3 = 1, α1 = 0, α2 = 0. And the model has a single objective. Th erefore the model changes into unipolar technology transfer based on perfect mechanism.

Unipolar technology transfer based on perfect mechanism has the following 

features:

  1. During technology transfer, the profi t of the receiver region can reach the 

maximum value.

  2. During technology transfer, the transferring benefi t of the transmitter region 

can reach the extreme value.

  3. On the perfect mechanism, in the regional economic system with unipolar 

elements of technology, noncompetitive resources could realize the Pareto 

optimal distribution by profi t-making technology elements transfer, whereas 

competitive resources cannot reach Pareto optimal distribution.  4. On the perfect mechanism, the transfer will improve integral benefi ts, irre-

spective of whether the resources are competitive or noncompetitive. 5. Th  e optimal allocation of technology transfer constitutes an echelon distri-

bution which is restricted by profi t, resource, environment, and some other 

elements.  ❑  168 䡲 Theory of Science and Technology Transfer and Applications 

 

7.2.3 Case Study

7.2.3.1  Interpretation of Data

It is assumed that there are seven cities, A, B, C, D, E, F, and G. Th  e transfer of a technology element among them according to the model discussed earlier is the subject  of  this  study.  Th  e indicator values of the linear programming model of technology transfer are shown in Tables 7.4 through 7.6.

 

7.2.3.2 Calculation Results

Th  e technology transfer and the profi ts among the fi ve cities calculated based on the above model are shown in Figure 7.3.

Table 7.4  Indicators of One Element of Technology Transfer among Cities (Year: 2006)

City                 A             B             C           D           E

Price of a          0.9            1.05              1.48            1.9            0.67

technology 

element

λA → i                                     0.1                  0.4               0.8            −0.2

λi → A                                     −0.05              −0.37           −0.66            0.15

λB → i                                                             0.4                0.7            −0.3

λi → B                                                           −0.3              −0.6              0.28

λC → i                                                                              0.4            −0.8

λi → C                                                                            −0.3              0.7

λD → i                                                                                         −1.1

λi → D                                                                                           1

P i                 12,775,000   3,698,910,000   705,545,000   0             702,210,000

ΔP A → i,j + ΔPi → A,j    0              −9,753,000       −9,766,000      2,451,000   −44,642,000

ΔPB → i,j + ΔPi → B,j    9,753,000      0                   7,314,000       74,656,000 −2,207,650

ΔP C → i,j + ΔPi → C,j    9,766,000    −7,314,000        0                1,064,200   −2,438,000

ΔPD → i,j + ΔPi → D,j −2,451,000   −74,656,000     −1,064,200      0            −12,387,630

ΔP E → i,j + ΔPi → E,j    44,642,000   2,207,650        2,438,000      12,387,630   0
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Table 7.5  Minimum Resource of One Technology Element Required in Different Cities

City                  A            B             C           D           E

Quantity of a     59,100,000 2,175,670,000 417,030,000 97,630,000   642,035,000

technology 

element

Quantity of a  65,010,000 3,698,910,000 705,545,000 107,393,000 702,210,000

technology 

element 

(bearing 

capacity of the 

environment)

 

Table 7.6  Indicators of One Element of Technology Transfer among Cities

a i(t)                                               Ri(t)

a(1)          a(2)          a(3)          R(1)          R(2)           R(3)

B 2.379 × 10−9 5.289 × 10−5   8.8 × 10−6        11.36       5294.69       18,892.463

C                           110.92    3769.355    21,995.888

D                          10.06    3889.805    18,940.436

E                                      125.8       3029.50      12,852.913

bi(t)                                                  Ei(m)

b(1)          b(2)          b(3)          E(1)          E(2)           E(3)

2.312 × 10 −9                −5                −6 3.456 × 10 4.351 × 10      129.95     60,888.935    2,172,633.245

1275.58    43,347.5825   252,952,620

  122.59     44,729.3075   2,178,150.14

1446.7      34,839.25     1,478,084.65

Notes:   (1) R (1), R(2), and R(3), represents the restriction of three resources respec-

tively on one technology element. (2) a(1), a(2), and a(3), represents the consumption coeffi cient of three resources respectively that one technol-ogy element demands.
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A   –2,669,590 

Transfer profit                      44,642,000 

8,223,016     2,438,000    2,451,000                               Transfer quantity 

E                                9,766,000 9,753,000

 

12,387,630                                     C

–9,153,923 D      1,064,200             –575,800 

74,656,000                   7,314,000 

Regional economic system

2,207,650 

8,640,497 B

Figure 7.3  Diagram illustrating technology transfer and the profi ts  among cities.

 

7.2.3.3  Analysis of the Results

1.  Under the conditions of perfect mechanism, “input–output benefi t” becomes 

the guide to technology transfer. Competitive technology elements fi rst move to the region that will bring it the most profi t and then move to other regions along with the value of the transfer. As a result of this, polarization comes into being.

 2. Th  e restrictive conditions of the receiver region would constrain the quantity 

of element transfer, and lack of some kinds of resources can becomes the bottleneck of the transfer. Th  erefore, a solution to the problem of the bottle-neck is the fi rst task.

  3. Under the same factors of infl uence, technology elements are intended for 

regions  with  higher  output  benefi ts, and the quantity of transfer increases with the diff erence of interest. Th  erefore, some less developed regions in the West must ensure enough comparable benefi ts to enhance the attraction for technology elements.

  4. In unipolar technology transfer, competitive resources fi rst transfer to the 

region with maximum “transmitting profi ts.” When they reach the maxi-mum transmitting capacity restricted by this region, they will turn to other regions successively according to the value of their transmitting incomes. Th  e transmitting quantity of noncompetitive resources is totally under the constraint of the resources, environment, systems, and other elements of the receiver city.

5. In unipolar technology transfer the transfer of technology elements in pur-

suit of benefi ts forms an echelon of distribution of productivity transfer, and changes the space structure of productivity to a larger extent.
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7.3  Measurement Model of Government Matching 

Funds Based on Maximum Social Benefi ts

Technology transfer achieves its objective when it translates into goods produced. Introducing technology at a reasonable point in time has the advantage of reduc-ing risks and costs in R&D, improving productivity, accessing technology benefi t monopoly, playing a spillover eff ect, incorporating other enterprises’ imitation and development, and enhancing the region’s core competitiveness.

Th  e government plays an important role in the process of technology introduction. 

It is not only the decision-maker in technology introduction, but also the benefi ciary of spillover benefi ts from the introduction of technology. How the government should help in the introduction of technology has been a matter of concern for a large number of scholars and become a popular topic in research. Based on the endogenous eco-nomic theory, this book discusses the technology output function in the introduction of technology and suggests the optimization model with matching funds from the government. Under the restricted conditions of available resources, investment funds, and institutional constraints, the book researches how the government collocates its technology introduction funds rationally to achieve the best possible results.

 

7.3.1  Government Investment and Planning 

Model in Technology Introduction

7.3.1.1  Regional Production Function Model

Technology is a kind of intellectual property and a process of input–output, where the cost of technology introduction is input and the improvement in production benefi t is output. Th  e business and government need to pay a certain cost when introducing technology. To increase productivity, seize advantage of technol-ogy, and achieve technical eff ective monopoly, enterprises will actively introduce advanced technology. At the same time the introduced technology will have an eff ect on the main body of transfer, and also have a spillover eff ect on other social bodies such as the imitation and cooperation in technology among enterprises. To obtain the technology spillover benefi ts and enhance regional comprehensive com-petitiveness, the government will pay the cost to import advanced technology. Th e defi nitions of the payment cost of enterprises’ introduced technology, the payment cost of governments’ introduced technology and the social benefi ts of introduced technology are given as Defi nitions 7.7 through 7.9.

 

Defi nition 7.7: (Payment cost of enterprises’ introduced technology) Th e payment cost  of  enterprises’  introduced  technology  refers  to  the  technology  price  paid  by enterprises to the suppliers and is based on the expected profi t by introducing  certain  techniques.
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Defi nition  7.8: (Social benefi ts of introduced technology) Th  e social benefi ts  of introduced technology refers to the sum of benefi ts in business and society after introducing technology.

Defi nition 7.9: (Payment cost of governments’ introduced technology) Th e  payment cost of governments’ introduced technology refers to the technology price paid by the government to the suppliers, based on the expected external spillover benefi ts by introducing certain techniques in a region which does not include the benefi ts of enterprises’ investment.

With endogenous growth theory, its output is the function of the investments of every industry in the region.

 1. When industry i does not introduce technology in a certain region, the 

 production function is shown in Formula 7.7.

Y σ t    αi       β                                   (7.7)  i  =  A  i  e  i  ⋅  L  i  i  ⋅  K  i

where

Y represents the added value of the industry

L and K represent the labor and capital input, respectively

Aeσt represents the Solow remainder term

σ represents the natural growth rate of technology in this industry

α represents labor output elastic coeffi  cient of this industry

β represents capital output elastic coeffi  cient of this industry

i represents the ith industry in a certain region

  2.  At the same time, the industry i introduces this technology in the region, and 

the production function is shown in Formula 7.8.

 

Y     σ     αi      β               λ i A ′= e t i i ⋅ L i ⋅ K i i ⋅ ( P E +i i P G i )                      (7.8)

where

Y  represents the production value in industry i after introducing the technol-i ′

ogy, namely the social benefi ts brought about by the introduced technology

P represents the payment cost of the enterprises’ introduced technology E i

P represents the payment cost of government-introduced technology G i

λ represents the input–output elastic coeffi  cient after introducing this technology i

 

7.3.1.2 Target Analysis

Pursuit of interests is the basic demand of technology introduction. Th e enterprises that introduce technology hope to produce the maximum benefi t by paying the 
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lowest cost for technology introduction. Meanwhile, the introducers will not intro-duce the same technique twice. Th  erefore, the assumption is that there are n tech-niques for n industries to introduce in a certain period. Th  e objective function is to maximize the social benefi ts in technology introduction. On the basis of Formula 7.8, we can get the objective function as shown in Formula 7.9.

 

max    n      σit     α       β               λ = ∑ ⋅ ⋅ + Z           i                i                                    i A e L K ( P P                              (7.9) ) i            i           i        Ei         Gi

i =1

 

7.3.1.3  Constraint Conditions Recognition

Th  e enterprises will introduce technology only when their own demands are satis-fi ed. Th  erefore, the constrained condition of technology introduction is not taken into consideration here. Only the limitations of available resources, funds, systems, environmental bearing capacity, and other conditions are taken into consideration from the point of view of the local government during technology introduction.

 1. Resource constraints

Th  e introduction of technology needs certain ways, carriers, and channels. Th e introduced technology fl ows into this region and combines with various elements rationally and then produces benefi ts. Th  erefore, certain resources are required for this introduction and for the outcome of benefi ts, such as the allocation of educa-tion resources and the corresponding department of technology. Th is constraint condition is expressed as Formula 7.10.

 

∑ n R i ⋅ (P Ei + P Gi ) ≤ RR

i =1 (7.10)

(RR = RResource )

where

Ri represents the resource consumed by unit cost after the introduction of the 

ith technique

R represents the quantity of resource that can be consumed R

 2. Capital constraints

Every year, the local government has a budget for expenditure, and therefore the investment in the introduction of technology cannot exceed the government expen-diture budget. It is shown in Formula 7.11.

 

∑ n P (7.11)  G  ≤

i           B M

i =1
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where

M represents the capital budget invested by the government in the introduction B

of technology during this period

3. System condition constraints

Whether the technology can be introduced rationally, allocated effi  ciently, and can play its role persistently is dependent on whether there is a system arrangement that is propitious to develop innovation activities and introduce technology. Generally system constraints include tax policy, distribution mechanism, security guarantee, interest returns, and so on. Moreover the patent system and industrial standardiza-tion system are also part of the constraints. Th  is constraints condition is given by Formula 7.12.

 

∑ n Si ⋅ ( (7.12)  P  E  +  ≤

i         Gi          R P ) S

i=1

 

where

Si represents the transfer system guarantee needed by the unit cost after the 

transfer of the ith technology

S represents the local government’s system constraints condition R

  4. Infrastructure capacity constraints

Th e effi  ciency and eff ect of the introduced technology also depends on the devel-oping levels of local infrastructure which primarily includes infrastructure con-struction, technology market, education, and research institutions. Th is constraint condition is given by Formula 7.13.

 

∑ n C i ⋅(PEi + P Gi) ≤ C F (7.13)

i =1

where

C represents the infrastructure requirement of unit cost after the fl ow of the ith i

technology

C represents the infrastructure capacity in this region F

 

7.3.1.4   Optimization Model of the Government 

Investment in Technology Introduction

Based on the analysis above, the optimization model of the government investment in technology introduction is shown in Formula 7.14.
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= n      ⋅    ⋅        + ∑

maxZ       σ t     α      β              λ i i ii A e L K ( P P )

i             i            i         Ei        Gi

i =1

 

⎧ n ∑ Ri ⋅(PEi + P Gi ) ≤ R ⎪R i = 1 ⎪ ⎪ n ∑ ( P E i + P G i ) ≤ M ⎪ B i = 1 ⎪⎪ (7.14)  ⎨  n  ∑  S  i  ⋅  (  P  E  i  +  P  G  i  )  ≤  S  ⎪  R  i  =  1  ⎪  ⎪  n  ∑  C  i  ⋅  (  P  E  i  +  P  G  i  )  ≤  C  ⎪  F  i  =  1  ⎪  ⎪  G  ≥  0,  =  1,2,  …  ⎩  P  i  i  ,  n

 

7.3.2  Study of the Properties of the Optimization Model 

of Government Investment in Technology Introduction

Based on the model above, the properties can be obtained as follows:

 

Proposition 7.9: During the same period, after increased investment of technology introduction in industry i in a certain region, assuming that the production value of industry i is a function of government investment, which is Yi′ = f (PGi), there are several conclusions:

 1. Y f  (P i ′ = ) has a continuous second derivative, and for arbitrary P  0,  G  i  G  i  >

f ′(P ) G i> 0.

 2. Y i ′ = f (PGi) is a strict concave function, namely f ″ (PGi) < 0.

 

Proof  f P      σit     α        β                    λ − i i i1 : (1)  ( ′ ) = A e ⋅ ⋅ ⋅ ( + L K P P ) ⋅ λ ,   i = 1,2,…, n Gi       i        i       i        Ei      Gi          i

So: for arbitrary P     0, f (P      0. G i > ′ ) G i >

 

(2) e ∂2 f P ( Gi ) =σit A ⋅ α Li ⋅ βi ⋅    +   λ − ( i ) i1 i K    (          1,2, 2 i i P E i P G ⋅ λ ⋅ λ − i i 1), i =…,n ∂ P G i

So: f ″(P )  0. G i <

In Proposition 7.9, f ′(P )  0 indicates that Y     f (P G i > i ′ =   ) is strict monotone G i 

increasing function of PGi, f ″(PGi ) < 0 indicates that the increment of social benefi ts  is  decreasing  step  by  step  with  the  increase  of  government  investment in industry i.
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Proposition 7.10: Th  e government investment optimization model in technology introduction is a convex programming model.

Taking a deformation of Model 7.14 Equation 7.15 can be deduced.

 

min (       n      σ     α      β               λ f P ) = − ∑ ⋅ ⋅ ⋅ + G              i i     i      Ei    Gi A () e L K P P it          i              i                                 i

i =1

 

⎧     n R R − ∑ Ri ⋅ (PEi + PGi ) 0 ≥ ⎪ = ⎪ i 1 ⎪ n − B ∑ E + G ≥ ⎪ M ( P i P i ) 0                           (7.15) ⎪⎪ i = 1 ⎨ − n S ∑ ⋅ + ≥ ⎪ R S i ( P E i P G i ) 0 i = 1 ⎪ ⎪ n − F ∑ ⋅ E + ≥ ⎪ C C i ( P i P G i ) 0 = ⎪ i 1 ⎪ ⎩ P G i ≥ 0, i = 1,2, … , n

For the model above, the condition to make it a convex function is that the objective function f (PG) is a convex function, and all the constraints are concave functions.

Proof: Th  e objective function is taken as an example to prove it is a convex function.

Th  e Hessian matrix of the objective function is

 

H X    ⎡ ∂2 f X    ∂2           ∂2 ( *) f X ( *) f X ( *)⎤ , , … ⎢ , 2 ⎥ ∂ x 1 ∂ ∂ x x 1 2 ∂ ∂ x x ⎢ 1 5 ⎥ ⎢ 2 2 2 ⎥ ∂ f X ( *) ∂ f X ( *) ∂ f X ( *) ⎢ , , … ⎥ , ⎢ x x x x x ( *) ∂ ∂ ∂ 2 2 1 2 ∂ ∂ 2 5 ⎥ = ⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ 2 2 2 ⎥ ∂ f X ( *) ∂ f X ( *) ∂ f X ( *) … ⎢ , , , 2 ⎥ ∂ ∂ 5 1 ∂ ∂ 5 2 ∂ ⎣ x x x x x 5 ⎦

where

 

∂2 f X ( *) = −   σ t A e i ⋅ α Li ⋅   β Ki ⋅(    +    λ − ) i1 i i i P i x i ⋅ λ ⋅ λ − i ( i1), i = 1,2,…,5, 0        1 ∂ 2 E ≤ λ ≤ 1 x i
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So

 

∂2 f X ( *)   0, ≥ i = 1,2,…,5, ∂ 2 x i

because

 

∂2 f X ( *) = 0, i =1, 2,…,5,   j =1, 2,…,5,   i ≠ j ∂ ∂ x x i j

So the Hessian matrix is positive semidefi nite in X *, and hence the objective func-tion is convex. Th  erefore, the government investment optimization model in tech-nology introduction is a convex programming model.  ❑

Proposition 7.11: Th  e government is certain to obtain the maximum social benefi ts by the introduction of technology.

Proof :  For Formula 7.15, each constraint is introduced with generalized Lagrange multipliers respectively, which are γ1 *, γ2 *,…, γn + 4*. Assume the point of K–T is PG *, so the K–T condition of this problem is shown as Formula 7.16:

 

⎪       σ    α    β           λ − −λ ⋅ ⎧

⎪       σ ⎪1t   α     β            λ − −λ ⋅ ⎪      e 1t ⋅    1 ⋅     1 ⋅(      +    *   1 1 1 A 1 L 1 K P 1 E1 P ) + γ ⋅ + γ + γ ⋅ + γ ⋅ * R G1 1 2 * S 3 1 * C1 = 0 1 4 ⎪   2    2e    ⋅   2 ⋅     2 ⋅(     +   *   2 1 A L K P )     * 1 1 E2 P G2 + γ ⋅ + γ + γ ⋅ + γ ⋅ R 2 2 * S 2 * C2 = 0 1 3 4

⎪ 

1                3               n 4

 

⎪    ⎡     n             ⎤ ⎪ γ ⋅ * R R − ∑ R i ⋅ ( P E i + P = ⎢ G *) i 0 ⎥ ⎪ 1 ⎣ i = 1 ⎦ ⎨                                     (7.16) ⎪ ⎡ n ⎤ γ ⋅ * − ∑ * M B P = 0 ⎪ ⎢ ⎪       σ    α    β            λ − −λ ⋅ A n t n n n1 n n e ⋅ L n ⋅ K ⋅ ( P * En + P )    * R           S            0 n Gn + γ ⋅ + γ + γ ⋅ + γ ⋅ n 2 * n * C = ⎪ ⎪

2                Gi ⎣ ⎥ ⎦

 

⎪ ⎪   ⎡     n             ⎤ γ ⋅ * S R − ⋅ + = 3 ∑ S i ( P P * ⎢ ⎪         i =1

 

⎪        n ⎡             ⎤ ⎪γ ⋅ * C − ∑ C i ⋅ ( P + * = ⎢ ⎥ ⎪ F E i P ) 0 4 ⎣ ⎪   ⎣              E i     G )     0 i ⎥ 1 ⎦ i = i =                     Gi   ⎦

⎪         1

⎪ γ ≥ * 0, i = 1,2,3, 4 i

⎪

⎩
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Because this nonlinear programming problem (Formula 7.15) is a convex program, the K–T condition is a necessary and suffi  cient condition to ensure the optimal point. If the K–T point P G * that meets the condition is obtained, it will be the local maxi-mum point of the program. And the maximum social benefi ts can be obtained by distributing the funds for technology introduction based on the analysis above.  ❑

Proposition 7.12: Th  e investment coeffi  cient of introduced technology for govern-ment is certain to be greater than 1.

Proof: Assuming that government’s investment increases by ΔP, the added-value of social benefi ts is shown by Formula 7.17:

 

∑ n                                                 n σ A e i t ⋅ ⋅ ⋅ + + Δ − ∑        ⋅     ⋅      ⋅      + i                                    E     G i i ii          i                 i            i        i           Ei       Gi K P P P A L K ( P P ) L αi       βi                             λi               σit     α        β                     λ i ii ( ) e

i=1                                                      i=1

= n      σ      α      β ∑ A e it ⋅ ⋅   ⋅ Δ

i             i           i L K           M                                                                        (7.17) i                i

i =1

 

Assuming that the ratio of the social benefi ts added-value of certain technology obtained by increasing the investment of the added technology to the added-cost of government investment is expressed as σ, the investment coeffi  cient for government introduced technology,

A e σit     αi       βi ⋅ L ⋅ K ⋅ ΔM

σ = i             i          i                                                    (7.18)

ΔP i

 

 1. If σ≤ 1, for this piece of introduced technique, the added-investment cost 

of government is not enough to barter for social external spillover benefi ts, it is in contradiction with the purpose of introducing technology. At this time, the government does not invest more.

 2. Only when σ> 1, the government will increase the investment in technology 

introduction.  ❑

 

7.3.3  Break-Even Analysis of the Government 

Investment Model in Technology Introduction

Break-even analysis is an important method to carry out the economic analysis of production and management; it aims to fi nd at what kind of production scale 
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revenue and expenditure can reach a balance. Th  e break-even analysis under the conditions of multifactor Cobb–Douglas production function are discussed and the break-even point of the smallest inputs from the government in diff erent cases, for instance, unchanging, increasing, and decreasing returns to scale are designed, so as to look for an eff ective way of reducing costs and improving competitiveness.

 

7.3.3.1 Production Function

In Formula 7.7, in the same period, the production function of industry i after the technology investment is shown as follows:

 

Y ′ =    σ t    αi i      β               λ A e ⋅ L ⋅ i i i i K i ⋅ ( P E i + P G i )i                     (7.19)

where

Y i after the increase of technology investment,  i  ′  is the output value of industry 

which is the social benefi t for the increased investment

PEi is the payment cost that the enterprises incur for technology investment

P is the expense that the government incurs for the positive external eff ects of G i

this imported technology, in short, government expenditure

λ is the input–output elasticity coeffi  cient after technology investment is enhanced i

Th  e production function refl ects the relationship between input and output. It 

demonstrates the relationship between the input and the maximum output pro-duced, or between the established production and the minimum input required. In the following discussion, the production function after n industries have increased technology investment in a region on the basis of the same period is considered. Th  is function is shown in Formula 7.20.

