What determines the Foreign Direct Investment in R&D in Developed vs. Developing Host Countries:
A Country-Panel Analysis

Keun Lee
Professor of Economics, Seoul National University
Kenneth@snu.ac.kr

Jun-ki Park
Master Candidate of Economics, Seoul National University
ryanjkp@hanmail.net

Dong Joon Lee
CJ Corporation
Djlee429@hanmail.net
















Abstract

In this paper, we analyze the determinants of the increasing foreign direct investments on research and development (R&D) as multinationals expand their business functions abroad. We use panel data analysis based on the country-specific variables suggested by the literature. The panel data taken from developed and developing countries are analyzed separately to examine the significant differences in levels of economic development and identify representative variables between the groups. Three different specifications widely used for panel analysis were employed: pooled OLS, fixed effect model, and random effect model. The result reveals that the host countries' systematic R&D activity, the level of existing foreign direct investment, and the concentration of workforce in R&D have positive impacts on the flow of foreign direct investment on R&D. More interesting results also show that while local private R&D is positively related to the degree of foreign R&D in the host developed countries, private R&D in the host developing countries is negatively related to foreign R&D, and public R&D is positively related to foreign R&D. This implies that in developing countries, foreign firms investing in R&D are concerned about the effects of competitive leakage with local companies. This also implies that it is effective for the government in developing countries to support local public R&D because this will induce foreign investment in R&D. 
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1. INTRODUCTION