 

′ = Π n      ⋅     ⋅     ⋅     +

Y       σit      αi        β                     λ ii L A e K ( P P )                      (7.20)

i                 i             i           i            Ei        Gi i=

1

According to the defi nition of output elasticity of factors, it is easy to conclude that the output elasticity of P is as follows. Here P represents the government tech-G i G i nique investment in industry i.

 

E    ∂ ′ Y P i    , P i         ,               (7.21) G = G = λ i = 1,2, i … n ∂ P G i Y ′

It demonstrates that the parameter λ has a clear economic signifi cance in the i

 

 production  function Y     σit     αi       β                    λ                σ ′ = e ⋅ ⋅ i ⋅ ( E + G ) i t i A i L i K i P i P i , and A i e i in the  production σ t α i β λ function Y i ′ = A i e i ⋅ L ⋅ K i ⋅ ( P i i i E i + P G i ) is the coeffi  cient  of  effi  ciency, 180 䡲 Theory of Science and Technology Transfer and Applications 

 

and refl ects the response of the broad technology progress levels; thus 0                     σ t i                      n ≤ λ ≤ i                                           i                                       i = 1, ( i = 1,2,… , ), n A e   > λ = 0. Let      ∑1 , then  is the well known scale  λ  λ

elasticity. Th  e production function is the λ          i step homogeneous function. When λ = 1, 

the production is the unchanging returns to scale; When λ > 1, the production is the increasing returns to scale; when λ < 1, it is the declining returns to scale.

 

7.3.3.2   Break-Even Analysis with Consideration 

of Production Function

Th  e break-even analysis in the general sense is based on comprehensive analysis of the traffi  c (production, sale quantity, or sale volume), costs, and profi ts which impose constraints on each other. It can be used to make a prior decision on the level of production or sales to avoid the defi cit thus providing information for busi-ness decision-making. Th  e break-even analysis of production function considered in this paper has further demands based on the origin that requires the government to use the factors of production effi  ciently by intensive operation, and explore ways to minimize the cost of the technology inputs to break even. Th  e following discus-sion is based on mathematical models.

It is assumed that                         T P , …, P = ( P , P ) is the vector of government’s tech-

Gi       G1   G2       Gn

nology input and the amount of the input is denoted by F, which can also be taken as fi xed cost. If only the government’s investment is considered, that is P Ei = 0, then the break-even balance model of production function is given by Formula 7.22:

 

minTC = ∑ n

P Gi

i =1

 

s.t. ⎧ n                     n                      (7.22) σ α i β λ ∏ A e i t ⋅ L ⋅ K P i i i i i P F G i − ∑ i = ⎪ G  ⎨  i  =  1  i  =  1  ⎪  P  G  i  ≥  0, (  i  =  1,2,  …  , )  n  ⎩

Using the Lagrange Multiplier Method to solve the model, and constructing the Lagrange function:

 

L P i                            β    λ t i                                                   (7.23)  P  P  n             G  ( G1, G2 ,…           n              n                             n ⎡ σ    α           ⎤ ,   G , ) α = ∑ + α ∏  P i        Aie   ⋅  L i ⋅  K P i i i G −  ∑  P −  ⎢                      i                         F

i =1               i=1                                  i=1             ⎦ ⎣                              Gi      ⎥

Solving the partial derivative, and equating the partial derivative to 0, then:

 

⎧ ∂L = + α   σ t ⋅ α    βi    λ − ⋅ ⋅1 1 A e i i L i i K i P i G ⋅ λ − α = 0 ⎪∂ i i ⎪ P G i    = 1,2,… ⎨ i,n    (7.24) ⎪ ∂ L n n α σ β λ = ∏ i e i t ⋅ ⋅ i i A i L i K i P G − ∑ P − = F ⎪∂α i G i 0 ⎩ i = 1 i = 1
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Th  is is the necessary condition of Lagrange function for reaching the extreme value, which can be further simplifi ed as follows:

 

∏ e i ⋅ n      σ t    αi                                                                    i β λ ( α − 1) ⋅      i      i                  P i 1                                                i αλ = Ai     Li    K P i i =         G G ,   i = 1,2,…,n

∏ n                             n σ i               i t α β λ Aie   ⋅ L i ⋅ K P i i i G i = ∑ P Gi + F

i =1                                  i=1

 

Th  e following equations are generated:

 

⎧( α − 1)P     n G i = ∑ P Gi + F ⎪ αλ ⎪ i i = 1           …               (7.25) ⎨ i j , = 1,2, , n ⎪ P P G i = G j ⎪ λ λ ⎩ i j

Hence

P Gi = αλ α − λ − F i /[ (1 ) 1] (7.26)

where,         n λ = ∑ i =1 λi

Substitute Formula 7.26 in Equation 7.24 and simplifying the equation:

 

n      σit     α      β   λ         F α      ⎤        F (α − 1) ⋅ ⋅ λ = ⎡              λ

∏     i                i         i A e L K ⎢                 ⎥ i =1                                  (1 i              i         i       i α − λ −           α − λ − ⎣ ) 1 ⎦ (1    ) 1

Let n      σ t    α      β   λ ∏ A e i               i L         i      i i ⋅ ⋅ λ = i          i       i K       M, then:

i =1

 

M          F (α − 1)            (7.27) ⎡              λ F α ⎤ =

⎢             ⎥ ⎣ α − λ − (1 ) 1 ⎦    α − λ − (1 ) 1

 

According to the implicit function theorem, the implicit function α = ϕ(λ) can be determined based on Formula 7.27, and substituting it in Formula 7.26, then:

 

Gi =    F λ ϕ λ ( )       =

P        i       , i   1,2,…,n              (7.28)

[ ( )(1 ϕ λ − λ − ) 1]

Formula 7.28 is the solution of Model 7.22. Th  e solution under diff erent values of λ are discussed below.
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 1. When λ = 1, Formula 7.27 turns to

MF α = α − F (1)

 

α = 1               1                     (7.29)  =  n  σ  −  −  i  t  α  i  β  λ  1  M  1  ∏  A  e  ⋅  L  K  i  i  i  =  1  i  i  ⋅  i  λ  i

  Substitute Formula 7.29 in Formula 7.26, then:

 

P =          F λi G i           , i = 1,2,…,n        (7.30) ⎡ σ α β λ ∏ n i t i A e L ⋅ K i λ − i i i i i 1 ⎤ ⎣ = 1 i ⋅ ⎦

It can be proved that Formula 7.30 is the whole optimal solution of Model 7.22, that is, when production is in the unchanging returns to scale, Formula 7.30 gives the best use of production factors in the break-even balance, in this case, the mini-mum cost, which is

 

TC *                      i = n                 F λ                                  F ∑                 =

i                  i             i          i                1                  A e        L                          1 i =1       A n      σ t     αi      β    λi              n       σ      αi      β    λ i i t i ii ∏ e    ⋅ L ⋅ K λ − ∏ =1                      i              i 1   i        i     K ⋅ ⋅ λ − =                   i     i

 2. When λ ≠ 1, making Formula 7.2 meaningful requires that it should satisfy 

the following conditions:

 

[ (1 ( α − 1)             (α − 1) > 0,    > 0                 (7.31) α − λ − ) 1] [ (1 α − λ − ) 1]

To further illustrate the meaning of α, by Equation 7.24, it is clear that:

 

α =       1      ,    i = 1,2, … [1 ( ,n (7.32)  − ∂ ∂

L P / Gi )]

where ∂L/∂P stands for the marginal productivity of the input element P . It is G i G i clear from Formula 7.32 that when the marginal productivity of P is more than G i P , then                                                  P is less than P G i α > 0, whereas when the marginal productivity of , G i G i α <  0.  So  the  symbol  of α value stands for the marginal construction eff ect of  government technology investment.

Solving the system of Inequalities 7.31 under two conditions as follows:
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 a. When λ > 1, the solution of Inequalities 7.31 is

1/(1 − λ < α < ) (7.33)  0  

Th  e range of the α value shows that, when the production belongs to the increas-ing returns to scale, the eff ect of production and management is balanced. Th e more α value is close to zero, the better the production and management results.

 b. When λ < 1, the solution of Inequalities 7.31 is

α > 1/(1 − λ > ) 0 or   α < 0                  (7.34)

Th  is shows that, when production belongs to the declining returns to scale, the marginal productivity of elements may be lower than the price of elements, and this leads to the decline of economic benefi t.

 

7.3.4 Case Study

7.3.4.1   Government Investment and Planning Model 

in Technology Introduction

Assume that fi ve kinds of technologies are introduced in fi ve diff erent industries respectively, so n = 5. Th  e indicator values of the model which are based on calcula-tion and experience are shown in Tables 7.7 and 7.8.

According to the conditions above, the optimization model of government 

investment in technology introduction can be established as in Equation 7.35.

 

max 0.3                                 0.35                                0.25  Z  =  938.997 (50  ×  +  x  )  +  558.74 (40  ×  +  x  )  +  868.02 (35  ×  +  x  )

1                            2                             3

+      ×   +   0.35                  0.2 533.33 (40 x 4 ) + 1076.73 (30 × + x 5 )

 

⎪ (7.35)  ⎪  ⎧0.8 × + x 1 0.6 × x2 + 0.45 × x3 + 0.5 × x4 + 0.5 × x5 ≤ 885.25

⎪⎪x1 + x2 + x3 + x4 + x5 ≤ 1200

s.t.     0.3 × + x 1 0.35 × x2 + 0.4 × x3 + 0.25 × 4 + 0.2 × 5 ≤ ⎨ x x 441

⎪

⎪0.65 × + x 1 0.5 × x2 + 0.65 × x3 + 0.4 × x4 + 0.45 × x5 ≤ 595.25 ⎪

⎪⎩xi ≥ 0,   i = 1,2,…,5

Employing software lingo, results shown in Table 7.9 can be obtained.
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Table 7.7  Indicators of Production Function and Unit Resource Consumption in Different Industries

Technology i     1       2       3       4       5

A          10     8      5     7     4

σ            0.004   0.007   0.007   0.004   0.001

T            1      1      1      1      1

L             500     400     300     400     300

K            800    600     500    500    400

α          0.3    0.35    0.4     0.3     0.4

β             0.4     0.3      0.35    0.35    0.4

λ             0.3     0.35     0.25    0.35    0.2

P            50     40     35     40     30

Ri                  0.8       0.6       0.45     0.5       0.5

Si                    0.3       0.35      0.4       0.25      0.2

Ei                    0.65      0.5        0.65      0.4       0.45

Note:  Fund unit, million; labor unit, million people.

Table 7.8  Constraint Conditions of Regional Resources (Unit: Million)

Quantity of Resources 

the Region Could  Capacity of 

Provide                    Capital Budget   Constraint   Infrastructure

1000                           1200           500           700

Table 7.9  Result of Calculation

Objective 

Value 19917.54

Slack or 

Variable        Value       Reduced Cost     Row      Surplus     Dual Price

X 1           222.8149      0.000000            1     19917.54        1.000000

X                               −7 318.6593 −0.2791587 × 10     2      195.0008      0.000000

2

X 3             97.55292     0.6616175 × 10−7     3        7.167131     0.000000

X 4           430.6265      0.000000            4       91.31113     0.000000

X 5           123.1792    −0.3600319 × 10−7     5        0.000000    8.546029
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7.3.4.2 Result Analysis

  1. In this case, the infrastructure ability of the region is the compact con-

straint which limits the region from achieving higher social benefi ts. Hence 

if the government wants to achieve more social benefi ts from the technology 

imported, enhancement of the region’s infrastructure is required.  2. A full allocation of the government funds shows that technology introduc-

tion has a positive role in increasing social profi ts and promoting the develop-

ment of the region. It also demonstrates that the government holds a positive 

attitude to the investment in technology introduction.

3. Larger input elasticity of the government cost indicates greater infl uence that 

the government investment has on the output. Th e profi ts will signifi cantly 

increase if government investment is increased, so the government investment 

in technology introduction in this industry will increase.




Chapter 8

 

Game Strategy Analysis 

 

on Technology Transfer 

 

and Technology 

 

Innovation

 

In recent years, many scholars have carried out research on technology innovation, technology diff usion, technology spillover, and other issues of technology transfer, using Game Th  eory. On the basis of some fundamental hypotheses, this section will discuss the application of game theory analysis to these issues. By looking deeper, a virtual circle strategy for technology transfer, which can provide a refer-ence for market construction and institutional arrangements and provide a new vision for the study of technology transfer, can be evolved.

 

8.1  Game Model and Strategy Analysis 

of Technology Innovation

Technology innovation plays a very important part in the process of technology transfer. If there is no technology innovation, there will be no technology transfer, technology diff usion, technology spillover, and hence, a series of technology transfers. In today’s society, corporations are in increasingly competitive environments, and there have been many large monopoly enterprises whose innovations have had a signifi cant impact on technology progress.
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8.1.1  Static Game Analysis with Complete Information 

on Duopoly Enterprise’s Technology Innovation

Since D’Aspremont and Jacque Minde (1988) made use of a duopoly game model to study the technology innovation for the fi rst time, Game Th  eory has been used by many scholars to dispose off  issues of technology innovation. Kotaro Suzumura (1992) established a two-stage dynamic game model for technology innovation, and Nicholas S. Vonotras (1989) put forward a three-stage game model; then Ziss (1944) also built a spillover two-stage R&D bilateral oligopoly game model. But all of these researchers based their strategies on the output of enterprises, without considering the technical content. Th  erefore, this chapter will study technology innovation of duopoly enterprises taking the actual situation into consideration.

 

8.1.1.1  Construction of the Game Model

It is assumed that two enterprises, in a balance of power, will innovate for the same project,  and  manufacture  products  with  the  same  quality.  Furthermore,  each  of them will choose its own action strategies based successively on the same infor-mation, aiming at maximum profi t.  Th  e reason for the assumption of complete information is that because they would have had many instances of competition and cooperation and would have a good understanding of each other on their core competencies, the quality of personnel, and other basic situations. First, the follow-ing hypotheses are made:

 

Hypothesis 8.1: When the product technology is improved, the production costs decrease without change in quality. Th  e market-clearing price p is an antidemand function of the output Q, that is, when the demand of Q is certain, production price is p(Q) = a − bQ. (for the convenience of calculation, b = 1 is assumed). Q is the total output of the market, which is also the total output of the two monopolies, 

Q = q + q , q is the output of Enterprise 1, q is the output of Enterprise 2, and a 1 2 1 2 represents market scale.

 

Hypothesis 8.2: Th  e technical content of both Enterprises 1 and 2 after indepen-dent technology innovation is t and their technical content after cooperative tech-1

nology innovation is t 2. Th  e returns, from the investment in technology innovation, which is a quadratic function of technical content t  (t  0), diminish gradually.  i  i  >

Usually the higher the technical content t is, the greater the market attraction will i be. Also, innovation investment is a convex function of t , so we can defi ne the input i function of technology innovation as follows:

 

W 1   2 = β i t i (i = 1,2) 2
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such that β > 0 and β is an input parameter of marginal technical content.

Th  is shows that the investment unit increases along with the technical content, 

which is in line with the actual process of innovation.

c i = − C kti   (i = 1,2   kti < C )

Hypothesis 8.3: Both Enterprises 1 and 2 have no fi xed cost, and their unit product cost before innovation has a fi xed value C (C < a). After innovation the product cost is a decreasing function of technical content; that means the higher the technical content, the lower the cost. If it is assumed that the cost decreasing coeffi  cient of unit product technical content is k, then the cost function of the unit product can be defi ned as

c i = − C kti   (i = 1,2   kti < C )

Proposition 8.1: If the Hypotheses 8.1, 8.2, and 8.3 hold good, the profi t  of Enterprise i is as follows:

 

π = i q p Q       1   2 ( ( ) − c i ) − β t i   (i = 1,2) i 2

 

Proof: By Hypothesis 8.1 it is clear that the total income R i of Enterprise i equals the product of production q and price p(Q). i

R i = q p Q * ( ) i

By the Hypotheses 8.2 and 8.3 it is clear that the total cost Y i of the Enterprise i equals the sum of technology innovation investment and the cost of the product.

 

Y        1   2 q c i = * i + β t i i 2

As a result, the corporate profi t π i equals the diff erence between its total revenue Ri and its total cost Y , i

 

π = i q c    1   2                1   2 * i + β = t i q p Q ( ( ) − c i ) − β t i i i 2 2                ❑

 

8.1.1.2  Solution and Analysis of Game Model

1. Solution and analysis of game model of the enterprise carrying out indepen-
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By Proposition 8.1, while both Enterprises 1 and 2 both have carried out an independent technology innovation and the profi t of Enterprise 1 is

 

π = 1 q p Q       1   2 ( ( ) − c 1 ) − β t 1 1 2

 

= q a                  1   2 ( − ( q + q ) − + C kt 1 ) − β t 1              (8.1) 1 1 2 2

and the profi t of Enterprise 2 is

 

π =       −   − β 2 q p Q       1   2 ( ( ) c 2 1 ) t 1 2

 

=    −   +   − +   − β q a                 1   2 ( ( q q ) C kt 1 ) t 1              (8.2) 2 1 2 2

If the two sides maximize their profi t, then

 

max                                  1   2 ( , π 1 ) = max( * ( − ( + − + − β q q q a q q ) C kt ) t 1 2 1 1 2 1 1 q 1 2

 

max ( ,                            1   2 q q π 1 = q a − + − + − β ) max( * ( ( q q ) C kt 1 ) t 1 1 2 2 1 2 2 q 2

s.t.    q ≥ 0,   q   ≥ 0,   a > C ,   k > 0,   β > 0,   t 21 > 0 1

 

Proposition 8.2: If Proposition 8.1 holds good, the Cournot–Nash equilibrium output of the enterprise is given by

 

q        a C − + kt 1 * = q * = 1 2 3

 

Proof: Th  e way to obtain the Cournot–Nash equilibrium output is to fi nd the fi rst derivative of the enterprise’s profi t function and equate it to 0. Th  e following for-mulas can then be deduced from Formulas 8.1 and 8.2:

 

∂π = − + − + − = 1 a ( q q ) C kt (8.3)  ∂  1  q  0  1  2  1  q  1

 

∂π = − + − + − = 2 a ( q q ) C kt q 0 (8.4)  ∂  1  1  2  2  q  2
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Th  e solution to the equation group above, gives the Cournot–Nash equilibrium 

output.

 

q =    a C − + kt =1 * q *                   (8.5) 1 2 3 ❑

In Formula 8.5, q*, q * are both increasing functions of a, t , k. It shows that the 1 1 2

larger the market size, the higher the technical content of technology innovation. After innovation, the lower the unit product cost, the more the production.

 

Proposition 8.3: If Proposition 8.2 holds good, the Cournot–Nash equilibrium profi t of the enterprise is as follows:

 

π = π = ⎛              2 a C − + kt1 ⎞ 1   2 1 *     *                        t 2 − β ⎜            ⎟ ⎝

3    ⎠        1 2

 

Proof:  Using the result of Formula 8.5 in Formulas 8.1 and 8.2, the Cournot–Nash equilibrium profi t of the two enterprises is as follows:

 

π = π = ⎛              2 a C − + kt1 ⎞ *                          1 − β

*                         2 ⎜ ⎟ t                      (8.6) ⎝ ⎠

1      2                              1 3 2

From Formula 8.6, it is clear that the equilibrium profi t of the enterprise is a 

quadratic function of the cost decreased coeffi  cient k of unit product technical con-tent, that is, after technology innovation, the larger the cost decreased coeffi  cient k, the more the enterprise’s profi t.  ❑

 

Proposition 8.4: If Proposition 8.3 holds good, after the independent innovation of the two enterprises, the best technical content is given by

 

t      2 ( k a C − ) * 1 = 9 β − 2 2 k

 

Proof: Diff erentiating 8.6 with respect to t1  and  equating  the  derivative  to  0,  it follows that:

 

∂π* 1      a C − + kt =1 k 2 * − β = t ∂ 1 0                (8.7) t 1 3 3
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Th erefore

 

t      2 ( k a C − ) * 1 =                            (8.8) β − 2 9 2 k

Because

 

k > 0,   a > C , β > 0,   t1 > 0,

Hence

9 β −   2 2 k > 0

For

 

∂ π 2*      2 1 2 k − β 9 = ∂ 2 t 1 9

So

 

∂ π < 2 * 1 0 ∂ 2 t 1

 

Th  erefore, at the value of t 1 *, the function reaches the maximum value. Th e two enterprises have carried out independent innovations, the best technical content is available, and it follows that:

 

t       2 ( k a C − ) * 1 = β − 2 9 2 k

Proposition 8.4 proves that technology innovation does not mean that the higher the technical content, the better the earnings, but when technical content equals to t 1 *, innovation profi t is the greatest. In other words, when the innovation attains a certain degree, it needs to improve steadily with the advancement of technology. Any attempt to speed up the advancement in technology will require too much investment and this is likely to exceed the income. Th  is situation is similar to what happens in some industries in reality.

  2. Comparison between enterprises involved in independent technology inno-

vation and cooperative technology innovation
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Proposition 8.5: If Hypotheses 8.1, 8.2, and 8.3 hold good, the best output of cooperative technology innovation is

 

Q   a C − + kt2 * = 2

and the largest profi t is

 

π = ⎛   − +    2 a C kt 2 ⎞ 1 ′   2 * − β ⎜ ⎟ t ⎝ 2 2 ⎠ 2

and the best technical content is

 

t *   k a C ( − ) = 2 β − 2 2 k

 

Proof:  By  Hypotheses  8.1,  8.2,  and  8.3,  it  is  clear  that  the  profi t of cooperative technology innovation is as follows:

 

π = ′ Q p Q       1   2 ( ( ) − c 2 ) − β t 2                    (8.9) 2

Diff erentiating Formula 8.9 with respect to Q and equating it to 0, it follows that:

 

∂π′ = − − + = a 2 Q C kt 2 0 (8.10)  ∂  Q

Th  erefore the best output of cooperative technology innovation is as follows:

 

Q = a C − + kt2 * (8.11)  2

Applying the value of Formula 8.11 in Formula 8.9, the greatest profi t of coop-

erative technology innovation can be deduced as follows:

 

π = ⎛   − +    2 a C kt 2 ⎞   1 ′ − β 2 * ⎜ ⎟ t ⎝ ⎠ 2 2 2
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∂π′*     a C − + kt =2 k 2 * − β = t 2 0 ∂ t 2 2 2

So

 

t       k a C ( − ) *                            (8.12) 2 = 2 2 β − k ❑

 

Proposition 8.6: If Proposition 8.5 holds good, the total output Q* of cooperative technology innovation is less than that of the independent technology innovation, and the total profi t of cooperative technology innovation is more than that of the independent technology innovation, and the best technical content of cooperative technology innovation t 1 * is larger than that of the independent technology innova-tion t 2 *, it follows that:

Q * < q* + q* 1 2

π > π + π ′ * ** 1 2

t *     t * 1 < 2

 

Proof:  From Proposition 8.2, the total output of the two enterprises that have inde-pendent technology innovation is shown as follows:

 

q +      a C − + kt1 * q * 2 =                 (8.13) 1 2 3

From Proposition 8.3, it is clear that the total profi t of the two enterprises that have independent technology innovation is as follows:

 

π + π = ⎛              2 a C − + kt ⎞ 1 *                      1         2 * 2 t 2 − β ⎜            ⎟                           (8.14) ⎝

3         1 ⎠

From Formulas 8.13 and 8.14, and Propositions 8.4 and 8.5, we obtain that:

 

Q * < + q * q* 1 2

π > π + π ′ * ** 1 2

t * < t * 1 2 ❑
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Th  rough the analysis above, it is clear that if the technical content of cooperative 

technology innovation is the same as that of the independent technology innovation, the total output of the two enterprises that have independent technology innovation is more than that of the cooperative technology innovation, and the total profi t of the two enterprises that have independent technology innovation is less than that of the cooperative technology innovation, as they only take their own profi t into account and neglect the external negative eff ect to the other enterprise, which is a typical Prisoners Dilemma. If the two sides collude, they are able to achieve more profi t through higher output, thus getting out of the Prisoners Dilemma.