Since the 1960s, multinational corporations (MNCs) have conspicuously invested in their respective host countries. After the mid-1990s, the flow of foreign direct investments (FDIs) has increased rapidly, especially to developing countries, as the international exchanges became widely promoted. The strong growth of FDIs made by MNCs is demonstrated not only in the expansion of existing production and local sales but also in the increase of research and development (R&D) investment in host countries. The United Nations Conference on Trade and Development (UNCTAD, 2005) reported that within a decade, the R&D expenditure of foreign affiliates in host countries worldwide greatly increased from about $29 billion to more than twice at $67 billion by 2002. An empirical study (Guellec and van Pottelsberghe, 2004) suggested that this R&D expenditure is a significant determinant of growth. In addition, UNCTAD (2005) suggested that R&D spending by global enterprises promotes technology transfer, thereby reducing technology and income gaps.
According to UNCTAD's FDI Statistics Database, the global FDI inflows were at around $50 billion in the early 1980s. However, within four years, worldwide FDI inflows surged from $486 billion in 1997 to about three times at $1,398 billion by 2000. Although the global economic downturn caused by the IT bubble crises induced a temporal decline of FDI inflows, they resurged in 2004, ushering in the biggest-ever inflow recorded at $1,833 billion in 2007. Due to this drastic increase, the cumulative FDI inflows also grew to $15,211 billion in 2007, more than seven times as that recorded in 1990 with just $1,941 billion. Over the years, FDIs have also strengthened their influence not just on the host countries but also worldwide. For both the developed and the developing countries, the average annual FDI inflows account for 3% of the host countries’ GDP. In fact, the average cumulative FDI inflows in 2007 account for 30% of the host countries’ GDP.
A number of empirical studies demonstrated that FDI resulted in positive impacts such as economic growth in host countries (Lipsey, 2000; Borensztein et al., 1998; World Bank, 2001; UNCTAD 2000, 2001). Furthermore, studies on ASEAN countries (Mirza et al., 2003) and China (Buckley et al., 2002) also suggested that FDI positively contributed to the growth of the respective economies of each host country. However, some studies suggested that FDIs have resulted in negative influences, such as an imbalanced development (Hymer, 1960) or local firms withdrawing from the host countries’ market (Blomstrom and Kokko, 1997). These tend to emphasize the quality of economic development and, on quantitative terms, there is no significant difference in FDI’s positive influences such as on economic growth.
Caves (1971, 1974) divided the potential benefits that the host countries can gain from FDI into three classes: allocative efficiency, technical efficiency, and technology transfer. Allocative efficiency refers to a mechanism by which a significant competition induced by MNCs in a host-country market may improve the host country’s allocation. This leads to diminished monopolistic distortions and raises resource productivity. Technical efficiency or “X-efficiency” refers to the gains of local or domestic firms induced by their interactions with MNCs such as competition, supply, purchase or other economic contacts. Meanwhile, technology-transfer efficiency, the most intriguing and popular research issue in this field, is derived through a channel of economic contacts through which MNCs transfer their own advanced technology and innovation to domestic firms. This channel utilizes two forms of transfer—a direct technology transfer through the subsidiary of the MNCs and an indirect transfer to derive technology from technology embedded capital equipment or facilities used by domestic firms. Technical transfer was first suggested by Caves’ (1974) empirical study which found higher subsidiary shares were evidently related to higher productivity levels in competing host country’s firms in Canada and Australia. Taking their lead, other empirical studies have also suggested positive technology transfer (Globerman, 1979; Blomstrom, 1989). Moreover, recent studies have closely focused on the determinants of the various paths and effect levels in technology transfer. For instance, Chung (2001) analyzed the example of U.S. firms to explain that the efficiency of technology transfer varied depending on both the motivation of MNCs’ investments and the local situation, such as the intensity of competition or the technology gap.
This technology transfer effect has induced interests on its direct determinants, i.e., research and development (R&D) FDI of the MNCs. Some studies evaluated that R&D FDI could contribute to developing a targeted industry in the host country (Carlsson, 2006; Cantwell and Piscitello, 2000). In addition, other studies suggested that the subsidiary plays a pivotal role in encouraging technological innovation in the host country (Mudambi and Mudambi, 2005). Adopting their policy implications, many countries are implementing policies to promote foreign R&D investments for constructing the foundation for economic growth, including financial aids or taxation benefits to local R&D subsidiaries, construction of science parks to host MNCs to amplify the synergistic effect, direct R&D of the host country’s government and other developments of infrastructure. In a survey conducted by UNCTAD (2005) involving 84 national investment promotion agencies (IPA), 55% responded that they actively promoted foreign R&D investments.
However, compared with these huge interests, most studies paid attention to each determinant of foreign R&D investment fragmentary and not as a whole. Moreover, empirical studies on this issue are still substantially insufficient and have limited country coverage, which is not enough to apply a generalization or classify these at the national development level determining R&D investment. Therefore, we assume that the determinants of foreign R&D investment would be varied as the characteristics of the developed or developing countries. We likewise identify the determinants of foreign R&D investment using panel analysis with country data divided by a development level.
This paper is organized as follows: Section 1 has provided the increasing trend of FDI and its economic influences on the host country, especially on technology transfer. Section 2 reviews several related literature, points out their weaknesses, and suggests the distinctions among our paper and literatures. Section 3 sets the improved model using Erken et al (2005) as the basis and explains variables and data sources. Section 4 presents the different properties of the determinants (i.e., variables with descriptive analysis) and also shows results of estimation analysis divided into developed and developing host countries. Finally, Section 5 concludes the paper with a summary, some remarks, and corresponding policy implications.


2. LITERATURE REVIEW

(a) Theoretical Background of R&D FDI

Although previous studies provided no specific theory for foreign R&D investments, this can be inferred from general FDI theories. The first FDI theory suggested that FDI is a method of transferring capital and knowledge enabling MNCs to organize overseas manufacturing (Hymer, 1960). Meanwhile, the other theory explained FDI with the conception of a product life cycle: if a firm considers the location for commodities on the basis of market considerations extending well beyond simple factor cost minimization analysis, locations of commodities will vary with each stage of standardization and maturation as a result (Vernon, 1966). These two early theories demonstrated that the occurrence of FDI only depends on internal factors, implying that foreign R&D investment is also based on the competition to dominate the host country markets using the firms’ own technology. Following these two main theories on FDI, the monopolistic advantage theory (Dunning, 1958; Kindleberger, 1969; etc.,) and internalization theory (Buckley and Casson, 1976; Rugman, 1981; etc.,), explained R&D FDI in a similar manner. According to the monopolistic advantage theory, FDI refers to an overseas profit-seeking behavior using the firm’s own superior factors, including capital, technology, organization and R&D, among others. In contrast, the internalization theory states that FDI arises to fill the imperfection of or voids in the host country’s market, thus generating stable profits using advanced technology. Dunning (1980) combined the different FDI theories and came up with the Eclectic theory explaining that FDI is induced by the ownership-specific advantage, the internalization advantage, and the location advantage. In other words, to induce FDI, MNCs should have their own specific factors, such as technology and capital. They also need to go through the internalizing process which combines the host country’s specific market conditions, such as the exchange rate, intellectual property rights and other characteristics, with those of the MNC. In addition, the eclectic theory suggests that the location advantage—the new determinant of FDI—refers to the condition of the host country such as the market size, labor costs, government policies and other conditions. As the eclectic theory became the most generally accepted FDI theory, a number of studies have analyzed location advantages and then classified them into policy advantages (e.g., political stability, mature level of democracy, etc.), economic advantages (e.g., market size, growth rate, etc.) and other advantages. In the same context, this theory suggests that the size of the host country’s market, R&D human capital, infrastructure, and other location advantages may be the primary determinants of foreign R&D investment.