Moreover, t * t 1 <* implies that under the same resource condition, the best techni-2

cal content of cooperative technology innovation is greater than that of independent technology innovation. Th  is implies that, with other terms remaining unchanged, cooperative innovation can increase the technical content being achieved to the maximum. Th  is is incompatible with the result obtained by taking merely the out-put into decision-making. To the whole society, from the production point of view, noncooperation is effi  cient, because it increases the output and lowers the prices. But from the technology point of view, or in terms of social progress, cooperative inno-vation is more favorable to technology progress. So instead of calling for competi-tion blindly, a long-term view should be taken, encouraging cooperation between enterprises, especially those that have a lot of scope for innovation. Nevertheless, cooperation or competition, the best technical content of innovation is inversely proportionate to β; the bigger β is, the lower the best technical content achieved.

 

8.1.1.3 Numerical Analysis

1. Impact of product technical content on equilibrium profi t

Assuming that α = 200, C  = 10, k = 1, β = 100, and technical content rises from 0.01 in steps of 0.02, from Proposition 8.3, the impact of product technical content on equilibrium profi t, which is shown in Figure 8.1 can be obtained.
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Figure 8.1  The impact of product technical content on equilibrium profi t.
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As can be seen from Figure 8.1, equilibrium profi t of the enterprise improves along with the increase of technical content at fi rst, but declines after a period of time, as the foregoing conclusion shows.

  2. Impact of cost decreased coeffi  cient of unit product technical content on the 

best technical content

Assuming that α = 200, C  = 10, β = 100, and unit product technical content’s cost decreased coeffi  cient k rises from 0.01 in steps of 0.04, by Proposition 8.4 the impact of unit product technical content’s cost decreased coeffi  cient on the best technical content can be obtained as shown in Figure 8.2.

As can be seen from Figure 8.2, the best technical content is directly propor-tionate to unit product technical content’s cost decreased coeffi  cient k. If other conditions remain unchanged, larger k means that greater technical content can be achieved. Th  is is understandable, as after innovation, the lower the cost, the more the enterprises’ profi t, and then it is more benefi cial for them to increase invest-ment, so they can get a higher level of the best technical content.

  3. Impact of marginal technical content’s input parameter β on the best 

technical content

Assuming that α = 200, C  = 10, k  = 1, and the marginal technical content’s input parameter β rises from 50 in steps of 5, by Proposition 8.4 the impact of the mar-ginal technical content’s input parameter β on the best technical content can be obtained as shown in Figure 8.3.

As can be seen from Figure 8.3, the best technical content is inversely propor-tinate to the marginal technical content’s input parameter β. A larger β indicates higher barriers to entry into the industry, which makes the technology of this industry hard to imitate. Meanwhile, to get a higher return, the enterprise of this industry has to increase the technical content of its products and continuously 
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Figure 8.2  Cost decreased coeffi cient of unit product technical content and the best technical content.
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Figure 8.3  The best technical content and input parameter of marginal tech-nical content.

carry out technical innovation, so that it can keep the barriers to entry advan-tage. And technology innovation needs more technology investment. Th e enter-prises in the high-tech industry usually practice cooperation or merger to make larger investments. As a result, it is easier for high-technology industry to form an oligopoly.

8.1.2  Dynamic Game Analysis of Complete Information 

Theory of Technology Innovation

In the static game model of complete information theory it is assumed that two enterprises innovate and produce homogeneous products. However, in real life, it is unlikely for two enterprises to take action at the same time. Generally, one enter-prise always takes action fi rst and the other operates after it observes the fi rst one, which forms a subgame Refi nement Nash Equilibrium.

One enterprise takes action fi rst and the other operates after it observes, and 

each of them targets profi t maximization after deducting the cost. Enterprise 1’s 

profi t is                                                                               1   2 π ) Q without innovation, but 1 = ( p(Q) − c 1 π = 1 ( ( ) p Q − c Q 1 ) − β t after 1 2 innovation; Enterprise 2 observes Enterprise 1 to decide whether it should innovate and then choose its own. As a result, it is a Stacklberg game.

8.1.2.1   Game Model of Enterprises 1 and 2 with Equal 

Technical Content after Innovation

1. Modeling and analysis

 

Hypothesis 8.4: Enterprise 1 innovates fi rst, and its output is q . Enterprise 2 inno-1 vates later, and its output is q . We calculate from back to front, making use of 2

backward induction.
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Proposition 8.7: If the Hypotheses of 8.1, 8.2, 8.3, and 8.4 hold good, equilib-

 

rium output of Enterprise 1 is q     a C − + kt1 * = , whereas that of Enterprise 2 is 1 2 − + a C kt = 1 q * . So the total output of the two enterprises is as follows: 2 4

 

Q =        3(a C − + kt =1 ) q * + q * 1 2 4

 

Proof:  As can be seen from the Hypotheses of 8.1, 8.2, 8.3, and 8.4, the ‘s profi ts of Enterprise 2 are as follows:

 

π = 2 q p Q       1   2 ( ( ) − c 1 ) − β t 2 1 2

=                    1   2 − − + q a ( (q + q )   C   kt 1 ) − β 2 t  (8.15)  1

2                      1 2

 

As a result, Enterprise 2 will make    2   0 considering q to be decided. Its best 1 ∂π = Because Enterprise 1 makes its decision earlier, Enterprise 2 is aware of its output. 

∂q2

output can be obtained as follows:

 

q    a − − + q C kt 11 * = (8.16) 2 2

 

As Enterprise 1 can serve as a forecast for Enterprise 2 to choose q *, its profi t func-2 tion is as follows:

 

π = 1 q a ( − (q + q *               1 ) C kt ) t 1 − + − β 2 1 1 2 1 2

 

=         a − − + q C kt         1 q a ( − − 1 1 q − + C kt 1 ) − β 2 t  (8.17) 1 1 1 2 2

Let

 

∂π = 1 a − 2q − + C kt 1 = 0 ∂ q 2 1

Th  e equilibrium output of Enterprise 1 is as follows:
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q*    a C − + kt1 = (8.18) 1 2

Using Formula 8.18 in Formula 8.16, the equilibrium output of Enterprise 2 is obtained as follows:

 

q    a C − + kt1 * = (8.19) 2 4

As can be seen from the Formulas 8.18 and 8.19, the total output of the two 

enterprises is as follows:

 

Q        3(a C − + kt ) = q * + q * = 1              (8.20) 1 2 4 ❑

Add

 

∂ * q    k 1 = ∂ t 1 2

 

∂ * q    k 2 = ∂ t 1 4

Th  e output rate of change due to technical content has no relation with any-

thing but the cost decreased coeffi  cient of unit product technical content, that is, the larger the cost decreased coeffi  cient of unit product technical content, the higher the output. If this cost decreased coeffi  cient is constant, the technical content’s impact on output is unchanged, but the output of the enterprise changes more when technical content increases too much. In other words, in a dynamic game model, there is a fi rst-mover advantage, as it is easier for the enterprise which has innovated earlier to seize the market, create brands, and then share the market.

 

Proposition 8.8: If Proposition 8.1 holds good, profi ts of Enterprises 1 and 2 are as follows:

 

π = (               2 a C − + kt )    1 − β *              1            2 t 1                             1 8 2

 

π = ⎛              2 a C − + kt ⎞   1 *               1            2 − β 2    ⎜            ⎟        t ⎝

4    ⎠         1 2
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Proof:  Using Formulas 8.18 and 8.19 in Formulas 8.16 and 8.17, the profi ts  of Enterprises 1 and 2 can be obtained as follows:

 

π = (               2 a C − + kt )    1 − β *              1            2 t 1                             1 8 2

π = ⎛              2 a C − + kt ⎞   1 − β

*               1            2 t ⎜ ⎟ ⎝ ⎠ 2                               1 4 2

In Cournot–Nash equilibrium, the total output of the two enterprises after innovation is

 

Q        2(a C − + kt1 ) = q * + q * = 1 2 3

In the Stacklberg game model, the total output from backward induction is

3(a C − + kt1 )

4

which  is  higher  than  that  in  Cournot–Nash  equilibrium.  Th  ereby the market-clearing price in the Stacklberg game model is lower. Enterprise 1’s profi t in the Stacklberg game model is

 

π = (   − +   2 a C kt 1 )   1 2 * t 1 − β 1 8 2

 

⎛              2 a C − + kt ⎞ − β

which is higher than ⎜           1            2 1 ⎟

⎝ t1 in the Cournot–Nash equilibrium. In  3    ⎠

2

contrast, the profi t of Enterprise 2 in the Stacklberg game model decreases, which shows that a participant who is handed more information advantage is also likely to suff er damage.

 

Proposition 8.9: If Proposition 8.8 holds good, the best technical content of Enterprise 1 is

 

t      k a C ( − ) * 1 = β − 2 4 k

whereas that of Enterprise 2 is
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t        k a C ( − ) ′ 1 * = 2 8 β − k

 

Proof:  Obeying Proposition 8.8, Enterprise 1’s and Enterprise 2’s profi ts are diff eren-tiated with respect to the derivative of technical content, respectively. It follows that:

 

∂π*   k a C ( − + kt 1 =1 ) − β = t 1 0 ∂ t 1 4

Th erefore

 

t*    k a C ( − ) (8.21) 1 = β − 2 4 k

 

∂π* 2     a C − + kt1 k = 2 * = 0 ∂ t 1 4 4

 

t        k a C ( − ) ′ 1 * =                            (8.22) β − 2 8 k

As can be seen from Formulas 8.21 and 8.22, in the dynamic game of complete 

information theory, the best technical content of enterprise innovation in advance is larger than that of the later enterprise innovation, which indicates that the higher the technical content of the innovator, the larger the barriers to entry, namely, it is harder for late comers to catch up. As a result, the innovators will be able to seize market opportunities and target users earlier, improve products and brand maturity faster, gain more competitive advantage compared to other manufacturers, and ultimately win larger profi ts.

 2. Numerical analysis

a.  Impact of technical content on equilibrium profi t of Enterprise 1

Assuming that α = 200, C = 10, k = 1, β = 100 and technical content t rises from 1 0.01 in steps of 0.02, by Proposition 8.8 the impact of technical content on equilib-rium profi t of Enterprise 1 can be obtained as shown in Figure 8.4.

b.  Impact of technical content on equilibrium profi t of Enterprise 2

Assuming that α = 200, C = 10, k = 1, β = 100 and technical content t rises from 2 0.01 in steps of 0.02, by Proposition 8.8 the impact of technical content on equilib-rium profi t of Enterprise 1 can be obtained as shown in Figure 8.5.
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Figure 8.4  Impact of technical content on equilibrium profi t of Enterprise 1.
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Figure 8.5  Technical content’s impact on equilibrium profi t of Enterprise 2.

As can be seen from Figures 8.4 and 8.5, in the dynamic game of complete information theory, there is a limit for enterprises to innovate, namely, the best technical content. However, in equal conditions, equilibrium profi t due to the ear-lier innovation of Enterprise 1 is larger than that due to the later innovation of Enterprise 2; so is the case with the best technical content, which clearly shows that there is a large fi rst-mover advantage in the process of innovation.

 

8.1.2.2   Game Model of Enterprises 1 and 2 with 

Different Technical Content after Innovation

1. Modeling and analysis

 

Assumption 8.5: Assume that technical content of Enterprise 1 after technology innovation is t , whereas that of Enterprise 2 after technology innovation is t . 1 2

Proposition 8.10: If the hypotheses of 8.1, 8.2, 8.3, 8.4, and 8.5 hold good, the equilibrium profi t of Enterprise 1 is as follows:
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π = (                        2 a C − + 2kt − *                1   kt − β 2            2 ) 1

1                                      1 t

8          2

Th  e equilibrium profi t of Enterprise 2 is as follows:

 

π = *    a C − + 2kt      a C 1 − kt 2 − − 2kt1 + 3kt2   1 2 * − β t 1 2 4 4 2

 

Proof:  As can be seen from the Hypotheses of 8.1, 8.2, 8.3, 8.4, and 8.5, the profi t of Enterprise 2 is as follows:

 

π = ( ( )       1   2 − − β 2 q p Q c 2 ) t 2 2 2

 

= q a                  1   2 ( − ( q + q ) − + C kt 2 − β ) t 2            (8.23) 2 1 2 2

 

At fi rst,  equating     2   0 and considering q  to  be  decided,  the  best  output  of 1 ∂π = ∂ q 2

Enterprise 2 can be obtained as follows:

 

q = a − − + q C kt 12 * (8.24)  2  2

As Enterprise 1 can forecast for Enterprise 2 to choose q*, its profi t function is as 2 follows:

 

π = q a                  1   2 ( ( q * 1 − + q ) − + C kt 1 ) − β t 1 1 1 2 2

 

=         a   q − − + 1 C kt1          1 2 q a ( − − q − + C kt 1 ) − β t 1        (8.25) 1 1 2 2

 

 Let ∂π = 1 a − 2q   C   2kt   kt 1 − + 1 −2 = 0 ∂ q 2 1

Th erefore

 

q = a C − + 2kt 1 − kt2 * (8.26)  1  2
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Using Formula 8.26 into Formula 8.24 the equilibrium output of Enterprise 2 is obtained as follows:

 

q = a C − − 2kt1 + 3kt2 * (8.27)  2  4

As a result, within diff erent technical content of innovation, the total output of the two enterprises is as follows:

 

Q        3a − 3C + 2kt 1 + kt2 = q * + q * =              (8.28) 1 2 4

Using Formula 8.27 in Formula 8.25 the profi t of Enterprise 1 is obtained as follows:

 

π = (                       2 a C − + 2 kt − − β *                1      2            2 kt ) 1 1                                     t1                        (8.29)

8          2

As can be seen from the equation above, larger t means lower profi ts for Enterprise 1. 2 When t  0, Enterprise 1 wins the greatest profi t, which occurs when Enterprise 2  2  =

carries out no innovation. Th  is is also obvious in real life.

Using Formulas 8.26 and 8.27 in Formula 8.23 the profi t of Enterprise 2 is obtained as follows:

 

π = a C − + 2kt1 − kt2 a C − − 2kt + 3kt * 12   1 2 − β 2 * t        (8.30) 2 4 4 2 ❑

Let

 

∂π*   k a C (   2kt   kt ) 1 − + 1 − = 2 − β = t 0 ∂ 1 t 1 2

Th erefore

 

t       k a C ( − − kt2 ) * 1 =                        (8.31) 2 2 β − 2 k

 

∂ π = −β < 2 * 1 k 0 ∂ 2 t 1
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As can be seen from Formulas 8.30 and 8.31, there is a limit for Enterprise 1 to innovate, namely, the best technical content of innovation. Either lower or higher than the best technical content, the profi t would reduce.

 

∂ = − *    2 t k 1 ∂ t 2 β − 2 2 2 k

 

Because ∂π*   k a C (   2 1 − +kt − kt = 12 ) < 0 ∂ t 1 2 π Hence * is a decreasing function of t , 1 2 ≥ Add t 2 0 = Th erefore, when t 2 0 namely Enterprise 2 carries out no innovation, Enterprise 1 

wins the greatest profi t.

 

∂π* 2    a C − + 2kt −             − −    + = 1 kt 2 3 k k a C 2 kt 3kt * − 12 * − β = t 2 0 ∂ t 2 4 4 4 4

 

t       k a C ( − + 4kt1 ) * 2 = 2                       (8.32) 8 β + 3 k

 

∂π*                                              2 k a C − − 2 kt + 3 kt a C − + − kt     t 2 1 2 k 2 kt 1 2 k t ( 2 −1 ) = * − * = ∂ t 1 2 4 2 4 2

 

However, it is not the same with Enterprise 2. Unlike the relation of Enterprise 1’s 

profi t to Enterprise 2, that of Enterprise 2’s profi t to Enterprise 1’s technical con-

tent is not so simple. By Formula 8.32, when          ∂π* 2 t     , that is, Enterprise 2’s 2 < t , 1 < 0 ∂ t 1 profi t is a decreasing function of t ,  so  it  is  better  for t  to  be  smaller.  As t 1 1 1 ≥ 0, Enterprise 2 will win the greatest profi t although neither Enterprise 1 nor Enterprise 2 carries out innovation. However, if t 2 ≥ t 1, larger t1 means larger t2 and a greater profi t for Enterprise 2. Th  is shows that in the process of innova-tion, if the leading enterprise has higher technical content, it is easier for it to seize the market. Furthermore, if the enterprise that is catching up gets a much higher technical content, it is simple for it to win greater profi t on the basis of the original enterprise.
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 1. Numerical analysis

a.  Impact of technical content of Enterprise 2 on equilibrium profi t  of 

Enterprise 1

Assuming that α = 200, C = 10, k = 1, β = 100, t 1 = 1 and Enterprise 2’s tech-nical content t rises from 0.01 in steps of 0.02 by Proposition 8.10 the impact of 2

the technical content of Enterprise 2 on equilibrium profi t of Enterprise 1 can be obtained as shown in Figure 8.6.

As can be seen from Figure 8.6, equilibrium profi t of Enterprise 1 is inversely proportionate to the technical content of Enterprise 2. Although Enterprise 1 innovates earlier than Enterprise 2, larger technical content of Enterprise 2 means smaller profi t for Enterprise 1.

b.  Impact of technical content of Enterprise 1 on equilibrium profi t  of 

Enterprise 2

Assuming that α = 200, C = 10, k = 1, β = 100, t 2 = 1 and enterprise 1’s technical content t rises from 0.01 in steps of 0.02 by Proposition 8.10 that the impact of the 1

technical content of Enterprise 1 on equilibrium profi t of Enterprise 2 is obtained as shown in Figure 8.7.
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Figure 8.6  Technical content of Enterprise 2 and equilibrium profi t of Enterprise 1.
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Figure 8.7  Technical content of Enterprise 1 and equilibrium profi t of Enterprise 2.
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As can be seen from Figure 8.7, the relation of Enterprise 2’s profi t to Enterprise 1’s 

technical content is not inversely proportional, when Enterprise 2 has invariable ability of innovation, namely, its technical content is invariable even after innova-tion. When t                                                         t    t , 2 > t , larger t indicates larger profi t of Enterprise 2; When 1 1 2 < 1 Enterprise 2’s profi t is a decreasing function of t , so smaller t is much better. It 1 1 shows that in the process of innovation, if the leading enterprise has higher techni-cal content, it is easier for it to seize the market. Furthermore, if the enterprise that is catching up gets a much higher technological content, it is simple for it to win greater profi ts on the basis of the original enterprise.

 

8.2  Game Model of Technology Transfer

and Stable Strategy

8.2.1  Game Model and Stable Strategy of Technical 

Innovation of Fixed Payment Model

In true life, a scientifi c research unit has more technology innovations than an enterprise because of its larger number of talents; therefore because of the limi-tations of both scientifi c research and enterprise, any enterprise has to cooperate with a scientifi c research unit in technology innovation. Th  erefore, any enterprise frequently faces two choices: one is carrying out technology innovation by itself, the other is cooperating with a scientifi c research unit, namely, the enterprise pays the scientifi c research unit reciprocal money for innovation, and then makes use of those innovations to produce. If the enterprise and the scientifi c research unit carry out cooperative innovation, what is the game between them like?

 

8.2.1.1  Construction of Game Model

If the enterprise wants to carry out technology innovation, it could choose indepen-dent innovation or cooperation with a scientifi c research unit. Assuming that they choose their own strategies of action aiming at their own profi t maximization with no moral hazard, a game model can be analyzed and solved.

 

8.2.1.2  Solution and Analysis of Game Model

1. Game model of scientifi c research unit innovating and Enterprise producing

 

Hypothesis 8.6: If the enterprise wants to use those innovations to produce, it has to 

pay scientifi c research unit reciprocal money, and reciprocal price is  ⎛     1    2 ⎞  p p  > β  ⎜  t  ⎝  1  ⎟  .  2  ⎠

Assuming that the profi t of scientifi c research unit is a fi xed proportion of the earnings, the profi t rate is r(0 < r < 1).
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Proposition 8.11: If the Hypotheses of 8.2 and 8.6 hold good, the payment price is 

p     β 2                                                     2 t = 1 r t β 1 , and the profi t of the scientifi c research unit is π = 2 rp = . 2(1 − r ) 2(1 − r )

 

Proof:  By the Hypotheses of 8.2 and 8.6, the profi t of scientifi c research unit is π = − β = 1                                       β 2                   2 t 2 2                                                 p p t 1 rp , the payment price is =      1                             1 r t β and π = =

2                                     2(1 −          2    rp             . r )                    2(1 − r )

Hence, proved.

As can be seen from Hypothesis 8.11, the payment price and the profi t of scientifi c research unit are both quadratic functions of technical content, in other words, the higher the demand for innovation technical content, the higher price the enterprise needs to pay and the greater profi t the scientifi c research unit gets.

Diff erentiating π with respect to the technical content t gives 2 1

 

∂π2    r t β =1 ∂ t 1 1 − r

 

As ∂π 2 > 0 , the profi t of scientifi c research unit is a increasing function of t1, which ∂ t 1

is obvious. Unless the enterprise buys technology from the scientifi c research unit, the latter cannot get any profi t. What is more, the higher the technical content of innovation, the higher the price enterprise pays, and the greater the profi t of the scientifi c research unit, assuming that the profi t rate of the scientifi c research unit is fi xed. As a result, if the ability of the scientifi c research unit allows, it is better for the technical content to be higher.  ❑

 

Proposition 8.12: If the Hypotheses of 8.1, 8.3, and 8.11 hold good, the greatest 

 

profi t of the enterprise is       ⎛   − +   2    β 2 a C kt 1 ⎞ t 1 π = 1 − ⎜ ⎟   , and the best technical ⎝ 2 ⎠ 2(1 − r )

 

content is           k a C ( − ) t *     . 1 = (2 (1 β/ − − 2 r )) k

 

Proof:  By the Hypotheses of 8.2 and 8.6, it can be seen that the profi t of the enter-prise is as follows:

 

π =                  β 2 t − − + 1 1 q a ( q C kt 1 ) − 1 1 2(1 − r )
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∂π = − − + = 1 a 2 q 1 C kt ∂ 1 0 (8.33)  q  1

Th  e best output is as follows:

 

q    a C − + kt1 * = 2 2

Th  e greatest profi t is as follows:

 

1                    1                      1 a C kt t − − + − ⎜ ⎟

π = a C                        2 − + kt ⎛ − + ⎞ β

1                                                 1 a C kt 2     ⎝ 2            ⎠    2(1 − r )

= ⎛              2         2 a C − + kt ⎞ β t

⎝ ⎜           1            1 − ⎟

2    ⎠                                   (8.34) 2(1 − r )

Diff erentiating the profi t with respect to the technical content and equating the 

derivative to 0:

 

∂π1     a C − + kt1   k   βt = × −1 2 = 0 ∂ t 1 2 2 1 − r

Th  e best technical content of Enterprise 1 in fi xed payment model is:

 

t *    k a C ( − )(1− r )    k a C ( − ) = 1                 (8.35) 2 2 2 β − − (1 r k ) = β − 2 k 1 − r

Because k > 0, a > C, 1 − r > 0, t 1 * > 0,

2β−(1 − r)k2 > 0

Th      ∂ π 2     2                2 1 k β (1 − r k ) − β 2 erefore = − = < 0 . ∂ 2 t 1 2 1 − r 2(1 − r )

When the technical content is t *, the function attains a maximum. So when the enter-1

prise carries out independent innovation, the best technical content is as follows:

 

t       k a C ( − )(1 − r )   k a C ( − ) * 1 = 2 2 = β β − − 2 (1 r k ) − 2 k 1 − r                    ❑

As seen from Proposition 8.12, in the process of technical innovation, higher tech-nical content does not mean larger profi t. When the technical content is t1 *, the 210 䡲 Theory of Science and Technology Transfer and Applications

 

innovation profi t is greatest. In other words, innovation has its own limits and technology needs to advance steadily. A quick advance in technology requires too much investment, which will be more than the income. Th  is is similar to some industries in real life. And t * is inversely proportionate to the profi t proportion r of 1

the scientifi c research unit, that is, a higher r implies lower technical content.

 

8.2.1.3   Best Technical Content Analysis of Enterprise 

Production After Independent Technology Innovation

Proposition 8.13: If the Hypotheses of 8.1, 8.2, and 8.3 hold good, the best output 

of enterprise after independent technical innovation is       a C − + kt2 q = , and the 2 2

π = ⎛              2 a C − + kt ⎞   1 − β

greatest profi t is    ′                        2             2 * ⎜ ⎟ t 2 ⎝ 2    ⎠ , and, the best technical content is 

2

 

t       k a C ( − ) * . 2 = β − 2 2 k

 

Proof:  As can be seen from the Hypotheses of 8.1, 8.2, and 8.3, the profi t of the enterprise after independent technology innovation is as follows:

 

π = ′ q p q        1   2 ( ( ) − c 2 ) − β t 2                  (8.36) 2 2 2

Th  e best output of enterprise after technology innovation is as follows:

 

q    a C − + kt2 * =                    (8.37) 2 2

Using Formula 8.37 in Formula 8.36, the largest profi t of enterprise after inde-pendent technology innovation is as follows:

 

π = ⎛   − +    2 a C kt 2 ⎞   1 ′ − β 2 * ⎜ ⎟ t ⎝ 2 2 ⎠ 2 (8.38)

 

∂π′*     a C − + kt   k = 2 2 * − β = t 2 0 ∂ t 2 2 2

Th erefore

 

t *    k a C ( − )                        (8.39) 2 = 2 β − 2 k ❑
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As 1 − r < 1, we can obtain t* 1< t* from Propositions 8.12 and 8.13, which shows 2

that a higher technical content of the enterprise after independent technology inno-vation is better for technology advancement and resource transformations. If the technical contents are equal, the profi t is larger when the enterprise carries out independent technology innovation.

8.2.1.4 Numerical Analysis

1. Impact of production technical content on the best profi t of enterprise

We assume that α = 200, C = 10, k = 1, β = 100, r = 0.2 and technical content rises from 0.012 in steps of 0.02. By Proposition 8.12 the impact of product technical content on the best profi t can be obtained as shown in Figure 8.8.

As can be seen from Figure 8.8, the best profi t of the enterprise improves along 

with the increase of technical content at fi rst, but declines after a period of time, as the foregoing conclusion shows.

  2. Impact of profi t rate r on technical content t

Assuming that α = 200, C = 10, k = 1, β = 100 and the profi t rate rises from 0.01 in steps of 0.01, by Proposition 8.12 the impact of the profi t rate on technical content can be obtained as shown in Figure 8.9.

As can be seen from Figure 8.9, the technical content is inversely proportionate to 

the profi t rate of the scientifi c research unit, that is, a larger profi t rate indicates lower technical content. As in the case of funds, a larger profi t rate means lesser funds for research, and naturally leads to lower technical content of innovation.

3. Impact of marginal technical content’s input parameter β on the best techni-

cal content

Assuming that α = 200, C = 10, k = 1, r = 0.2 and the marginal technical content’s input parameter β rises from 50 in steps of 5, by Proposition 8.12 the impact of 
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Figure 8.8  Impact of technical content on the best profi t.
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Figure 8.9  Impact of the profi t rate on technical content.
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Figure 8.10  Impact of input parameter of marginal technical content on technical content.

the marginal technical content’s input parameter β on the technical content can be obtained as shown in Figure 8.10.

As can be seen from Figure 8.10, the best technical content is inversely propor-tionate to the marginal technical content’s input parameter β, that is, a larger β indicates lower technical content. Th  is shows that if an enterprise is a large industry and achieves a certain degree of technical content, its technology will be diffi  cult for other enterprises to imitate. As a result, this enterprise will monopolize the marker for a long time to win more profi t.

  4. Impact of the cost decreased coeffi  cient of unit product technical content on 

the best technical content

Assuming that α = 200, C = 10, β = 100, r = 0.2, unit product technical con-tent’s cost decreased coeffi  cient k rises from 0.01 in steps of 0.04, by Proposition 8.12 that the impact of the unit product technical content’s cost decreased coeffi  -cient on the best technical content can be obtained as shown in Figure 8.11.
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Figure 8.11  Impact of the cost decreased coeffi cient of unit product technical content on technical content.

 

As can be seen from Figure 8.11, the best technical content is proportional to the unit product technical content’s cost decreased coeffi  cient k. If others conditions remain unchanged, a larger k means a larger technical content can be achieved. Th  is is understandable, as after innovation, the lower the cost, the more the profi t of the enterprise, and it is more benefi cial to increase investment to get a higher level of the best technical content.

 

8.2.2  Game Model and Stable Strategy of Technology 

Innovation while Paying according to a Certain Percentage of Total Profi t

8.2.2.1  Modeling and Analysis

In the model above, the sales risk of product was not considered and only the market-clearing price was taken into account. In reality, the product may remain unsold. Furthermore, the profi t from sales has a time lag. As a result, in the game model, the profi ts  of  an  enterprise  appear  to  be  larger,  but  in  practice  the  profi t of the scientifi c research unit is more reliable, as the enterprise would have to pay funds for research before innovation. Th  erefore, to share the risk, the enterprise will sometimes take a diff erent form of payment, that is research money paid to the scientifi c research unit will not be a fi xed amount. But relying on the output of the product, the greater the sales amount of the product, the more the money that will be paid to the scientifi c research unit.

 

Hypothesis 8.7: Th  e technical content of research-based innovative product is t, and the enterprise pays scientifi c research unit a certain percentage of the sales amount. Th  e royalty rate is μ.
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Proposition 8.14: If the Hypotheses of 8.1, 8.2, 8.3, and 8.7 hold good, the equilib-

rium output is       a C − + kt q * = , and the profi ts of the enterprise and the scientifi c 1 2

 

π = − μ ⎜ *          ⎛   − +   2 a C kt ⎞ (1 ) 1 ⎟ ⎝ 2 ⎠

 

research unit are separately                                2 * − β ⎜ ⎟ ⎝ 2    ⎠ π = μ ⎛             2 a C − + kt ⎞   1 2 t   ,    when, the best techni-

2

 

cal content of the scientifi c research unit is       μk a C ( − ) t * = . 2 2 β − μ k

 

Proof:  As can be seen from the Hypotheses of 8.1, 8.2, 8.3, and 8.7, the profi t of Enterprise 1 is as follows:

 

π = − μ 1 (1) ( q a − − + q C kt ) 1 1 (8.40)

Th e profi t of the scientifi c research unit is as follows:

 

π = μ 2q a             1   2 ( − − + q C kt ) − β t              (8.41) 1 1 2

By Formula 8.40

 

∂π = − μ − − + = 1 (1 )( a 2 q C kt ) 0 ∂ 1 q 1

Hence

 

q    a C − + kt * =                    (8.42) 1 2

Th erefore

 

π = − μ a C − + kt ⎛   a C − + kt      ⎞ * (1 ) ⎜ a − − + C kt 1 ⎟ 2 ⎝ 2 ⎠

 

= − μ ⎜ ⎛   − +   2 a C kt ⎞ (1 ) ⎟                         (8.43) ⎝ 2 ⎠
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π = μ a C − + kt ⎛   a C − + kt      ⎞ 1 2 * ⎜ a − + C kt t 2 − − β ⎟ 2 ⎝ 2 ⎠ 2

= μ ⎛             2 a C − + kt ⎞   1 − β

⎝ ⎜                     2 ⎟ t (8.44)  2    ⎠

2

 

For ∂π*          a C − + kt k 1 = 2(1 − μ ) * > 0 ∂ t 2 2

So π 1 is a increasing function of technical content t, that is, it is better for t to get larger.

 

∂π*      a C   kt k 2 − + = μ 2 * − β = t 0 ∂ t 2 2

 

It can be deduced that:

 

t       μk a C ( − ) * = 2 2 β − μ k (8.45)

❑

As can be seen from Proposition 8.14, the technical content t is a increasing func-tion of μ, which shows that a larger royalty rate μ indicates a larger technical con-tent t. It can be deduced that, when the royalty rate for the scientifi c research unit is larger, the funds for research are larger, and the technical content is certainly higher. However, the royalty rate cannot be too large, as Enterprise 1 needs to hold on to its normal profi t. So the royalty rate should be decided by specifi c conditions, in close relation with reality. If only a small part of the scientifi c research can be exploited, the royalty rate for the scientifi c research unit will be high; if the item of technology is not diffi  cult to exploit, the royalty rate will be lower; the royalty rate, therefore, is determined by the supply and demand in the market economy.

 

∂ π 2       2 * k 2 μ = − β ∂ 2 t 2 (8.46)

 

For       μk a C ( − ) t * = > 0 2 2 β − μ k

 

Th erefore μk2                    2 < 2 β , namely ∂ π ∂ > 2 / t 2 0. As a result, the greatest profi t of the sci-entifi c research unit is when the technical content is t* and t* is the best technical 216 䡲 Theory of Science and Technology Transfer and Applications

 

content of the scientifi c research unit. In other words, when the input parameter of marginal technical content of the scientifi c research unit is larger than the product of cost decreased coeffi  cient’s second power and the royalty rate, it is not always better to improve innovation and the best technical content. If the input param-eter of marginal technical content in a certain item of technology is very large or the royalty rate is too small, the profi t of the scientifi c research unit will reach its maximum at a certain technical content, that is, at either lower or higher than this certain value, the profi t will decrease.

8.2.2.2 Numerical Analysis

1.  Impact of technical content on the profi t of Enterprise 1 when the royalty rate 

is fi xed

Assuming that α = 200, C = 10, k = 1, β = 100, μ = 0.3 and technical content rises from 0.01 in steps of 0.02, by Proposition 8.14 the impact of the technical content on the profi t of Enterprise 1 can be obtained as shown in Figure 8.12.

As can be seen from Figure 8.12, when the enterprise pays the scientifi c research unit a certain proportion of the total sales amount in the process of technology transfer there is no best technical content of innovation, unlike in enterprises car-rying out independent innovation. Th e profi t of the enterprise is proportional to the technical content, that is, it is better for the technical content to increase.

  2. Impact of technical content on the profi t of scientifi c research unit when the 

royalty rate is fi xed

Assuming that α = 200, C = 10, k = 1, β = 100, μ = 0.3 and technical content rises from 0.01 in steps of 0.02, by Proposition 8.14 the impact of the technical content on the profi t of the scientifi c research unit can be obtained as shown in Figure 8.13.

As can be seen from Figure 8.13, for the scientifi c research unit, it is not always better to improve innovation and the best technical content.
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Figure 8.12  Impact of technical content on the profi t of Enterprise 1.
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Figure 8.13  Impact of technical content on the profi t of scientifi c research unit.
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Figure 8.14  Impact of royalty rate on the best technical content.

 

  3. Impact of Royalty Rate on the best technical content

Assuming that α = 200, C = 10, k = 1, β = 100, and technical content rises from 0.01 in steps of 0.01, by Figure 8.14 the impact of the royalty rate on technical content can be obtained as shown in Figure 8.14.

As can be seen from Figure 8.14, the best technical content is proportional to 

the royalty rate. In other words, a higher royalty rate for the scientifi c research unit means a larger technical content of innovation.

 

8.3  Game Model of Technical Diffusion 

and Its Stable Strategy Analysis

Th e diff usion of technical innovation can be seen as the process that enterprises with  potential  requirements  of  innovative  technologies  adopt,  motivated  by  the 218 䡲 Theory of Science and Technology Transfer and Applications

 

abduction of excess monopoly profi ts. When an innovative technology has not been completely diff used, but, at the same time is already in use by some enterprises, then a short-term equilibrium will be formed under monopolistic competition. In this condition, these enterprises will get excess monopoly profi ts, because the price is higher than the average cost in that period.

In practice, more and more new enterprises will be attracted to enter this fi eld, lead-ing to the fi nal price becoming equal to the average cost. Th  en the excess monopoly profi t will no longer exist and no more enterprises will enter the fi eld. Th en long-term equilibrium, called the “fully diff used status,” will be reached, and diff usion of technology will stop.

Th  erefore, the process of proliferation can be divided into three stages.

 

8.3.1  Single Monopoly of Innovator

Th e fi rst stage: single monopoly of the innovator. Assuming that Enterprise 1 is the only one who enters the market with a particular innovative technology, because the followers cannot produce the same products in a short period, at that point of time, Enterprise 1 will enjoy optimal production with the optimal price, and monopolize the profi ts in the market.

 

Hypothesis 8.8: It is assumed that the demand of the market is Q, and the techni-cal content of innovated products by Enterprise 1 is t 1.

 

Proposition 8.15: If Hypotheses 8.1, 8.2, 8.3, and 8.8 are tenable, the opti-

mal quantity, profi t, and technical content are respectively  a C − + kt1  Q  *  =  ,  2

π = ⎛              2 a C − + kt 1             2               k a C ⎞ 1 ( − ) *                   − β 1    ⎜            ⎟        t , 1 and t * =

⎝      2     ⎠                 1                . 2 2 2 β − k

 

Proof:  From Hypotheses 8.1, 8.2, 8.3, and 8.8, the profi t of Enterprise 1 is

 

π = 1 Q p Q       1   2 ( ( ) − c 1 ) − β t 1                  (8.47) 2

Taking the fi rst derivative of Formula 8.47 with respect to Q and equating the derivative to 0,

 

∂π = − − + = 1 a 2 Q C kt 1 0 ∂ Q
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Th  e optimal quantity of technical innovation is as follows:

 

Q *    a C − + kt =1                    (8.48) 2

Th  e optimal profi t of technical innovation is as follows:

 

π = ⎛   − +    2 a C kt 1 ⎞   1   2 * − β ⎜ ⎟ t                 (8.49) ⎝ ⎠ 1 1 2 2

 

∂π*     a C − + kt 1 =1 k 2 * − β = t 1 0 ∂ t 1 2 2

Th en,

 

t        k a C ( − )                         2 * 1 = (because t 1 > 0, a > 0, 2 β − k > 0) 2 2 β − k

So

 

∂ π = −β < 2 2 * 1 k 0 ∂ 2 t 1 2 ❑

From Proposition 8.15, we can see that, when t  <  t *, the profi t of Enterprise 1 increases 1

with the increase of t, and it increases rapidly in the beginning, then increases a C − slowly, and so Enterprise 1 can get its optimal profi t at the point t * 1 = .  2  2  β −  k

When t is greater than t *, the profi t decreases with the increase of t, and it decreases 1

slowly in the beginning, then decreases rapidly.

 

8.3.2  Another Company Entering the Market

As an eff ect of diff usion, in the process of industrialization of new technologies, many enterprises will dedicate time and money to research and development on the products with monopoly profi ts, and so the monopoly of Enterprise 1 will be temporary. Th  ere are bound to be other companies that enter the market with their developed products. Th  e duopoly competition will come into play after the second company enters the market, though it may not always be a success in innovating and then the technical content of the innovated product of the second company will be t (t     t ). 2 2 ≤ 1
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In this case of Cournor static game with incomplete information, Enterprise 2 is aware of the technical content of Enterprise 1 and its profi ts. However, Enterprise 1 does not know the degree of imitation in the new products of Enterprise 2 or its technical level.

 

Hypothesis 8.9: Th  ere are two possible results to Enterprise 2: one is that it succeeds in imitating. In this situation, the probability is x and the technical level is t 1.Th  e other is that the imitation is not successful, as a result, the prob-ability is 1 − x, and the technical level is t . Th  e outputs are decided by both 2 enterprises.

 

Proposition 8.16: If Hypotheses 8.1, 8.2, 8.3, and 8.9 are tenable, the profi ts of Enterprises 1 and 2 in the secondary stage are respectively

 

π = ⎜ ⎛                                  2 a C − + 2kt 1 − kt2 − kx t (1 − t 2 )⎞ * 1                                      ⎟ ⎝ 3            ⎠

 

π = ⎛   a −     +    +    +      −     2 ⎞                                            2 2 2 C kt 1 kt 2 kx t ( 1 t 2 ) ⎛ 2 a − 2 C − 2 kt 1 + 4 kt 2 + kx t ( − ⎞ + − 1 t 2 ) 2 x + ⎜ ⎟ (1 x ) ⎜ ⎟ ⎝ 6 ⎠ ⎝ 6 ⎠

− 1    2   1        2 x t β − − β (1 x t ) 1 2 2 2

 

Proof:  From Hypotheses 8.1, 8.2, 8.3, and 8.9, we can get the profi ts of Enterprise 2, as follows:

 

π = 2 q a                 1       1 2        2 *( − ( q + q ) − + C kt i ) − x t β − β − 1 (1 x t ) 2        (8.50) 2 1 2 2 2

 

Let: ∂π = − − − + = 2 a q 2 q C kt 0 i ∂ 1 2 q 2

Th e refl ected function of Enterprise 2’s output relative to Enterprise 1’s is

 

q     a − − + q C kt 1i * =                   (8.51) 2 2

 

If Enterprise 2 imitates successfully, the output is q H, otherwise, the output is q L. 2 2
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q H    a − − + q C kt 11 =                  (8.52) 2 2

 

q L     a   q   C   kt − − + 12 =                     (8.53) 2 2

Because Enterprise 1 does not know the technical content of Enterprise 2, it should 

take the expected eff ectiveness into consideration, when making the decision.

Th en

E π = 1 E a q [ − − − + q C kt 1)* ] q 1 2 1

=     − − H − +                  L x * ( a q q C kt 1 )* q + − (1 x )* ( a q − − q − + C kt1)* q 1 2 1 1 21

 

∂ π = E ( ) 1    − − H x a q .( q − + C kt1)− X q . + − (1 x ).(a q − − q − + C kt 1) (1 − − x q ). ∂ 1 2 1 1 2 L1 q 1

= − − L − +   − H + L a q q C kt 1 xq xq − q 1 2 2 21

= −   − +   − −   L −   H a 2 q C kt 1 (1 x q ). x q . = 0 1 2 2

 

Th e defl ected function of q is as follows: 1

 

q     a C − +        L    H kt q q 1 − − (1 x ) − x 2 2 * =             (8.54) 1 2

Combining the functions of Formulas 8.52, 8.53, and 8.54, we can get the 

solution:

 

q    a C − + 2kt   kt * 1 −2 − kx t (1 − t 2 ) 1 = 3

= a C − + 2kt1 − k t (2 + xt1 − xt2 ) (8.55)  3

Let F(x) = t     xt       , F (x)           , because t 2 + xt t 1 − 2 ′ = t 1 − 21 > t , F(x) is an increasing 2

function of x. 

From Formula 8.55, there is negative correlation between the optimal output q * 1

of Enterprise 1 and the probability X of Enterprise 2 to successfully innovate. Th at 

is the more X increases the less q * will be. 1

When other conditions remain unchanged, the output of Enterprise 1 is related 

to the technical level t of imitation of Enterprise 2, which means the closer t 22 reaches the level of Enterprise 1’s, the less q* will be. 1

Substituting Formula 8.55 in Formula 8.52:
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q H    2a   2C   kt   kt − + 1 +2 + kx t (1 − t 2 ) = 2 6

 

= 2a − 2C + kt1 + k t (2 + xt1 − xt2 ) (8.56)  6

 

probability of successful innovation, the higher the output Th  ere is proportional relationship between q H and x, that is the higher the 2 H q of Enterprise 2 2 will be. Substituting Formula 8.55 in Formula 8.53:

 

q = L                      1        2       1     2 2 a − 2 C − 2 kt + 4 kt + kx t ( − t ) 2 (8.57)

6

Th                            H  ere is a negative correlation between q and x, which implies that the higher 

2

the probability of successful innovation, the lower the output q L of Enterprise 2 2 will be.

Th  e following are the profi ts of Enterprise 2

 

π =                    1    2   1        2 * ( − + − + − β − β −

2                1      2             1            1                   2 2 q a ( q q ) C kt ) x t x t ) (1

2       2

=   H            H                  2          L           L                 2 1 1 xq (a − (q + q ) − + C kt1) − x t β + − (1   x q a ) ( − (q + q ) − + C kt ) − β 2                                             1                                              2           2 t

1      2                                           2          1      2 2                    2

⎛ 2 2  2  a  −  2  C  +  kt  +  kt  +  kx t  (  −  t  )  ⎞  ⎛  2  a  −  2  C  −  2  kt  +  4  kt  +  kx t  (  −  t  )  ⎞

=             1      2         1     2                                      1        2         1     2 x + − ⎜ ⎟ (1   x) ⎜ ⎟

⎝                 6                ⎠           ⎝                  6                  ⎠

− 1    2   1        2 x t β − − β

1                   2 (1 x t )

2       2

=    H 2 + −    H 2   1 β − 2 1       2 x q ( ) (1 x q )( ) − x t (1 ) 2 2 1 − β x t 2 2 2

Th  e following are the equilibrium profi ts of Enterprise 1 in the secondary stage:

 

π =        H                   L * 1 x * ( a q − − q − + C kt q 1 ) + − (1 x a q )( − − q − + C kt q 1 ) 1 2 1 1 21

=                         q + − (1 x)                          q 1 x 2a − 2C + kt1 + kt 2+kx t (1 − t2)           2a − 2 C − 2kt1 + 4kt2 + kx t (1 − t2 )1 6 6

= ⎜ ⎛ a C − +                2 2 kt 1 − kt 2 − kx t ( 1 − t 2 ) ⎞ ⎝                              ⎟ 3           ⎠

❑

Moreover:
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∂π* 1     a C − + 2kt1 − kt2 − kx t (1 − t2 ) 2k − kx = 2 * ∂ t 1 3 3

 

= 2 (2 k − x a C )[ − + kt1(2 − − x ) kt2(1 − x)] 9

 

Assuming that           * 1 t 2 ≤ t , 1 ∂π > 0, that is, in the event of another enterprise entering ∂ t 1

the market, the profi ts of Enterprise 1 in the secondary stage is proportional to the innovative technical content t in the fi rst monopoly stage, which means the 1

more the technical content of innovation in the fi rst stage, the more the profi ts of Enterprise 1 will be in the secondary stage.