(b) Literature on R&D FDI Determinants

Most studies on the location-advantage determinants for foreign R&D investment have either analyzed only a small number of countries or only a single determinant. First, a number of studies have focused on the relationship between foreign R&D investment and the host country's level of technology. Some studies suggested that MNCs invest on R&D overseas to access the country’s low-level technology market using their advanced technology (Mansfield et al., 1979). Meanwhile, other studies suggested that the aim of MNCs is to acquire technology from the high-level technology countries (Pain, 1997). However, more recent studies have taken an integrated approach. Based on a survey of pharmacy and IT industries, Kuemmerle (1999) suggested that MNCs involved in foreign R&D investment aim to acquire new technology and gain access to markets with advanced technology. They achieve this by establishing their foreign R&D investments around first-rate universities as well as in sites close to production facilities or markets. Based on a survey of MNCs in the U.K., Pearce (1999) suggested that the main goals of infusing FDIs have been evolving from gaining access to new markets to acquiring new technology, increasing the dependence of R&D investments on the host country's technology level, existing R&D infrastructure, or other conditions. However, contrary to the objective of gaining market access, foreign R&D investments aiming to acquire new technology remains controversial especially since the correlation between foreign R&D investment and the host country's level of technology is yet to be fully understood. For instance, one recent research suggested that only MNCs that owned advanced-technology could operate R&D projects overseas (Bas and Sierra, 2002).
Second, aside from the level of technology, many studies have suggested that ‘access to qualified staff’ in the host country is one of the key determinants for identifying a location of foreign R&D investment. In the case of the U.S. and Japan, the abundance of R&D manpower was a significant determinant (Kumar, 2001). In the case of other countries, in addition to the abundance of R&D manpower, MNCs also looked at the quality level of the manpower available (Cournet and Rensman, 2001; Edler et al., 2001). A survey of MNCs’ senior executives also showed that most respondents rank the factor ‘access to qualified staff’ high (61%) in determining the location for foreign R&D investment (EIU, 2004). Moreover, in the example of offshore R&D into Hungary, the inflow of highly skilled workers through MNCs led to the technology transfer, implying that highly qualified staffs comprise an important determinant for foreign R&D investment (Inzelt, 2008).
Third, a number of studies suggested that other key determinants for foreign R&D investment include first-rate universities, knowledge-institution, local private and public R&D activities, such as constructing infrastructures and innovation policies (Rosenberg, 1982; Nelson and Winter, 1982; Edquist, 1997; Erken et al, 2005). Moreover, the triple helix relationship among university-industry-government (Etzkowitz and Leydesdorff, 2000) as well as the possibility of collaborating with local firms or institutions are likewise attracting the inflow of MNC’s R&D investments (Chesbrough, 2003; Chaminade and Vang, 2008).
Fourth, history is also a key determinant influencing the location of foreign R&D investments since MNCs choose to initiate new R&D activities through their sales subsidiaries, expansion of existing R&D facilities,                 merger and acquisition (M&A) (Cornet and Rensman, 2001), and higher status and intention of local subsidiary managers for R&D (Simoes and Nevado, 2001; Ling et al., 2005). In addition to these four determinants, the host country’s strategies to attract foreign R&D investment can also be considered as a determinant. Fiscal and financial incentives, human capital development, improving the intellectual property rights regime, building the image of the country as an R&D location, providing pre-investment and implementation services, and other policies are examples of such government strategies (Guimón, 2008). However, compared with technology, qualified manpower, infrastructure, history or other key determinants, these policy variables are evaluated to be relatively less important.