 

∂π2   kx(1− x)[2a − 2C + kt1 + kt2 + kx t (1 − t =2 )] ∂ t 2 3

 

+ k(1 − x)(4 − x)[2a − 2C − 2kt1 + 4kt2 + kx t (1 − t2 )] − − β (1 x t )2 3

 

= k(1 − x)(8a − 8C − 8kt 1 +16kt2 + 7 ( kx t1 − t2 ) − − β (1 x t )2 3

 

∂π = 2 0 ∂ t 2

 

From the above results it is clear that:

 1. If x = 1, the technical content of Enterprise 2 is the same as Enterprise 1. At 

this time, ∂π2 is equal to 0. Because the technical content of Enterprise 1 

∂t2

is fi xed, Enterprise 2 could reach its optimal profi ts only when it obtains the 

same technical content as Enterprise 1.

 2. If x ≠ 1, then

 

t*    8a − 8 C − 8kt 1 + 7kxt = 21                    (8.58) 2 k − 2 16 7 k x − β 3

 

From the above equation, it is clear that the technical content of Enterprise 2 is 

negatively correlated with that of Enterprise 1.
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8.3.3  N Enterprises Entering the Market

With further diff usion of technology, more related products are developed, and more enterprises enter the market. Th  en, a competitive climate of N competitors is created, through mutual game play. In this situation, the technology has been widely used, so the companies are close to each other in the aspect of technical level, which is in accordance with the Cournot multioligopoly competitive model. Simplifying the calculation, the technical content of each enterprise is t , and any 1 enterprise should pay the cost so as to produce the products with technical level t 1.

 

Hypothesis 8.10: It is assumed that in the competition of N enterprises, the tech-nical content of each is t , Besides, to each enterprise, marginal parameters of learn-1

ing is                                  1   2 , and learning cost is λ P = λ t(0 < λ < β, 0 < ≤ i N ) i . 2

Proposition 8.17: If Hypotheses 8.1, 8.2, 8.3, and 8.10 are tenable, the optimal technical content of the Cournot competitive model is as follows:

 

t            2 ( k a C − ) * 1 = 2   2 ( N + 1) λ − 2 k

 

Proof:  From Hypotheses 8.1, 8.2, 8.3, and 8.10, the profi ts of Enterprise i, are as follows:

 

π = i q p Q        1   2 * ( ) − q c * i − λ t i i i 2

 

= q p Q       1   2 ( ( ) − c ) − λ 1 t 1 i 2

 

= ⎛      N              ⎞    1 ⎜ − − + ⎟ − λ 2 q a q ⎜ ∑ j C kt 1 t ⎟ 1               (8.59) i 2 ⎝ j = 1 ⎠

Th en

 

q    a C − + kt1 =   (0 < ≤ i N )               (8.60) i N + 1

 

π = ⎛              2 a C − + kt ⎞   1        < ≤

i                                                                     i     N ) 1 *               1             2 − λ t   (0 ⎜ ⎟ ⎝ +   ⎠ N 1     2
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Taking the fi rst derivative with respect to t in the above equation, and equating 1

the derivative to 0,

 

∂πi     a C − + kt1    k = 2 *   − λ = t 1 0 ∂ t 1 3 N + 1

Th en:

 

t            2 ( k a C − ) * 1 = 2   2                           (8.61) ( N + 1) λ − 2 k ❑

 

It is clear from Proposition 8.17 that, when other conditions remain unchanged, 

t is negatively correlated with N. Th  en, the more the technology content of tech-1

nology innovation the more the enterprises that will participate in the technology spillover, and vice versa. Subsequently, if technology content is steady, the more the enterprises that participate the less the profi t will be.

Because of the restriction of the assumptions, in the model, the output of each 

enterprise in the total competition will be the same. However, in reality, as the diff erence in the scale of the enterprise and the starting time, the output of dif-ferent enterprises may diff er. On the contrary, as the technology has been widely used, the price of the product will remain nearly the same. With the decrease in profi ts, large enterprises, which entered the market early, may gradually reduce their output, and move to other products with higher technical content. But to small enterprises, where the cost of imitation is small, the profi ts are acceptable. Th  e assumption, treating the products of diff erent enterprises as the same, can serve as a general rule.

 

8.3.4 Numerical Analysis

8.3.4.1  Comparison of Profi ts in Different Stages of Enterprise 1

It is assumed that α = 200, C = 10, k = 1, β = 100, λ = 1, N = 20, t , t , and x, respec-1 2 tively rises from 0.5, 0, and 0, in steps of 0.02, 0.03, and 0.02 respectively. From Proposition 5.1, the profi t of Enterprise 1 in the fi rst stage can be obtained, as shown in Figure 8.15. Furthermore, from Proposition 8.16, the profi t of Enterprise 1 in the second stage can be calculated, as shown in Figure 8.16. From Proposition 5.1, the profi t of Enterprise 1 in the third stage can be calculated, as shown in Figure 8.17.

From Figures 8.15 through 8.17, the following conclusions can be drawn: fi rst, 

Enterprise 1 gets its highest profi ts in the fi rst stage and its least profi ts in the third stage, which means the monopoly enterprise has the advantages of monopoly. Second, in the fi rst and the third stage, Enterprise 1 has optimal technical content of innovation. However, in the second stage, the higher the technical content it has 226 䡲 Theory of Science and Technology Transfer and Applications
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Figure 8.15  Profi t of Enterprise 1 in the fi rst stage.
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Figure 8.16  Profi t of Enterprise 1 in the second stage.
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Figure 8.17  Profi t of Enterprise 1 in the third stage.
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the better, as the higher the technical content it has the harder it is for Enterprise 2 to compete with it. Finally, in the third stage, the profi t of Enterprise 1 is low. So to get further advantages in the keen competition of the market, Enterprise 1 should venture into the next round of innovation.

8.3.4.2  Analysis on Gross Profi t

Assume that α = 200, C = 10, k = 1, β = 100, λ = 1, N = 20, t 1, t2, and x respec-tively rises from 0.5, 0, and 0, in steps of 0.02, 0.03, and 0.02 respectively. From Proposition 8.16, gross profi t in the second stage, can be obtained as shown in Figure 8.18. Furthermore, from Proposition 8.17, gross profi t in the third stage can be obtained, as shown in Figure 8.19.

In the fi rst stage, only one enterprise exists, so gross profi t is equal to the profi t 

of Enterprise 1. From Figure 8.15, Figures 8.18 and 8.19, the following two points are clear:

First, the optimal technical content of innovation is required for gross profi t in 

every stage, but the requirements diff er. Gross profi t in the fi rst stage demands the 
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Figure 8.18  Gross profi ts in the second stage.
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Figure 8.19  Gross profi ts in the third stage.
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most, followed by that in the second stage, and the minimum is required in the third stage. Second, after the innovation of all the enterprises, the gross profi t in the fi rst stage is higher than that in the second stage, which is in turn higher than that in the third stage. Th  at is to say, with the diff usion of technology, the profi t of enterprises has decreased; this has been transformed into consumer surplus, and social welfare improves.

 

8.4  Game Model of Technical Spillover 

and Its Stable Strategy Analysis

In real life, there are only a few products that are exactly the same as the others. Even though the products have the same technical content, the brand, the technol-ogy, and some other aspects may diff er. In addition, the spillover of technology is inevitable. Th  is chapter focuses mainly on the Game model of technical innovation and its strategy analysis, under the condition that the spillover of innovation exists, and that the products are alternative. For the convenience of the discussion, techni-cal innovation of duopoly enterprises are taken into consideration.

8.4.1  Construction and Analysis of the Model

Hypothesis 8.11: Th  e products are diff erent and substitutable. Th e alternative coeffi  cient is θ(0 ≤ θ ≤ 1). At the same time, the spillover of innovation exists, and the spillover coeffi  cient is δ(0 ≤ δ < 1).

Proposition 8.18: If Hypotheses 8.1, 8.2, 8.3, and 8.11 are tenable, the profi ts of Enterprise i will be as follows.

 

π = − − θ − +   + δ    − β i (                                          1   2 a q q C kt i kt q j ) t     (i = 1,2) i j i i 2

Proof:  From Hypothesis 8.1 and Hypothesis 8.11, the price of products is pi = a − qi − θqi. Meanwhile, from Hypotheses 8.3 and 8.11, the cost of products is known to be c    C i =− kti − δkt . So the profi t of Enterprise i is given by j

 

π = i    − i   − β pq         1   2 c q t i i i 2

= − − θ                1 2 (              )    − (    − − δ )    − β a   q    q q    C   kt    kt q      t i                                      i              j                    i

j     i                                        i       2

 

= − − θ − + (                                        1   2 + δ − β a q q C kt kt q i i j ) t j i i                   ❑ 2
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From Proposition 8.18, the profi t of Enterprise 1 and that of Enterprise 2 could 

be obtained as follows.

 

π = − − θ − + 1 (                                          1   2 a 1 + δ 2 − β q q C kt kt q ) t 1 1 2 1 2

 

π = −                 1 2                              2        1             2 2 ( a q − θ − + q   C   kt + δ kt q ) − β 1                                t 2 2

 (8.62)

 

∂π = − −θ − + + δ = 1 a 2 q q C kt 1 kt 2 0 ∂ 1 2 q 1

 

∂π = − −θ − + + δ = 2 a 2 q q C kt 2 kt 1 0 ∂ 2 1 q 2 (8.63)

Solving the equation,

 

q    (θ − 2)(a C − ) ( + θ − δ 2 )kt2 + δγ − ( 2)kt =1 1 θ − 2 4

 

q = (θ − 2)(a C − ) ( + θ − δ 2 )kt1 + δθ − ( 2)kt2 (8.64)  2  θ −  2  4

Substituting Formula 8.64 in Formula 8.62:

 

π =                                − β 1 ⎜ ⎛                                            2 (θ − 2)(a C − ) ( + δθ − 2)kt1 + θ − δ (     2 )kt 2 ⎞   1   2 ⎝                                           ⎟        t θ − 2                                      1 4 ⎠ 2

π = ⎛                                            2 ( θ − 2)( a C − ) ( + θ − δ 2 ) kt + δθ − ( 2) kt ⎞   1 − β

2                                                                   2 2 t 1                2             2 ⎜ ⎟ ⎝ 4              ⎠

θ − (8.65)

2

when other conditions remain unchanged, the equilibrium, which is pro-

portional to the spillover coeffi  cient,  is  negatively  correlated  with  the  alternative coeffi  cient.

 

Let ∂π1    (θ − 2)(a C − ) ( + δθ − 2)kt1 + θ − δ ( 2 )kt =2   (δθ − 2)k 2 + − β = t 1 0 ∂ 2 2 t 1 θ − 4 θ − 4

Th en:

 

t    = 2( θ − 2)(a C − ) 2( + θ − δ 2 ) kt2 + δθ − ( 2)k * 1 2           (8.66) ( θ − β − δθ − 4) 2( 2) k 230 䡲 Theory of Science and Technology Transfer and Applications

 

And ∂ π 2                   2 1 ( δθ − 2) k + − θ β (4 ) ∂ = ∂ 2 2 t 4 1 θ −

 

∂π2     (θ − 2)(a C − ) ( + θ − δ 2 )kt1 + δθ − ( 2)kt2   (δθ − 2)k = 2 + − β = t 2 0 ∂ 2 2 t 2 θ − 4 θ − 4

 

So:

 

t        2( θ − 2)(a C − ) 2( + θ − δ 2 )kt1 + δθ − ( 2)k * =           (8.67) 2 2 ( θ − β − δθ − 4) 2( 2) k

 

8.4.2 Numerical Analysis

Because the status of Enterprise 1 is equal to that of Enterprise 2, only numerical relations of Enterprise 1 are discussed. Unless otherwise mentioned, all the numeri-cal values belong to Enterprise 1.

 1. Th  e relation between the equilibrium profi t and the spillover coeffi  cient of 

Enterprise 1

Assuming that α = 200, C = 10, k = 1, β = 100, θ = 0.5, t 1 = 0.5, t2 = 0.5, δ rises from 0, in steps of 0.02, from Proposition 8.18, the relation between the equilib-rium profi t and the spillover coeffi  cient, can be obtained as shown in Figure 8.20.

Th e bigger the spillover coeffi  cient is, the more the equilibrium profi t  of Enterprise 1 will be, which can be concluded from Figure 8.20. Because Enterprise 1 not only gets profi t from its innovation, but also from the innovation of Enterprise 2, the spillover of technology is benefi cial to the receiver enterprise, which accepts the technology.
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Figure 8.20  Relation between the equilibrium profi t and the spillover coeffi cient.
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 2. Th  e relation between the equilibrium profi t and the alternative coeffi  cient of 

Enterprise 1

Assuming that α = 200, C = 10, k = 1, β = 100, δ = 0.5, t 1 = 0.5, t2 = 0.5, θ rises from 0, in steps of 0.02, from Proposition 8.18, the relation between the equilibrium profi t and the alternative coeffi  cient can be obtained, as shown in Figure 8.21.

Th e bigger the alternative coeffi  cient is, the less the equilibrium profi t  of 

Enterprise 1 will be, which can be concluded from Figure 8.21. Because the prod-ucts of Enterprise 1 could be substituted by the products innovated by Enterprise 2, the profi t of Enterprise 1 may decrease because of the loss of some clients.

 3. Th  e relation between the optimal technical content and the spillover coef-

fi cient of Enterprise 1

It is assumed that α = 200, C = 10, k = 1, β = 100, δ = 0.5, t 2 = 5, θ rises from 0, in steps of 0.02. From Formula 8.66, the relation between the optimal technical content and the spillover coeffi  cient can be deduced, as shown in Figure 8.22.
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Figure 8.21  Relation between the equilibrium profi t and the alternative coeffi cient.

t                                                                                                                                                      1.6

[image: ]

ten

1.58

on

al c                                                                                          1.56

echnic                                                                                          1.54

1.52

ptimal t

O                                                                                                                                                      1.5

0      0.1     0.2     0.3     0.4     0.5     0.6     0.7      0.8      0.9      1

Spillover coefficient

 

Figure 8.22  Relation between the optimal technical content and the spillover coeffi cient.
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Figure 8.23  Relation between the optimal technical content and the alternative coeffi cient.

From Figure 8.22, it is clear that the optimal technical content is proportional to spillover coeffi  cient. In other words, the bigger the spillover coeffi  cient is, the more the optimal technical content of Enterprise 1 will be. Because the innovation of Enterprise 2 increases the technical content of Enterprise 1 besides its own, the spillover of technology is benefi cial to enterprises, which receive technologies.

 4. Th  e relation between the optimal technical content and the alternative coef-

fi cient of Enterprise 1

It is assumed that α = 200, C = 10, k = 1, β = 100, δ = 0.5, t 2 = 5, δ rises from 0, in steps of 0.02. From Formula 8.66 the relation between the optimal technical content and the alternative coeffi  cient can be deduced, as shown in Figure 8.23.

From Figure 8.23, it is clear that the optimal technical content is negatively correlated with the alternative coeffi  cient. In other words, the bigger the alternative coeffi  cient is, the less the optimal technical content of Enterprise 1 will be.

 

8.5  Evolutionary Game Model of Technical 

Innovation and Its Strategy Analysis

Game theory, taking the interaction of many decision subjects into consideration, mainly researches on a rational person taking decisions and the equilibrium prob-lems of the decisions. Th  e assumptions of the above analysis treat all enterprises as rational and the information as complete, which is too much for game subjects, as game theory cannot tell which equilibrium will be reached when facing too many choices. In real life, the decisions of enterprises, aff ected by the complicated changed environment, incomplete information of enterprises and some other aspects, may be irrational in the process of technical innovation. Evolutionary Games Th eory suc-ceeds in using groups to replace individuals in Game Th  eory in the following ways. 
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First, with the assumption of limited rationality, Evolutionary Games Th eory gives the option of choosing decisions for Game subjects. Second, it treats groups as players instead of individuals. Finally, it substitutes ratio of diff erent pure strate-gies selected by individuals in a group for a mixed strategy of players. Th is section will analyze the technical innovation of enterprise from the aspect of Evolutionary Games Th eory.

8.5.1  Construction of the Model

In the evolutionary game problem of technical innovation, the enterprise has two strategies for selection, which are innovating and imitating. In the model, the deci-sion is mainly a group decision and the behavior is organizational behavior. But participators’ abilities to fi nd the mistakes and adjust the strategy in time are poor. Furthermore, the changing economical behavior is a process of slow evolution, and not quick learning. As a result, in the process of dynamic replication of technical innovation, the rational level of participators is low. Each enterprise of the group should react (may not be optimal) to the game condition; they will either make technical innovation on their own or imitate other successful enterprises.

Taking the evolutionary game of technical innovation, with profi t being uncer-

tain as an example, its profi t and loss value matrix is shown in Table 8.1.

In evolutionary game problems, the rational level and learning speed of the 

members is low. We make random pairs of members of the group, and the game repeats. Low learning speed means the transformation towards optimal strategy is not realized by all game players at the same time, but gradually realized in diff erent times. Assuming that, in Game 1, ratio x of individuals takes the strategy of inno-vation, and ratio 1 − x of them takes the strategy of imitation. Th  e expected profi t of Game i is u (i, j  1, 2) when choosing the strategy of j, and the average profi t of ij =

Game    − i is u . Th  en the expected and the average expected profi t of Game 1 could i

be calculated as follows.

u 11 = ya + − (1 y c )

u 12 = ye + − (1 y g ) (8.68)

 

u1 = xu11 + − (1 x u )12 (8.69)

Table 8.1  Profi t and Loss Value Matrix 

of 2 × 2 Asymmetric Game

Player-2                   Innovation    Imitation

Player-1    Innovation       a, b          c, d

Imitation          e, f           g, h 234 䡲 Theory of Science and Technology Transfer and Applications

 

Th  e expected profi t and average expected profi t of Game 2 are as follows:

u21 = xb + − (1 x f )

u22 = xd + − (1 x h ) (8.70)

 

u2 = yu21 + − (1 y u )22 (8.71)

According  to  the  ideology  of  evolutionary  replicator  dynamics  of  biology,  the game player who benefi ts  less  than  the  others  will  change  his  strategy  so  as  to get more profi t. Th  en the ratio of diff erent strategies being selected will change. Meanwhile,  the  changing  rate  of  special  strategy’s  ratio  is  proportional  to  the range between its profi t and average profi t. So the changing speed of ratio x of player 1 taking the strategy of innovation could be represented as the following diff erential equation.

 

dx = x u ( − = u ) x u ( − xu − − (1 x u ) ) d      11              11      11            12 t

= x(1 − x)[(a − + − e g c y ) + − c g ] (8.72)

Let Formula 8.72 be equal to 0, and the equilibrium point of the replicator dynamics equation can be obtained. In this situation, ratio x of player 1 taking the strategy of innovation is stable in the process of replicator dynamics.

 

x                      g − c = 1 0, x 2 = 1, y = a − + − e g c

Th  e changing speed of ratio y of player 2 taking the strategy of innovation could be represented by the following diff erential equation.

 

dy = y u (21      2 u − ) = y u (   − yu   − − (1 y u ) ) d                21       21             22 t

= y(1 − y)[(b − + − d h f y ) + − f h] (8.73)

Let Formula 8.73 be equal to 0. In this situation, ratio y of player 2 taking the strategy of innovation is stable in the process of replicator dynamics.

 

y                          h − f = 1 0, y 2 = 1, x = b − + − d h f
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Th e fi ve equilibrium points calculated are

 

A 0,0 , B 0,1 , C 1,0 , D 1,1 , E ⎛         h − f               g − c     ⎞ x ( ) ( ) ( ) ( ) = , y = ⎜ ⎟ ⎝ b − + − d h f a − + − e g c ⎠

 

Th e fi rst four stable points imply members of the group tend to take the same 

strategy (1 or 2). Point A implies player 1 and player 2 both take the strategy of imitation; Point B implies player 1 takes the strategy of imitation whereas player 2 takes the strategy of innovation; Point C implies player 1 takes the strategy of inno-vation whereas player 2 takes the strategy of imitation; Point D implies player 1 and player 2 both take the strategy of innovation; Point E implies diff erent members of the group take diff erent strategies in some defi nite ratio. Th e fi rst four points are corresponding to the pure strategy equilibrium of the perfect rational game, and the last point corresponds to the mixed strategy equilibrium. It is noteworthy that these stable points only mean that the ratio of players taking special strategy have reached a certain level, which will not change, but which stable point the process of replicator dynamics will tend to cannot be predicted. Depending on the specifi c problems, the tendency will be decided by the initial status of the ratio of players taking strategies and the condition of the dynamic diff erential equation in the cor-responding interval.

Besides, real stability should be of anti-interference. Th  at is to say, if the above 

proportion relation deviates from these stable points, replicator dynamics may reset it. In addition the derivative of stable points should less than 0; in other words, the slope of the tangent line should be negative. If the point (x, y) satisfi es the above requirements, it can be called the evolutionary stable strategy in the evolutionary game, which means players with limited rationality have stable proportions in the process of dynamic strategy adjustment.

 

8.5.2 Case Study

It is assumed that player 1 and player 2 are competitive enterprises in the game. Th  eir initial profi ts are respectively 160 and 150. If one of them carries out innova-tion, the market share of the other one will decrease. When player 1 carries out technical innovation, their profi ts will change to 200 and 60, respectively; when player 2 carries out technical innovation, their profi ts will change to 70 and 210; when both the enterprises make innovative investigation, their profi t will decrease to 60 and 40 respectively after deducting the innovation cost. Th  e loss and profi t matrix of this Game is shown in Figure 8.2 and Table 8.2.

It is clear from Figure 8.2 that the advantages of innovation are many. When 

player 1 carries out innovative investigation, choosing the strategy of imitation is optimal to player 2. However, will player 2 wait for its doom? No. Every enterprise 236 䡲 Theory of Science and Technology Transfer and Applications

 

Table 8.2  Loss and Profi t Matrix

Player-2                   Innovation    Imitation

Player-1    Innovation      60,40        200,60

Imitation       70,210       160,150

 

will take existing competition into account, and the greatness of player 1 is tan-tamount to the doom of player 2, so it is likely that player 2 will make innovative investment at the same time.

Above all, the evolutionary stable strategy of this model is E(0.75,0.8). In this strategy, three-fourths of the enterprises at player 1 level innovate, and the others carry out imitation. Meanwhile, four-fi fths of the enterprises at player 2 level inno-vate and the others carry out imitation.

 

8.5.3 Results Analysis

From the evolutionary games model, we can see that, in the long-term innovative evolution of the big-scale group, when the profi t of enterprises after innovation is according to the above assumption, the number of individuals at the player 1 level taking the strategy of innovation will be stable at 75 percent, while the others carry out imitation. Th  e number at the player 2 level will be 80 percent. Because innova-tion requires more investment, in a certain period the profi t gained by innovation cannot catch up with that gained by imitation. However, even though the current benefi t is not satisfactory, developing the market and founding a brand by means of innovation may be more attractive for most enterprises. In a word, the economic benefi t of innovation is more than that of imitation in a long-term goal, in terms of feasibility.




Chapter 9

 

Comprehensive 

 

Measurement of 

 

Technology Transfer and 

 

the Analysis of Its Impact 

 

on Economic Growth

 

Th  is chapter focuses on the hierarchical structure and issues of the comprehensive measure of technology transfer, and how they aff ect the causal relationship between  China’s economic growth and technology transfer through structural indicators of the degree of technology transfer and the Granger causality model of technol-ogy transfer. Th  is chapter analyzes the spillover eff ect of Foreign direct investment (FDI), which is an important aspect of international technology transfer domesti-cally and the spillover eff ects of FDI, and China’s technology in promoting techno-logical progress and economic growth. FDI, accompanied by advanced production technology and advanced management methods and technology spillover eff ect, directly promotes China’s technological progress and economic growth, improves the competitiveness of China’s enterprises and products in the international market, and this will be benefi cial  to  China’s  economic  growth  in  both  the  short-  and long-term.
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9.1  Comprehensive Measure of Technology Transfer

9.1.1  International Technology Transfer Measurement

Th  e indicators of the measure of international technology transfer are technology balance of payments (the diff erence), the license revenue and expenditure, patent rate of self-refl ection, the rate of technology development locally, FDI, scientifi c publications and reference, scientifi c movement and the number of scientifi c collo-quiums, etc., as shown in Table 9.1. And the three technical indicators—technology balance of payments (the diff erence), the license payments, and patents rate—are direct measures for the number of international technology transfers, and the oth-ers are the indirect indicators added as supplementary ones.

Some of the indicators are explained here in brief:

1. International technology balance

Technical indicators for the balance of payments were fi rst developed by the organi-zation for economic cooperation and development (OECD). Th  ey serve as a measure of scientifi c and technology activity in the second generation system on the manual and basic skills in OECD member countries to promote the use of statistics.

OECD’s technology balance of payments is defi ned to measure the fl ow of inter-national technology through records of interstate transactions relating to the intan-gible trade and the invisible trade, which has something to do with the technical knowledge and the trade-related services including technical content. Technology balance of payments is just an integral part of international technology transfer; 

 

Table 9.1  The Indicators of the Measure of International Technology Transfer

The three main indexes      1.  International technology balance 

of payments (the difference)

2. Permit payments

3.  The rate of technological 

self-satisfaction

Supplementary indicators   1. Foreign direct investment (FDI)

2. The patent self-refl ection rate

3.  Technical publications and citation

4.  Mobile technology workers and 

the number of meetings to discuss 

the technical issues
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therefore, other data should also be added to international technology transfer, such as FDI and so on.

 2. Th  e rate of technical self-satisfaction

International technology dependence is an important indicator of domestic depen-dence on foreign technology, which can be indicated as the trade balance, which is the ratio of the export of technology to the introduction of technology, or can be measured as the ratio of the introduction of technology to the expenditure for R&D. In general, the higher the balance of technology trade, the higher the tech-nological competitiveness.

Th  e rate of technical self-satisfaction refl ects the domestic technological stan-

dard for meeting the demand, according to the formula:

Technical self-satisfaction rate = 1 − the degree of dependence on international 

technology

Technical self-satisfaction rate = 1 − the technology trade balance

  3. Patent rate of self-refl ection

Patents can refl ect the innovative activities of enterprises, intellectual property ownership, and the level of technological development, technical and economic competitiveness in both the macro and micro levels. Generally speaking, a coun-try’s international patent cases can be an important indicator of its technical  competitiveness characterization. Methods of protecting intellectual property rights have become increasingly more eff ective worldwide. In the international competi-tion, any enterprise in one country must declare its patent in other countries to maintain its place in international competition and if it has an ambition to explore the international market with its own unique technology. Th  e quantity and qual-ity of patents of an enterprise in foreign countries, to a certain extent, indicate its international competitiveness.

Th  e patent rate of self-refl ection refl ects a country’s demand for foreign patents. 

Th  e formula for the measure is shown as follows:

Patented self-refl ection rate = number of patents registered by citizens/number 

of patents registered domestically.

Th  e total number of patents domestically registered = number of patents reg-

istered by citizens and the number of patents registered by foreigners to apply for authorization

  4. License revenue and expenditure

Th  ere are important diff erences between license revenue and expenditure and inter-national technology balance which refers to the invisible authority right of revenue and expenditure (such as patents, copyrights, trademarks, and franchising). License 240 䡲 Theory of Science and Technology Transfer and Applications 

 

Table 9.2  Chinese Technology Transfer Indicators Measure

Technology Transfer Level                    Indicators

International technology     1. Foreign direct investment

transfer

2.  The introduction of foreign technology

3. High-tech product imports

4. Foreign economic cooperation

5. High-tech product exports

Domestic technology        1.  Domestic market turnover of technology

transfer

2.  Appreciation in domestic knowledge-

based services

 

revenue and expenditure are covered by a clear, direct range, which refl ects the level of technology transfer in these forms of ownership.

9.1.2  Technology Transfer Indicators of Measurement in China

As a system, technology transfer has a hierarchical structure; therefore, in establish-ing the measure of technology transfer level indicators in China, the subindexes corresponding to every subsystem are taken into account, and then integrated to refl ect the level of China’s comprehensive technology transfer.

Th  e caliber of the statistical data is inconsistent for China’s measurement of technology transfer since China’s system of indicators does not cover the OECD indicator system. To measure the level of China’s comprehensive technology trans-fer, indicators are called for to adapt to China’s own situation. According to the available resources in China, taking into account the availability of data in such areas, China’s technology transfer can be divided into international transfer and domestic transfer, as shown in Table 9.2.

 

9.1.3  Indicators Analysis of Measurement 

in Technology Transfer

9.1.3.1  FDI Technology Spillover

After the reform and the opening up, China has made great eff orts to attract for-eign investment to such a large extent FDI is fl ooding into China. FDI has had a very great impact on technology progress in China. So FDI is considered an impor-tant indicator of international technology infl ow, introducing FDI as an indicator in the comprehensive measurement of technology transfer.
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9.1.3.2  Introduction of Foreign Technology (JSYJ)

1. An overview of the introduction of foreign technology

JSYJ is used as the symbol for the introduction of foreign technology. Th e intro-duction of technology denotes the transfer of technology from abroad to home. Specifi cally, the technology is a means of bringing foreign technology knowledge and experience, as well as the necessary ancillary equipment and apparatus for the development of the national economy to make scientifi c and technological progress. Technology introduction contains the following three concepts:

First, the technology introduction is introduction of foreign technologies to the 

domestic market.

Second, there are principal diff erences between technology introduction and 

import of equipments. People often divide technology into software and hardware technologies in a broad sense. Software technology is the aforementioned technical knowledge, experience, and skills, being a kind of ‘pure’ technology. Hardware tech-nology, on the other hand, refers to materialized equipment like physical and chemi-cal techniques. Th  e import of equipment is commonly understood as people merely purchasing equipments from abroad instead of software technology. If people pur-chase software technology from abroad with some equipment, it can then be regarded as the introduction of technology.

Th  ird, the introduction of technology is designed to improve the manufacturing 

capacity, the level of technology and management of one nation or an enterprise, only by introducing the technology of the software and absorbing it.

 2. Th  e description of China’s recent introduction of foreign technology

China’s industry phylogeny is the history of the introduction of foreign technology in some sense. After the reform and the opening up, domestic industry was staggered by the advanced science and technology of the developed countries. Th erefore, the introduction of foreign technology was regarded as a shortcut to enter the advanced world of technology and to alter the disadvantageous status of China’s industrial technology. Especially since the 1990s, Chinese economy has grown at great speed continually and come up with signifi cant achievements, which have something to do with the positive Chinese attitude to the introduction of foreign technology. From Table 9.3, we can see that technology sales have increased year by year from 1994 to 2000. In 1994 the introduction of foreign technology was worth $ 4,105,760,000, whereas, in 2000 it amounted to $ 18,175,960,000, an increase of 342.69 percent. Soon after, the country recognized that blind introduction of technology resulted in attaching too much importance to introduction rather than the digestion of the technology, emphasizing hardware instead of software, introducing capital instead of technology, and a very serious phenomenon of duplicate introduction, resulting in huge numbers of technology import contracts since 2000.
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It is obvious that China’s technology import contracts have remained stagnant. 

Th  ere are many reasons, not only foreign but also domestic, for this. Th e main internal factor is the shift of Chinese technology policy from mere introduction to the combination of digestion and absorption along with innovation.

 

9.1.3.3  High-Tech Product Imports (GJSJK)

 1. Th e defi nition of high-tech products

GJSJK is used as the symbol of high-tech product imports. It is recognized by OECD, the United States and other countries that “high technology” refers to new industrial technology or cutting-edge technologies, which have a huge impact on the military func-tions and the economy of the whole country and have even greater social signifi cance.

Th  e concept of “high-tech,” varies with time and location. As a result, high-

tech products should be defi ned according to the diff erent stage characteristics of economic development as far as possible to enable international comparisons using international methods.

At present, the standard that measures high-tech products is not perfect, and 

as yet the unifi ed standard measure of high-tech products has not been established internationally. As the high-tech products are closely related to the level of  economic development, at a new stage of economic development, the original high-tech prod-ucts may change into “old” products, with the emergence of possible new products. In addition, due to the uneven national economic development, in a certain period, the mature industrial products in developed countries may be high-tech products in  developing  countries.  Th  erefore,  it  is  a  very  complex  task  to  defi ne  high-tech products. Nevertheless, the high-tech products are still defi ned as follows with three main indicators: fi rst, R&D intensity; second, the proportion of scientifi c and technology talents; and third, the technical complexity of the products, such as the technological level of products, the equipment for producing products, and the level of technology, etc.

  2. Recent situation in China’s high-tech product imports

In 2005, the expenditure on China’s imported high-tech products amounted to $197,710,000,000, accounting for 30.0 percent of the total share, which is higher than the level in the same period of the previous year. In 2005 the expenditure on China’s imported high-tech products increased by 22.57 percent over the same period last year, but the growth rate dropped by 13 percentage points in 2004 as shown in Table 9.4. In 2005, China’s high-tech imported products came mainly from ASEAN, accounting for 19.7 percent of China’s total imported high-tech products, followed by Japan, Taiwan of China and South Korea, the accounts being respectively 15.4, 14.8, and 13.1 percent, while European Union and United States were respectively 9.5 percent and 8.1 percent. Th  is shows that the United States, 244 䡲 Theory of Science and Technology Transfer and Applications 

 

Table 9.4  Development Level of High-Tech Product Import (in: $ 1,000,000) along with Growth by Years

Growth                  Growth                  Growth 

Year    GJSJK     Rate     Year   GJSJK     Rate     Year    GJSJK      Rate

1991    9,439   100         1996   22,469   2.94        2001    64,107   22.09 

percent                  percent                  percent

1992   10,712   13.49       1997   23,893   6.34        2002    82,800   29.16 

percent                  percent                  percent

1993   15,909   48.52       1998   29,201   22.22       2003   119,300   44.08 

percent                  percent                  percent

1994   20,595   29.46       1999   37,598   28.76       2004   119,300   35.21 

percent                  percent                  percent

1995   21,827   5.98         2000   52,507   39.65       2005   197,710   22.57 

percent                  percent                  percent

Source: National Bureau of Statistics of China, Chinese Statistical Yearbook, 

(2005). China Statistical Press, Beijing, IO, 2006.

European Union, Japan, and other developed countries remain the most important consumer markets of Chinese high-tech products, while China’s import trade part-ners are developed widely. Meanwhile, the newly industrialized countries as well as the adjacent developing countries began to seize markets of China’s high-tech products with their more powerful and competitive advantages.

9.1.3.4  Foreign Economic Cooperation (DWJJHZ)

 1. Th  e content of external economic cooperation

In a narrow sense, the foreign economic cooperation (DWJJHZ) denotes con-tracted projects and labor services of Chinese enterprises in foreign countries after being approved by China’s relevant departments. In a broad sense, Chinese foreign economic cooperation includes external economic and technical aid; borrowing of foreign funds, foreign investment; foreign contracted projects, and labor coop-eration; foreign joint ventures or enterprises with Chinese ownership; foreign pro-duction technology contracts; multilateral cooperation with the United Nations Development System and other international organizations; economic and techno-logical aid from friendly countries.

 2. Th  e outline of Chinese economic cooperation and development

As can be seen in Table 9.5, from 1991 to 2004, the contracts of foreign eco-nomic cooperation have been increasing year after year. In 1991, the sale of foreign 
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economic cooperation contracts amounted to $3,609,000,000, whereas in 2004, it  amounted  to  $  27,698,000,000.  So  the  cumulative  growth  is  667.47  percent. In economic cooperation with foreign countries, foreign project contracting is the most important part, which accounts for more than 80 percent of the total con-tracts. In view of such a trend, a growing number of consulting services for design has been integrated into the foreign engineering contract projects.

9.1.3.5  High-Tech Exports (GJSCK)

GJSCK is used as the symbol of high-tech exports. In recent years, China has seized signifi cant opportunities in the new trend in global reconstruction and optimiza-tion of productive elements as well as transfers of productivity. At the same time, it actively implements the strategy of rejuvenation in science and education and pro-motes the rapid development of high-tech industry. High-tech industry has played an increasingly prominent role in promoting industrial restructure and development of foreign trade. China’s high-tech exports show the following characteristics.

First, the growth of high-tech exports has been increasing very fast. Since the 1990s, China’s high-tech exports have maintained a rapid growth momentum and the proportion of the exports has been rising. In 1991, the sale of Chinese high-tech product exports amounted to $ 2,877,000,000, whereas in 2005, the sale amounted to $ 218,250,000,000, an increase of 74.86 times, and the average annual growth rate was 36.93 percent, as seen in Table 9.6.

Second, high-tech product export competitiveness has gone up  gradually with gradual increases in the TSC index. China’s high-tech product export 

 

Table 9.6  Level of Development of High-Tech Exports (Unit: Million $) along with Growth by Year

Growth                   Growth                  Growth 

Year    GJSCK     Rate     Year   GJSCK     Rate     Year   GJSCK     Rate

1991    2,877              1996   12,663    25.49       2001   46,452    25.40 

percent percent

1992    3,996   38.89       1997    16,310    28.80       2002   67,900    46.17 

percent                   percent                  percent

1993    4,676   17.02       1998    20,251    24.16       2003   110,300   62.44 

percent                   percent                  percent

1994    6,342   35.63       1999    24,704    21.99       2004   165,400   49.95 

percent                   percent                  percent

1995   10,091    59.11       2000    37,043    49.95       2005   218,250   31.95 

percent                   percent                  percent

Source: National Bureau of Statistics of China, Chinese Statistical Yearbook, (2005). 

China Statistical Press, Beijing, IO, 2006.
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competitiveness can be measured by the TSC index, which refl ects the degree of intra-industry trade competitive advantage.

TSC index for the basic formula is shown as follows:

TSC = (Ei − Ii ) ( /Ei + Ii ) ∈ i (9.1)

where

TSCi is the trade specialization index for the product i

E and I represent export and imports for product i, respectively i i

Th  e closer the TSC is to 1, the stronger the international competitiveness is, while the closer the TSC is to −1, the weaker the international competitiveness is.

 

9.1.3.6  Technology Market Turnover

Technology market is an integral part of the socialistic market system. Th e devel-opment of technology market not only changes and enriches the commodity mar-ket economy and expands the production material market, but also speeds up the expansion of the fi nancial markets, labor market, information market, and markets of other factors. Technical achievement transfer functions primarily in the technol-ogy market, which builds a bridge to link research institutions and enterprises, bringing them close to each other. Th  e technology market is gradually changing from the exploitative market to the managerial market, which has recently become the main market for Science–Industry Trade and Science–Agriculture Trade. At the same time, the technology market promotes technological progress, while the enterprises absorb, assimilate a new technique in the domestic technology market, and carry out technological transformation, product development, and technology portfolio development, resulting in increase in its technical capacity. Enterprises have become the largest buyers in the technology market, and have gradually been playing a very active role in the market.

From 1992 to 2004, the turnover in China’s technology market increased year 

by year, and T is used to stand for the technology turnover. In 1992, the turnover of the Chinese technology market amounted to ¥ 14,218,300,000, while in 2004 it was ¥ 123,737,190,000; during a 13-year period the cumulative growth amounted to 770.27 percent, as shown in Table 9.7.

Over the past decade, China’s technology market has made a great eff ort in 

developing legislation, organization hierarchy, management, operating systems, and operating mechanisms, etc. Because the technology market has become an impor-tant  approach  to  transfer  of  technology  achievements,  the  relationship  between the technology market and the market of related factors is enhanced gradually. Technology market services are developing in a diversifi ed and comprehensive manner.
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9.1.3.7   Soft Technology Spillover in the Knowledge-Based 

Service Sector (Z)

 1. Th  e academic understanding of the concept of soft technology

It is generally agreed in the academic fi eld that soft technology is developed with soft science, but there are various interpretations of soft technology. Currently, Chinese scholars have certain views which can be generalized in four perspectives as follows:

a.  In the application of soft science

Hongxia refers to the application of soft science methods as “soft technology meth-ods,” such as the Delphi approach, brainstorming, Gordon Law, etc. Th e Xixing Men and other scholars use the relationship between soft technology and soft science to explain the meaning of soft technology. Tsang Tak-tsung considers the so-called soft technology as a scientifi c system about decision-making and a multidisciplinary group consisting of various subjects, such as management science, system science, scientifi c decision-making forecasts, and so on, which is also the product of general science, large-scale production, and general economic development.

b.  Understanding the dualism of soft technology

In dualism on technology, the technology will be divided into two elements; one is the hard element, whereas the other is the soft element. According to the technical material form, many scholars call the technology with the material form as hard technology, and the others are called soft technology. In the sense of technology, Yulin Liu and Jie Zhao put forward the concept of soft and hard technologies. Soft technology includes technology transfer, technology licensing, technology ser-vices, and technical advisory. Ning Shu regards the improvement of knowledge, the impact of policies and laws, etc. as soft technology progress, which is divided according to the hardness of technology and the progress of the materialized tech-nology as hard technology advances, such as variation in the quality of production elements, etc. Th  is view is based on the properties of the technical carrier to analyze soft technology. Technology with the material carrier is called hard technology and the other is called soft technology.

c.  Understanding the meaning of soft technology according to managerial 

techniques

In understanding the soft technology from the aspects of managerial techniques, there are controversial points of view. One holds that soft technology is equiva-lent to management and its techniques. For instance, Yongling Zhong, equates 250 䡲 Theory of Science and Technology Transfer and Applications 

 

the promotion of soft technology progress to raising the level of management in the perspective of technical progress. Xiangqian Zhang, in a discussion on the relationship between management and knowledge-based economy, deems soft technology as general managerial skills. Another view holds that soft technology includes soft managerial techniques. For example, Guohong Chen deems that the breakthrough in soft technology is primarily refl ected in the variation of organiza-tions, management, and decision-making skills in the analysis of the relationship between technological innovation, technology transfer, and progress. Th ere are other scholars, such as Yiquan Xing and so on, who claim that soft technology is merely managerial skills or a combination of organization, decision-making, and management.

d.  Understanding soft technology from a broader perspective

Domestic scholars, like Zhengying Zhou, interpret soft technology in a broader sense. Zhengying Zhou uses Plato’s understanding of technology as the origin of the  theory  of  analysis  of  soft  technology.  He  reckons  that  soft  technology  is  an intelligence technology, innovated in the domain of people, human behavior, and human society. Soft technology is founded or summarized as a principle in eco-nomic, social, and cultural activities and comprises a system of rules, regulations, mechanisms, methods, and procedures to solve problems on the basis of improve-ment, adaptation, and control in the objective and subjective world.

Apart from these four perspectives in understanding the concept of soft tech-nology, there are some other scholars who put forward other views. For instance, Yanlai Chen equates technology with experience, ability, and consciousness; Zhengrong She and Yunfei Zhang consider soft technology as equal to technology of ecological environmental protection. Consequently, there are great diff erences in the understanding of the concept of soft technology.

 2. Th  e connotation as a knowledge-based service industry

Z stands for the soft technology spillover in the knowledge-based service. With regard to knowledge-based service, diff erent scholars have diff erent  defi nitions. Miles (1995) defi ned the knowledge-based services as enterprises and organizations, which depend on professional knowledge and provide knowledge-based intermedi-ary products and services. Hauknes (1996) thinks that knowledge-based service industries are technology-intensive and information-oriented service industries. From the study, it is clear that the knowledge-based service industry comprises general enterprises that provide knowledge-based services, like legal services, man-agement consulting services, accounting services, fi nancial services, computer and information services, and engineering design services. Some scholars believe that the knowledge-based service industries are knowledge-intensive industries engaged in the proliferation of knowledge, achievements transfer, technology assessment, 
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technology transfer, investment and fi nancing services, information consulting, management consulting, and training, etc.

 3. Th  e role of knowledge-based service industry in China’s economy

Th  e knowledge-based service industry is the source of knowledge and the transfer node of the knowledge-based innovation system, which aff ects the performance in the innovation system primarily through the development of new technologies, promoting the fl ow of knowledge, changing the way of innovation, and enhancing the portfolio of innovations.

First, knowledge-based service industry promotes the development of new tech-

niques. Th  ere is a positive feedback relationship between new technologies and services. New techniques expand the range of knowledge-based services, while new services promote the technology through research, design, and engineering. Th e emergence of biotechnology, new materials, environmental protection technology, and ICT technology expands the knowledge-based service sector and promotes its innovation, and in turn the innovation and service sector of knowledge-based ser-vices accelerate these new techniques and experimental production.

Second, the knowledge-based service industry promotes the fl ow of knowledge, 

that is, the fl ow of “soft” technology. Th  e competition advantage is closely related to innovation network and the location of the resource of knowledge. Th e knowledge-based service industry increases the adaptability of the enterprises, promotes the fl ow of personnel, and provides the concepts of knowledge, information, and man-agement as well as technological innovation of customers through complementary expertise. Th  e knowledge-based service industry transfers innovative ideas to cus-tomers and improves the innovation to meet diff erent demands, which promotes the fl ow of the knowledge among diff erent customers. Th  e impact of knowledge-based innovation on the services sector depends on the eff ective service, the closer and the more durable knowledge-based service industry connections with custom-ers, the more likely the organizational and technical skills will combine with the users’ innovation strategy and the greater the impact of innovation on customers.

Th  ird, the knowledge-based service industry changes the way of innovation. 

Antonelli, who studied the interactive relationship between users and the knowl-edge-based service industry, found that the vertical structure of knowledge, estab-lished on the basis of laboratory research after the war, had been replaced by the interaction of the market in reality, online users, and producers of knowledge. Th e knowledge-based service industry transfers knowledge within innovation networks and among innovation networks, which have become important nodes of knowl-edge fl ow in the innovation network. ICT technology has changed the traditional fl ow  of  knowledge,  promoting  business  organizations  to  change  from  the  tradi-tional pyramid structure to the fl at and fl exible organizational structure, which is an important basis for absorption of knowledge, expanding the time and space of the knowledge-based service industry.
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Finally, the knowledge-based service industry strengthens the combination of inno-vation. Eff ective technological innovation must be accompanied by market inno-vation, staff  development, and organizational innovation. Knowledge-intensive service industries will not only have an impact on innovation in technology but also on the interaction with organizations of customers, relationship, and market.

 4. Th  e selections of the typical knowledge-based service industry

In November 2003, the National Bureau of Statistics began to reform the caliber of statistical data collection and analysis. Th  e main elements of the reform are to establish statistics in the knowledge-based service industry, which did not exist before. From the current China Statistical Yearbook in the classifi cation of the ter-tiary industry, the following four sectors are chosen on behalf of China’s knowl-edge-based service industry: telecommunications, real estate, scientifi c  research and comprehensive services, and educational media.

5. Spillover of soft technology in the typical knowledge-based service sectors

Zhengying Zhou said not only is technology in the traditional sense classifi ed as part of the soft technology, but also the operational part of social science and nonscien-tifi c knowledge, which was separated into soft areas of technology and operational knowledge, never before considered as techniques, also belong to soft technology. In his opinion, service is a process technology and belongs to the category of soft technology.

Based on the analysis of the connotation of a knowledge-based service industry from above, it is evident that knowledge-based service industry belongs to the category of soft technology, resulting in the spillover of soft technology from the industry, which provides knowledge-based services, accordingly leading to soft technology transfer.

Th e communication industry provides the customers with a full range of innovative products to meet their demands, services, and solutions and enables  customers to obtain problem-solving abilities through the delivery in this kind of service, where the aim is to achieve the fl ow of soft technology from communica-tion industry to customers.

As diff erent from the architecture industry, which belongs to the second type, real estate is regarded as a service industry. Real estate is an integrated industry engaged in design, planning, consulting management, marketing management and service. Th  ese comprehensive services transfer among companies and from companies to individuals, making real estate services a means of the soft technology transfer.

Scientifi c research industry and comprehensive technical service industry are, in the national economy, two major categories according to the “code of the national economy and industry.” Th e scientifi c research industry can be divided into natural sciences, social sciences, and other scientifi c research, and the integrated technical service industry can be divided into services for technical promotion and scientifi c 
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communication, engineering design industry, and other integrated technical ser-vice sectors. Scientifi c research and comprehensive technical service can achieve the fl ow of soft technology through the publication of scientifi c research achievements and comprehensive technical services.

Educational media industry provides services and also transfers innovative 

ideas to customers, and alters these innovations to meet the demands of diff erent customers, promoting the knowledge of technology in the fl ow of soft technology among diff erent customers. Th  e closer and the more durable the knowledge-based service industry’s connections with customers, the higher the possibility that the organizational and technical skills will combine with the customers’ innovation strategies, resulting in a greater impact.

 6. Th  e measurement of spillover in soft technology in the typical knowledge-

based service sectors

Th  e spillover eff ects of the soft technology are very obvious in a typical knowl-edge-based technology. Th  e development of the knowledge-based service eff ectively accelerates soft technology transfer, helping the progress of China’s technology.

Here we choose the four sectors of the knowledge-based service industry in 

China, and use the added value of these four sectors as the measurement of the level of soft technology spillover, which is brought into the indicator system of the Chinese technology transfer measurement.

Table 9.8 represents the value-added data in the knowledge-based service 

 industry. As an important carrier of technology transfer, the continual development 

Table 9.8  Added Value in Knowledge-Based Services (Unit: Billion ¥)

Growth                   Growth                  Growth 

Year      Z       Rate     Year      Z        Rate     Year     Z       Rate

1992   1387.6      —      1997   4373.7   17.98       2002   8705.5   13.59 

percent percent

1993   1802.1   29.87       1998    4982.4    13.92       2003   9889.7   13.60 

percent                   percent                  percent

1994   2542.9   41.11       1999    5585.2    12.10 

percent                   percent

1995   3136.9   23.36       2000    6703     20.01 

percent                   percent

1996   3707.3   18.18       2001    7664.2    14.34 

percent                   percent

Source:   National Bureau of Statistics of China, Chinese Statistical Yearbook, 

(2005). China Statistical Press, Beijing, IO, 2006.
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of knowledge-based service sectors indicates that increasingly more attention is paid to soft technology. As soft technology spreads out with the steady development of the knowledge-based service industry, the knowledge-based service industry has become an important medium of soft technology transfer.

 

9.1.4  Chinese Technology Transfer Degrees

 1. Defi nition of degrees of technology transfer in China

Based on the Chinese technology transfer system over the target, an indicator called the degree of technology transfer is defi ned, which refl ects the general level of technology transfer in China. Th e defi nition is shown as follows:

 

MTF T + + Z FDI + JSYJ GJSJK + + DWJJHZ GJSCK + (9.2)  =  GDP

MTF, T, Z, FDI, JSYJ, GJSJK, DWJJHZ, DWJJHZ, GJSCK, and gross domes-tic product (GDP) respectively stand for China’s technology transfer degrees, the Chinese technology market transactions, the amount of value-added knowledge-based services, FDI, the introduction of foreign technology, high-tech imports, foreign economic cooperation, high-tech exports, and China’s gross domestic product.

  2. Chinese technology transfer calculations

 a. Th  e process of data

Prior to calculating China’s technology transfer degrees, these indicators of the Chinese technology transfer are converted with the average annual exchange rate of RMB against the U.S. dollar, seen in Table 9.9; and the data are amended to eliminate the eff ect of price. Th  e price-amending indexes here are CPI, seen in Table 9.10.

Table 9.9  Average Annual Exchange Rate Under the Price of RMB against the U.S. Dollars in Indirect Method

Year     1992     1993     1994     1995     1996     1997     1998

X     551.46   576.20   861.87   835.10   831.42    828.98    827.91

Year   1999     2000     2001     2002     2003     2004

X     827.83   827.84   827.70   827.70   827.70    827.68

Source: National Bureau of Statistics of China, Chinese Statistical 

Yearbook, (2005). China Statistical Press, Beijing, IO, 2006.

Note: X stands for exchange rate.
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Table 9.10  CPI Index (Chain Index) from 1992 to 2007

Year     CPI    Year     CPI    Year     CPI     Year    CPI

1992   106.4    1996    108.3    2000    100.4    2004   103.9

1993   114.7    1997    102.8    2001    100.7    2005   101.8

1994   124.1    1998      99.2    2002      99.2    2006   101.5

1995   117.1    1999      98.6    2003    101.2    2007   104.8

Table 9.11  The Degree of Technology Transfer in China from 1992 to 2004

Year    1992    1993    1994    1995    1996    1997

MTF 0.198   0.219   0.253   0.249    0.201   0.212

Year   1998    1999    2000    2001    2002    2003

MTF 0.264   0.265   0.237   0.246    0.338   0.368
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Figure 9.1  Line chart on the degree of China’s technology transfer from 1992 to 2004.

 

 b. Th  e degree of technology transfer measurement

According to Formula 9.2 of China’s measurement of the degree in technology transfer, the degree of technology transfer in China during the period 1992–2003 is shown in Table 9.11.

To refl ect more directly on the development and changes in the degree of tech-

nology transfer, the line chart of technology transfer degree can be described as in Figure 9.1. As can be seen from the chart, China’s technology transfer degree 256 䡲 Theory of Science and Technology Transfer and Applications 

 

shows a rising trend of fl uctuation in the process. Th  e degree of technology transfer declines in 1996, 1999, 2000, 2003, and 2004, but the degree of transfer in other years shows a rising trend.

 

9.2  Empirical Analyses in Technology Transfer 

and Economic Growth in China

9.2.1  Technology Transfer and Economic Growth Theory

Adam Smith was the fi rst man to fi nd an expression for the impact of technology progress on economic growth in microeconomics. In his Th e Wealth of Nations he adopted the method of element analysis on economic growth and pointed out that labor, capital, and plot scale decide the total output of a nation and are essential ele-ments for economic growth. He indicates that any annual yields of land and labor only increase in two ways, namely, improving eff ective productivity employed and increasing eff ective employment in societies. Th  e improvement on eff ective produc-tivity depends on the improvement of the ability of workers as well as their use of machines, all of which are related to technological advances. Smith had realized that technological progress is the potentially profound one besides the three basic elements in economic growth.

Schumpeter in his Economic Development Th eory published in 1912 put for-ward the idea that rather than capital and labor, it is the technological innovation that is the main source of capitalistic economic growth. Schumpeter held that the capitalistic economic development is a process of dynamic balance which is highly aff ected by technology innovations. Furthermore, he stressed that as an exogenous economic variable, technology has a huge impact on economic growth. In his point of view, because of the motivation of reaping excessive profi ts, enterprises attach great importance to research and development activities. As technological prog-ress and development of enterprises show a positive correlation, companies cannot develop without innovation.

Technological determinism scholars in the neoclassical theory of economic growth argue that technological progress is a major source of economic growth. U.S. economist R. Solow initially recognized that technological innovation is the main source of economic growth. He classifi ed economic growth as from two dif-ferent sources: one is the “growth eff ects” due to the increase in number of factors and the other is the economic growth of “level eff ect” due to improvement on the level of factors. Th  e latter means that without increasing investment, technological progress can change the production function by moving upward without input of elements and consequently achieve the goal of economic growth.

Scholars with the new growth theory claim that technology plays a unique role in economic growth. Since the globalization in economy speeds up the transfer of 
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technology in the world, Agawa illustrated the relationship between economic and technology transfer by analyzing the shift of the economic growth centre in the world, as shown in Table 9.12.

Owing to the global fl ow of technology the birthplace of techniques or indus-

tries are often unable to maintain its surplus at the end. From the table above, it is clear that the history of the world’s technology transfer can be described on the follows lines: the Middle East—Southern Europe—Northern Europe—Britain— the Eastern United States—the United States and the Western Pacifi c region. At the same time, the global economic growth center of location is not far behind the birthplace of the technology industry.

In the Economics literature, the North–South trade in the technology transfer, 

imitation, innovation of the national economic development, and opening up has long been the main components of economic research.

Since the 1980s, Krugman who represented a group of economists created the 

“new trade theory” and the rapidly developed “product cycle theory” opening a new path for the study of technology transfer. Th  e research on the product life cycle 

 

Table 9.12  Economic Growth Center in the World

Geographical Center Geographical Centers of Economic Surplus Each Time

Region of 

Technology/Industry    Birthplace    Economic Surplus          Time

Sailing                   Middle East    South Europe        From mid 

thirteenth to mid 

sixteenth century

Trade and banking      South         North Europe       From mid 

Europe sixteenth to mid 

eighteenth 

century

Management and      North         Great Britain        From mid 

control                 Europe                           eighteenth to 

mid nineteenth 

century

Industrial revolution    Britain         East United States    From early 

twentieth to late 

twentieth century

Information             East United    The west and         From the end of 

revolution              States.         pacifi c region of      twentieth century 

United States.        to twenty fi rst 
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by Vernon is a pioneer theory of the North–South trade and technology transfer. Krugman developed the proposition suggested by Vernon, the proposition became an offi  cial and general equilibrium model.

R. van Elkan (1996) established the general equilibrium model of technology transfer, imitation, and innovation under the condition of the open economy. In his view, the South and the North’s economic development is convergent, that is countries with less developed economies can imitate, bring in, and innovate technology to achieve the economic catch up. Th  e assumption that all countries’ stock of human capital can be upgraded eff ectively through technology transfer, imitation, and innovation, of which the increase in potential productivity effi  -ciency brought about by technology imitation depends on the technical diff erences between two countries. And the eff ectiveness of technology innovation depends on the accumulation of experience in “learning by doing.” Th  rough the eff ect of technology transfer and diff usion, any country’s technology investments are likely to  increase  the  domestic  economy  and  income  levels,  as  well  as  those  in  other countries.

Barro and Sala-I-Martin (1997) promoted low-cost imitation models, and demonstrated the economic systems that can be derived from the convergence of the nature of economic growth. Th  e theory assumes that technology in diff erent economic systems can diff use, because the cost of copying is less than the cost of innovation. And those who follow economic growth will be faster than the technol-ogy leader, and the leader in technology and those who follow economic growth will at be the same rate of growth in the end-time state. Neoclassical growth theory predicted the convergence of global economic growth and that it will bring inter-national technology transfer to less developed countries, developing countries the opportunity to catch up. Th  rough their faster accumulation of capital and intro-duce advanced technology from developed countries, they can continue to narrow the gap between them and the developed countries.

In China’s Center for Economic Research, Lin Yifu, in the view that if in a developing country the government’s development strategy deviated from the opti-mal choice of technology, it will have an impact on the country’s economic growth rate. It will impact the outcome whether the country’s economic growth and that of the developed countries is able to converge to the income level or not. Fu Qiang, who discussed the impact of industrial structure and technology transfer on the economic growth model, pointed out that if FDI is accompanied by technology transfer and service, it may delay the introduction of technology in the country’s economic growth. In addition, more Chinese scholars analyze the combination of multinational investment in China to conduct the technology transfer to China to productivity related industries, technology research, development capabilities, labor employment, and so on. Wu Lin (2002) investigates Suzhou, Wuxi, Changzhou, three-level science and technology park, and analyzes the role of transnational cor-porations in China’s strategy for technology transfer and science and that of the technology park on the spillover eff ects.
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9.2.2 Demonstration Test

1. Granger causality test model (the part: Liupu Li master’s thesis)

 a. Th  e stationarity test of time series

To test the Granger causality of the technology transfer and economic growth, the general practice, based on a sample of the existing data, is to establish the more appropriate regression equation. In the traditional regression analysis, the time series requires to be stable, or there will be “Spurious Regression.” However, in reality, the economic time series are often nonsteady, which destroys the assump-tion of the steady destruction. To make the return meaningful, time series need to be steady, and the common practice is to put diff erence into time series, and then use the diff erence sequence to return.

In general, if the average and variance of the time series maintain a constant 

mean and variance at any time, the covariance (or self-covariance) between the two periods t and t + k only depends on the distance k between the two periods, nothing to do with the actual period of the calculation of these covariance, then the time series is steady. Otherwise, as long as it does not fully meet the three conditions, the time series is unsteady.

Unit root is a method for the nonstationary series. Unit root method will make 

the test of nonstationary series into the test of the unit root. If the variable xi has unit root, the process of testing the stability of the variables is called the unit root test. If the variables have a steady process, it is expressed as I(0); if it becomes a steady process after the fi rst diff erence, it is known as the unit root process, which is expressed as I(1). We use the augmented Dickey–Fuller (ADF) unit root test to test, and the test regression equation is as follows:

 

Δ = α + α + α      k xt      0      1t      2xt−1 + α Δ ∑ 3i     t i − x + μt (9.3)

i=1

where

a stands for the constant 0

t stands for the time trend

m stands for the residual item t

Th  e original hypothesis is H : a    0, and the alternative hypothesis is H : a 0 1 =    0. 1 1 < According to the value of the t test of the coeffi  cient a , in the regression equa-1 tion, if the test t value is less than the critical value of the distribution of ADF, the original assumption is rejected and the alternative hypothesis accepted, which indi-cates that the sequence {x } is a steady process. If the test t value is greater than the t

threshold, the original assumption that the sequence unit root exists is accepted. To make the residual diff erence m become the white noise, the equation is added to t

seven of the lagged variables.
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b.  Granger causality test

Generally speaking, to carry out the Granger causality test, the time series must be proved steady only through the unit root test. In the regression analysis, regres-sion can measure the link between the variables, but it cannot prove cause and eff ect. Identifying the cause and eff ect is an important issue in the study which is based on the test. Th  e basic idea of the causality test brought forward by Sim and Granger is as follows. If the variables X contribute to the forecast variables Y, that is, the reunifi cation of Y is carried out according to the Y value in the past. If coupled with the X value in the past, which can signifi cantly enhance the explana-tion ability of regression, X is a Granger cause of Y, others are called the causes of non-Granger. Th  e course of the Granger causality test between variables X and Y is as follows:

 

yt = α + α n             n 0         i t i − y ∑ + β ∑i t i − x + μt (9.4)

i =1              i=1

 

a is constant, lag phase n is the arbitrary choice, testing X is not quite the Granger 0

causes of Y is equal to the test of F of the statistical original assumptions H : b 01 = b2 = … = b  stands for the regression of the residual sum of squares, and  n  =  0.  RSS  1

RSS 0 stands for the sum of residual regression squares. When the original assump-tions come into existence, the test statistic is as follows:

 

F = (RSS − RSS n ) / 0 1 (9.5)  RSS N  1  /  (  −  2  n  −  1  )

 

N is the sample size. F is the test statistic subordinate to the standard F distribu-tion, if the F test value is greater than the threshold of the standard F distribution, the original assumption is rejected, which shows the change in X is the Granger reasons of Y, otherwise accept the original assumption that the change in X is not the Granger reasons of Y. By the same token, if the location of X is exchanged with Y in the regression equation, Y can be used to determine whether it is the Granger reason of X.

 2. Demonstration analysis

 a. Th  e steady test of time series

According to Table 9.13, the unit root test of MTF shows that the ADF statistics is minus 4.477163, less than 5 percent of the signifi cant level of the critical value minus 3.9948, so the original assumption is rejected. MTF has no unit root, that is, the MTF is a steady variable.
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Table 9.13  Test Table for the Stationarity in the Degree of Technology Transfer

ADF test statistic    −4.477163    1 percent critical value     −5.2735

5 percent critical value     −3.9948

10 percent critical value    −3.4455

 

Table 9.14  The Stationarity Test Table of GDP Growth Rate

ADF test statistic    −2.634784    1 percent critical value     −4.2207

5 percent critical value     −3.1801

10 percent critical value    −2.5349

 

Table 9.15  Technology Transfer and Economic Growth Causality Test Table

Null Hypothesis:                     Observations   F-Statistic   Probability

MTF does not Granger cause GDP        11         2.72866      0.09117

GDP does not Granger cause MTF                   3.61062      0.04394

 

According to Table 9.14, GDP growth rate of the unit root test shows that the 

ADF statistics is minus 2.635, less than 10 percent of the signifi cant level of the critical value minus 2.535, so the original assumption is rejected. It means that the GDP growth rate variable has no unit root, that is, GDP growth rate is a steady variable.

In a word, through unit root test, the degree of technology transfer and GDP 

growth rate are the steady variables, so spurious regressions do not exist when the causality between the degree of technology transfer and the GDP growth rate is analyzed. Hence, the causality between the degree of technology transfer and eco-nomic growth analysis is analyzed.

b.  Analysis of causality in the degree of technology transfer and economic 

growth

Statistical data Eviews 5.0 software is used to analyze causality between the degree of technology transfer and economic growth data. After testing, at the signifi cance level of 5 percent, GDP growth is the Granger cause of the degree of technology transfer growth; at the signifi cant  level  of  10  percent,  the  degree  of  technology transfer is also the Granger cause of GDP growth, which are seen in Table 9.15. As a result, we can say that at the 10 percent level of signifi cance, there is a  two-way 262 䡲 Theory of Science and Technology Transfer and Applications 

 

causal relationship between Chinese technology transfer degree and economic growth. Th e technology transfer promotes economic growth, while economic growth has also brought about technology transfer.

 

9.3  Technology Spillover Effects of FDI and Its 

Relationship with the Growth of Chinese Economy

China attracts the most FDIs among developing countries; the main purpose is to introduce the advanced technology of the foreigners and impose the advanced tech-nology to fl ow into the country, with the dominant aim to supplement the fund. Th  e direct investment of foreigners has already become one of the most important ways to introduce the advanced technology from those nations.

 

9.3.1  Characteristics of FDI Introduced by China

Under the surrounding downcast world economic scene and the decreasing invest-ment of transnational corporations, China has continued to keep a high level in attracting the direct investment of foreigners and the use of foreign funds has been the top among the developing countries and areas for 12 years now.

China had the highest FDI among developing countries in 1993 and the indus-tries department was the top in all the branches, and even exceeded USA to become the No. 1 in 2002. From the data of the Statistics Bureau of China, the number of contracts that use the investment of foreigners has reached 43,664, which increased by 6.3 percent compared to 41,081 of the last year and only 34,171 in 2002. Th e funds invested by the foreigners in contracts has increased rapidly to $1,534.79 hundred million which is an increase of 33.38 percent compared to 2003 and the actual use of foreign investment is $606.30 hundred million, increased by 13.32 percent. Th  e introduction of foreign investment has been kept at a perfect level in China. By 2005, China had already sanctioned 508,941 projects with invest-ment by foreigners, the fund with investment by foreigners in contracts had reached 10,966.09 hundred million, foreign investment of 5621.05 hundred million was actually used.

Th  e entry of foreign investment has directly injected capital into the economy of China, which ensures forcefully to the increase of economical output; on the other hand, the way China has introduced the investment can give an increase to citizen welfare (mainly in the benefi t of outfl ow of technology), besides the scope of economic development. It can give a strongly dynamic push to the economic level by connotation.

Th  e situation created by direct investment of foreign businesses in China has the following characteristics:
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1.  Its scale has increased at a steady pace. From 1985, the fund introduced in the 

foreign country has improved without decrease has only seen some fl uctua-

tion in the speed between the years.

  2. It has the domain position in the economics of China, which is diff erent 

compared to many developing countries in this aspect. Th  e way the foreign 

fund is used is mainly in introducing direct foreign investment, and the pro-

portion of foreign investment is increasing continuously. In 1985, the actual 

total use of foreign investment in China was $47.60 hundred million, the 

directly investment of the foreign business was $19.56 hundred million and 

accounted for 41.09 percent of the total investment. In 2004, this proportion 

has increased to 75.40 percent.

  3. It is distributed extensively in real estate and spares in China and industries 

that concentrate on spares attract a lot of investment and the east area is the 

main place that has foreign investment. After a long period of reform and the 

opening up policy, the foreign investment commenced in the south eastern 

coastal provinces, but in recent years the foreign business has moved to the 

middle and west at a high speed. From the areas the foreign businesses invest 

in, it is clear, that at the beginning of the reform and opening up policy, it 

focused on the machine labor-concentrated industries, then the investments 

went into the fund-concentrated industries; the large scale of investment in 

the car industry is an apparent example.

  4. Its inner quality takes on a step by step increasing tendency, which is evident 

from two aspects: fi rst, there are more and more transnational corporations, 

such as the top 500 companies in the world, that chose to invest in China this 

year, an obviously contrast to the beginning of the reform and open policy, 

when only small and middle companies invested in China; second, the trans-

national corporations have carried out their research and action into China. 

Th  e expenditure of R&D action of FDI businesses has increased rapidly.

 

9.3.2  Analysis of the Technology Spillover Effects in FDI

According to the literature, FDI fl ows into the host country result in the realization of the following eff ects.

 1. Demonstration–imitation eff ect

Demonstration–imitation eff ect is the contagion eff ect discussed by Kokko. Th at is, because of the technology gap between the FDI enterprises and enterprises of the host country, the host country enterprises may learn to imitate their behav-ior to improve their productivity and skills. Foreign-funded enterprises will not only introduce new equipment, new products, or new processing methods into the domestic market, but also bring into the product selection, marketing strategy, 264 䡲 Theory of Science and Technology Transfer and Applications 

 

management philosophy, and other nonphysical and chemical techniques. In some cases, domestic fi rms can improve their productivity only through observing and learning from the nearby foreign-funded companies.

A questionnaire survey made by Stephen Young and Ping Lan, the Chinese managers of the Dalian joint venture enterprise, showed that 26 percent of people felt that high-level access to the technology was achieved by this (which may help shorten the technology gap by more than ten years), and 48 percent felt a mid-level in technology transfer was achieved.

 2. Competitive eff ects

Th  e competitive eff ect often occurs between vendors in an industry. Th e eff ects of competition are twofold—on the one hand, they encourage scrabbling by the  foreign-funded enterprises and enterprises of the host country for the limited resources of the market, which increases competition in the market and stimulates more effi  cient use of existing resources by local manufacturers to promote local technological effi  ciency; on the other hand, they raise the level of social welfare, because the foreign-funded enterprises forcing their way into the industry against strong industry barriers, eliminates monopolies to a certain extent.

Wang and Blomstrom built the game’s basic business model based on the trans-national corporations and the local subsidiaries to prove that competition promoted the local enterprise technology progress, and narrowed the technology gap between the two, and the transnational companies were forced to introduce or develop new technology to maintain their comparative advantage in technology, which also led to a new round of technology spillover.

 3. Contact eff ect

Contact eff ect is seen as the fl ow links in industrial technology, where foreign-invested enterprises communicate with the local business contacts or customers, including the backward link to the upper reaches of enterprise suppliers and the forward link to the lower reaches of enterprises such as the vendors. Yifu Lin, Xinqiao Ping, and Dayong Yang completed a case study which illustrates the eff ect of foreign capital industry contact. Th  ey calculated the impact of the Coca-Cola enterprise on the overall Chinese economy. Th  e production in China of the Coca-Cola cans not only brought benefi ts to the production workers directly, but also aff ected the lower reaches of the sales and increased the fi nal demand, showing that all direct and indirect eff ects need to be taken into account. Th  ey calculated the overall eff ect through the Chinese “input–output table” in 1992. Research shows that the Chinese economic output multiplier was impacted about 2.66 times by the Coca-Cola canning enterprise in 1998, and its upstream and downstream eco-nomic activity have created about 400,000 jobs.
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W. Mark Fruin and Penelope Prime (1999) compared the United States-funded 

enterprises with the Japanese-funded enterprises in the Chinese competitive strat-egy, and pointed out that Japanese-funded enterprises required a high level of operational effi  ciency, and focused on the supply of training and quality control of products. For example, suppliers improve product quality and promote innova-tive activities for technical assistance and provide information services, as well as organizational management training and help. All these are constitute the contact eff ect leading to the spillover eff ect.

 4. Training eff ect

Th  e experience of developed countries confi rms that foreign capital has a competi-tive advantage that cannot be divorced from its human resources and is fully mate-rialized in equipment and technology. As a result, the eff ective functioning of the transnational companies’ overseas investment projects often go hand in hand with local human resource development. Th  is involves the local technical and manage-ment staff  working with the experts from the headquarters of the transnational companies, training of the local personnel, participation of the local personnel in the research and development activities for the technology, product, and process improvements, and senior managers learning and taking part in the process of the multinational companies and so on.

In the Hong Kong technology transfer study, Chen found that the aff ected areas 

and expenditure of the transnational corporations times those of the local busi-nesses in the three quarters of the sample enterprises. He concluded that the largest contribution of foreign enterprises did not lie in the so-called new techniques and products, but in the training of workers at all levels in the Hong Kong manufactur-ing sector. When employees of a subsidiary of a transnational corporation move to local companies or resign to create their own businesses, the skills and experience learned when they were employed with the foreign enterprise are transferred to the new enterprise or business. Th  is is an example of the FDI training eff ect leading to technology spillover caused by the loss of human capital in the foreign enterprise.

 5. Aggregation eff ect

Aggregation eff ect usually refers to the positive external economic eff ects resulting from a number of specifi c economic activities. Th  ere has been a lot of research on the aggregation eff ect in China and abroad, but analysis of FDI technology transfer is not much. In fact, phenomenon, such as concentration of FDI in cities, in the same industry or space, or in the same country in one location can be found every-where in developing countries and the aggregation eff ect plays an important role in the process of FDI for the spillover in the host country.

A large number of studies have shown that accumulation economy impacts pos-

itively on the locations where foreign economic manufacturing plants are located. 266 䡲 Theory of Science and Technology Transfer and Applications 

 

Th  e accumulation economy is refl ected not only on the level of city economies, but also on that of industries. A large number of related businesses gather together in a region, which can save production costs, expand production and consumption demand, is conducive to competition and collaboration, and improvement in the management and work performance.

Feng Wu, referring to the choice of location in specifi c countries from the point of view of FDI, pointed out that the gathering eff ect of FDI is an impor-tant  factor  in  site  selection,  and  that  the  fractionized  aggregation  eff ect  can, on a theoretical level analysis, be carried into fi ve-level  eff ects.  Th e fi ve-level eff ects are the gathering eff ects of urbanization, of specifi c industries, of for-eign investment, of particular investment in a country or region, and of specifi c companies. From the host country’s point of view, the gathering of FDI means more spillover. First, it will inevitably lead to competition and promote technol-ogy innovation, the concentration itself makes for the diff usion and spreading of the innovation and the advantages of technology and the market brought about by innovation further promotes the investment of companies in produc-tion, which constitutes investment in R&D. Second, the mutual competition or cooperation of the small and medium enterprises forms the dynamic enterprise network, producing an external economy; therefore the small and medium enter-prises can absorb the advanced technology transferred by the parent  company of transnational companies. Once the host country enterprises participate in this network, they also enjoy the specialized division of labor, resource sharing, transaction costs saving, the close link of input and output between manufactur-ers, and other benefi ts.

 

9.3.3  Empirical Test of FDI Technology Spillover Effects

An analysis of FDI technology spillover eff ects, raises the question whether FDI in China has all the aspects of the technology spillover eff ects, or has brought eco-nomic effi  ciency of the future. Th  e country’s total annual data can be used to test the Chinese FDI technology spillover eff ects by selecting the appropriate model.

 1. Spillover model

 a. Th  e choice of variables interpreted

Th  e variable best suited to refl ect Chinese technology progress indicators is used. Despite a number of measures of economic growth of technical factors, the ideal way is to get a specifi c form of the production function, add elements that aff ect the independence of the problem, and so determine the total factor productivity index which will indicate the technology progress from the C–D function. Determination of total factor productivity index with specifi c methods is as follows: Assuming C–D function is as follows:
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Y =   α   1−α AL K                         (9.6)

where

A stands for the technology level

L stands for the labor inputs

K stands for the capital

Y stands for the total output level

a stands for the output fl exibility of the labor output

1 − a stands for the output fl exibility of capital

the rate of technology progress can be expressed as

 

A A t / =   Yt          Y0 / 0            −α α 1      α   1−α                           (9.7)

L K t t     L K 00

As a result, the total factor productivity index is defi ned as

 

F            Yt          Y0               Y Y t /0 = / = t A A t 0 / =               (9.8) α 1 −α α 1 −α / α / 1 −α L K t t L K 0 0 ( L L t 0 ) ( K K t 0 )

 b. Th  e explanatory variables and the model choice

FDI and R&D investment are chosen to explain variables, and the model adopted is as follows:

LnF t = + a bLnFDIt + cLnR&Dt + εt (9.9)

LnF t = + a bLnFDIt + b−1LnFDIt−1 + cLnR&Dt + c−1LnR&Dt −1 + εt (9.10)

Th  e main diff erence between models (9.10) and (9.9) is in the lag phase of FDI technology spillover eff ect on the Chinese technology progress, which is the eff ect of the total factor productivity.

c.  Model target and data specifi cation

First, it should be noted that China has statistical data on R&D expenditure from the beginning of 1995, and prior to 1995 there is no related data. So, R&D expen-diture  will  not  be  included  in  the  test  model.  To  solve  this  problem,  the  R&D expenditure data trend curve was observed and it was found that the distribution is an exponential distribution, so an index function was constructed to forecast the R&D expenditure data from 1990 to 1994, and the data can be seen in Table 9.17. 268 䡲 Theory of Science and Technology Transfer and Applications 

 

From its contribution to the output, R&D expenditures on output will certainly confi rm the existence of a long period of lagging behind, because their R&D activi-ties have the characteristics of a longer cycle and their technology achievements transfer into actual use of capital and skills only after a period of time. Model 9.10 is more reasonable in the theory behind the introduction of R&D, but the actual test is also needed.

Models (9.10) and (9.9) do not include the eff ect of quality human capital on total factor productivity. In fact, if the models (9.10) and (9.9) include the use of human capital factors, they can refl ect more accurately the total factor productiv-ity, and measure the FDI spillover eff ects accurately. However, it is diffi  cult to use this model to test empirically, primarily because data comparison on labor quality is diffi  cult to obtain.

In Formula 9.8 of the total factor productivity index calculation, the deter-mination of capital K has been very controversial in the academic community; some scholars suggest using capital stock, others suggest using capital fl ows. After analysis, it seems more appropriate for capital stock data to represent capital K. Th e current output Y in the production function is not only the result of the current capital input K and the labor force element L, but also has a close relation to the pre-liminary capital investment. It can be said that capital formation together with the original capital deposit contributes to the output of each later period, so the capital of the production function adopted as the current fi xed capital would be wrong and capital stock data would be more appropriate to represent capital K.

In the Statistical Yearbook of China, capital stock data cannot be found. Generally, the academic community adopts the so-called perpetual inventory to determine the capital stock data. Th  ese general steps are as follows: fi rst, through the census or according to some estimates, the calculation of the capital stock of the whole society during a base period is assumed; and then according to the principle of the capital stock increasing in the previous year and the incremental capital of the current year equivalent to the capital stock deposit of the current year, capital stock deposit data of the calendar year is estimated, and then the constant prices of the calendar year are amended according to the constant prices in 1990. Th e specifi c data is seen in Table 9.16.

In this chapter, employment is in place of labor input L at the end of the Chinese calendar year; assuming that there is no qualitative diff erence in the labor force between individual Chinese workers. Th e diff erence in the labor force between individual workers is refl ected by the input elements of the progress of science and technology, because the improvement in the quality of workers is the result of the technological and scientifi c progress. Th  e labor data is given in Table 9.16.

Th  e National Development and Reform Commission suggested that the output of the proposed funding fl exibility was 0.35, and that for fl exibility in labor out-put was 0.65 estimating the contribution rate of science and technology industry. Th  is suggestion was adopted to measure the total factor productivity index, and a was taken as 0.35 and b as 0.65. In theory, a and b should be variables; with 
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Table 9.16  Total Factor Productivity Index Measurement Data and the Results of Calculations

The Total                       Labor Input 

Output      Capital Input      (L: Ten       Total Factor 

(Y: Hundred    (K: Hundred     Thousand     Productivity 

Year     Million ¥)       Million ¥)       Persons)       Index (F)

1990      18547.9         64,850          64,749          1

1991      20253.2         70,091          65,491          1.055

1992      23137.1         77,109          66,152          1.158

1993      26258.1         87,020          66,808          1.252

1994      29583.1         97,802          67,455          1.345

1995      32690.9        108,993          68,065          1.423

1996      35825         121,085          68,950         1.490

1997      38992.1        134,145          69,802          1.552

1998      42040.6        149,388          70,637          1.599

1999      45043         165,774          71,394         1.641

2000      48644.6        183,672          72,085          1.699

2001      52292.3        203,669          73,025          1.747

2002      56631.3        227,092          73,740          1.809

2003      61898.8        256,426          74,432          1.884

2004      67903.6        291,390          75,200          1.963

Source: National Bureau of Statistics of China, Chinese Statistical 

Yearbook, (2005). China Statistical Press, Beijing, IO, 2006.

Note:  The total factor productivity index is for the set-based index.

the improvement of scientifi c and technological progress, the output fl exibility of capital and labor should be increased, but the increase should be brought about by scientifi c and technological progress, so the fi xed values for a, b could estimate the total factor productivity more comprehensively.

Y is the GDP expressed by the fi xed price; it is an index expressed in currency 

in keeping with the current year’s prices. Th  e factors that aff ect the price must be eliminated to refl ect factually the economic development dynamics, because it contains the annual price changes and hence cannot exactly refl ect the increase or decrease of the amount of physical changes in the comparison between diff erent years. In this chapter, the GDP is seen as a measure of the total output of the basic 270 䡲 Theory of Science and Technology Transfer and Applications 

 

indicators on the basis of data from the China Statistical Yearbook (2005), and based on the 1990 constant prices and the index for discount, the specifi c formula is as follows:

GDP(1990 fixed price) (GDP index GDP index in1990) (GDP in 1990) = / ×

(9.11)

  2. Empirical test of FDI technology spillover eff ect

a.  Total factor productivity measurement

According to Formula 9.8 the total factor productivity index calculation and a number of processing methods of the above-mentioned indicator data, calculations, and the data used by the results of the calculation can be seen in Table 9.16.

To describe more clearly the Chinese rate of technology progress, the estimated total factor productivity index is plotted as a curve in Figure 9.2. As can be seen from the chart 9.3, the technical level in China is increasing year by year. Th ere are two characteristics of the rate of technology progress measured by us: fi rst, it fi ts in well with the results of experience; second, many scholars use the Solow residual value to estimate the rate of technological progress. But sometimes the rate of tech-nological progress is negative, which means that the technical level slides down. Between the years 1990–2004 it is diffi  cult to explain the negative values; the rate of technology progress measured is positive instead of negative, which indicates the level of technology is on the rise.
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Figure 9.2  Chinese technological progress rate curve.
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b.  Empirical test of FDI technology spillover eff ect

In the models (9.9) and (9.10), empirical research is designed to study the contribu-tion of FDI to the total factor productivity, which is the criterion for the technology spillover eff ect of FDI. To test the technology spillover eff ect of FDI, a diff erent interpretation of variables has been established, including for the four models of FDI for the lagged fi rst phase and lagged second phase and the eff ects for the total factor productivity have been explored, as well as the introduction of R&D lag fac-tor to analyze these changes in the above impact.

FDI spillover eff ects of empirical test data are used as a list in Table 9.17.

Th  e test results of FDI spillover eff ects can be seen in Table 9.18. Th  e results of 

the four regression equations show that the overall impact of FDI total factor pro-ductivity is positive, and is signifi cant. Derived from the coeffi  cient of determina-tion, it is clear that the four models fi t very well. Th  e parameters of the T-test also indicate that the estimated parameters of the variables are signifi cantly  diff erent from zero.

Model I carried out a regression to the current period’s value of FDI and the 

current period’s value of R&D. It is clear that the various parameters of the T-test values are very signifi cant and the models fi t better, but in the four models it fi ts badly, which indicates that FDI and R&D technology spillover exist as factors that lag time.

Model II carried out a regression to the current value of FDI, the lagged fi rst 

phase of the value of FDI, and the current value of R&D. Th  e results show that the FDI modulus in the current period is signifi cant, which indicates that FDI on the  impact  of  total  factor  productivity  does  need  a  period  of  time  before  gradu-ally playing out. In combination with the technical factors of FDI, it appears that the contribution of the total factor on the FDI growth rate is because it takes some time for local companies to absorb these techniques. Th  is result fi ts well with the above analysis of the FDI technology spillover eff ects.

Model III carried out a regression of the current value of FDI, the lagged fi rst 

phase of the value of R&D, which fi ts better compared with Model I and indicates that R&D has the same impact as FDI on total factor productivity, which needs a period of time to play out gradually.

Model IV can better describe the problem. Th  is model introduces FDI and the 

delayed second phase of the value of R&D after the value of the second phase, the results show that this model fi ts best and its parameters of the T-test are signifi cant, which is larger than the previous three models. Lagged FDI variable greatly aff ects the total factor productivity (Th  e greater the coeffi  cient parameter is, the higher the confi dence level is), which indicates that FDI has a longer time-lag technology spillover.

In a word, the results of the study shows that FDI technology spillover eff ect is 

signifi cant, and the spillover delay eff ects are apparent.
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9.3.4  FDI and Its Technology Spillover Effects 

and China’s Economic Growth

Economic growth has always been one of the most important issues of econom-ics,  so  to  understand  economic  growth  is  very  important.  As  a  modern  pioneer of the theory of economic growth, Adam Smith, in his paper called “Th e nature and causes of wealth of the nation” proposed that the engine of growth lies in the division of labor, capital accumulation, and technology progress. Th  e theory of eco-nomic growth has been closely connected to the study of the technology progress, from exogenous technology progress of Harold, Solow, and Denison, innovation-driven technology progress of Schumpeter Kuznets to the neoclassical endogenous growth theory of technology progress represented by Romer and Lucas. Th ese theo-ries have emphasized the growth of technological progress as the ultimate contribu-tion to economic growth.

Th  rough the empirical test of the FDI technology spillover eff ect, it was found that there was a signifi cant relevance between the FDI fl ows and China’s technol-ogy progress, that is, total factor productivity and FDI fl ows play a very important role in China’s technology progress. Th  erefore, according to the theory of economic growth, a large number of FDI fl ows will bring up the China’s economic growth. Th  e following is the empirical analysis of the relationship between FDI and Chinese economic growth.

1. Determination of the relationship between the GDP growth and FDI

From 1983 to 2004, China has made use of FDI which rose from $ 636,000,000 in 1983 to $ 62,700,000,000 in 2004, an increase of 97.6 times during these 22 years. Among the developing countries China has been able to attract the largest foreign investment in the last consecutive 17 years, and was ranked second in the world after the United States in the use of foreign capital. Th  e FDI in 1983, 1992, and 1993 was 6.36, 110.07, and 275.15 hundred million $ respectively and the growth rate of FDI for these three years was the fastest, and was 97.80 percent, 152.11 per-cent, and 149.98 percent respectively over the previous year’s growth rate. Because of the Asian fi nancial crisis in 1997, FDI in 1998 grew by only 0.45 percent, and the fi rst negative growth appeared in 1999. China overcame the initial impact of the Asian fi nancial crisis in 2000, and the recovery signs of FDI were clear. Analysis shows that FDI growth is similar to GDP growth: FDI increases rapidly when the economic situation is better, such as in the years from 1992 to 1993, its growth rate has a corresponding slowdown or even negative growth when the economic situa-tion deteriorates, such as in the years from 1988 to 1989 and from 1997 to 1999. In particular, prior to 1994 (excluding the years from 1988 to 1989 due to the impact of political instability on the economy), the absolute amount of the China’s FDI growth is rising; but after 1994, China’s FDI growth rate slowed down signifi -cantly. It can be inferred that FDI is interrelated to GDP. GDP growth is relatively 
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fast in the year of rapid growth of FDI; whereas GDP growth is relatively slow in the year of slower growth in FDI.

  2. Cointegration analysis between FDI and GDP

Cointegration analysis is a new econometric result since the 1980s. Th e Engle– Granger two-step method or the cointegration system testing method based on VAR methods could be used to test the long-term balanced relationship between two nonstationary time series.

a.  Data and model

Th  e following two variables GDP and FDI are considered for this analysis. In the empirical analysis of data, the years from 1983 to 2004 are taken as a sample interval and the data from Chinese Foreign Trade and Economic Yearbook and China Statistical Yearbook of the previous years is used. To facilitate the study, a steady sequence is generated by taking the logarithm of the data sequence number, which does not change the characteristics of the variables. Th  e logarithm of the variables of GDP, FDI are taken to get new variable sequences recorded as LNGDP and LNFDI. Th  e general regression model is as follows:

LnGDP = C (1) + C(2) * LnFDI (9.12)

b.  Unit root test

As most of the economy time series are nonstationary, cointegration tests must be carried out by the unit root test, only if the variables are the same as in the single-order, then the whole sequence can be used in the cointegration regression. Before using the method, the entire single-whole tests must be done after the tim-ing variables are analyzed fi rst. If a sequence becomes a steady sequence after the diff erence d times, then the sequence is called d-order single whole, and marked as I(d). One-time inspection of the entire order is whether it is I(0), and then whether it is I(1), the discrimination is based on the ADF test of unit root test. Th  e ADF test is used to test the stability of variables, such as test results in Table 9.19.

Table 9.19 shows that all the level series of the variables are not smooth, and 

their fi rst-order diff erentials are stable, that is, all are I(1) sequences; the two long-term relationship between the variables can be established through the next step of cointegration test.

 3. Cointegration test

In their papers, Johansen (1998) and Johansen-Juselius (1990) put forward the cointegration method based on the VAR methods to test the system. According to the pricing guidelines formula by AIC:
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Table 9.19  Unit Root Test Results of GDP and FDI

Test in the 

Form of                   5 Percent 

Variable       (c, t, and k)    ADF Value    Threshold    Conclusion

LNGDP       (c, 0, 1)       −0.37        −3.04     Not steady

⎥ Δ⎥ LNGDP     (c, 0, 1)        −4.03         −3.88      Steady

LNFDI         (c, 0, 1)        −0.93        −3.04      Not steady

ΔFDI          (c, t, 2)        −4.45         −3.73      Steady

Note: ADF test results are calculated by using Eviews software, and 

the forms of inspection (c, t, and k) unit root test respectively stand by unit root equation including the constant, the trend of the time and lag rank, and Δ is difference operator.

Table 9.20  Johansen Cointegration Test Results of FDI and GDP

Assuming     Alternative 

the        Hypothesis    Likelihood     5 Percent     1 Percent 

Original H0        H1           Ratio      Threshold   Threshold

r = 0                  r = 1             20.9            18.2           23.46

r ≤ 1                  r = 2              6.3              3.7             6.4

Note: The table test results are calculated by using EVIEWS software, 

and r stands for the number of representatives of the cointe-gration vector.

 

AIC     ⎛ Σ ε2 i    2K ⎞ = Log +                   (9.13) ⎜ ⎟ ⎝ N N ⎠

 

where Σ ε2 i is the sum of residual squares ordinary least squares (OLS) of Kth N

order VAR models; the test results are in Table 9.20.

In Table 9.20, the results show that there is a unique cointegration relationship between the GDP and FDI variables at the critical level of 5 percent, that is to say there is long-term stability and balanced relations between the two. Th e cor-responding cointegration equation is as follows including the intercept and trends variables:

LNGDP = −7.898 0.112 LNFDI 0.123 TREND + ⋅ − ⋅ (9.14)
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As can be seen there is a positive correlation between FDI and GDP growth in China and the two have a relationship of long-term dependency from the cointe-gration regression equation 9.14. Test results show that there is a positive correla-tion between FDI and China’s economic growth, that is to say the increase in FDI promotes economic growth. Th  ere is long-term stability instead of only short-term eff ect between GDP and FDI.
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