(c) Necessity for a New Research

While many papers have contributed to a deeper understanding of the positive effect of technology transfer through foreign R&D investments (such as those indicated above), most researchers used just a single determinant in their analysis. In addition, the limited sample restricted their general application. On papers dealing with the correlation between FDI and the technology level of the host country, the major methods used involved conducting a survey among MNCs or a comparative analysis using a relative technological advantage (RTA[footnoteRef:1]) index with patent data, in which the samples were limited to U.S. firms, Japan firms or MNCs operating in Germany, U.K., or other major countries. This weakness is similar to that of other studies dealing with other determinants such as qualified manpower, infrastructure, history or policies. Moreover, empirical studies (Table 1) that are even rarer than survey works, are already limited by the short timeframe or small sample size because of difficulties in data collection. There is a recent study which used panel analysis with 13 counties among OECD countries (Erken et al, 2005). However, this sample lumped developed and developing countries together, making it difficult to look at the differences on the level of economic development and its influences on the level of technology, human capital, investment of local firms and governments or other determinants. Without adapting the country effect, it would be difficult to clearly determine the significance of each determinant. [1:  (P=the number of patents, i=a firm or country, j=an industry)] 

Therefore, we intend to contribute to the study of foreign R&D investment determinants based on several distinct points discussed below. First, we use panel analysis with a larger country coverage and longer timeframe based on the R&D data from the United Nations Educational Scientific Cultural Organization (UNESCO), thereby overcoming the limitations of previous works. Second, we consider the stage of economic development the host country is in using the standard set by International Monetary Fund (IMF) 2009. Third, we provide not only the pooled-OLS estimation but also fixed-effect panel and random-effect panel estimations, and then compare these three results and derive the most suitable result and implications.

[Table 1 about here]
 

3. ESTIMATION MODELS, VARIABLES, AND DATA

(a) Estimation Models

Existing empirical studies analyzed the determinants of foreign R&D investments using several methods. Most of these have been based on surveys of MNCs, resulting in models containing both location-advantage determinants, which is of interest to us, as well as firm-specific factors. For example, one study focused on determinants of Swedish firm’s R&D overseas investment using a model that not only had determinants for location-advantage, such as host country GDP, R&D manpower per 1000 inhabitants, or country’s relative specialization in certain industry. The study also had specific factors on the Swedish firms such as share of the firm’s total R&D expenditures and share of the firm’s total value-added accounted by operations (Fors, 1998). In another study, Kumar (2001) analyzed the determinants of the location of overseas R&D activities using U.S. and Japanese corporations and focused on location-advantage determinants similar to the intention of us. However, aside from the market size, R&D manpower, wages, costs, R&D expenditures per GDP in the host country and openness, Kumar’s model also utilized intellectual property protection and other policy factors that were less decisive in its evaluation making our study still somewhat different.
In order to analyze the primary determinants of the location of foreign R&D investments, we set the empirical analysis model using the model of Erken et al. (2005), which used foreign R&D investments and foreign ownership of domestic inventions as dependent variables. Those identified as independent variables representing the level of R&D infrastructure in the host country were the stock of private R&D capital and public R&D capital. To represent the level of human capital, they used educational attainment, human resources, and college graduates in science and technology. To represent ‘adaptive’ R&D (i.e., R&D history), they also used the country’s ratio of the value added of foreign industrial establishments to that of domestic value added. Finally, to represent the cost-advantage R&D, Erken et al. (2005) used labor costs of R&D personnel. This model thoroughly considered the primary determinants (i.e., R&D infrastructure, R&D manpower, and history of prior FDIs), as suggested from other works, that are most similar to our analytical purposes. However, the model of Erken et al. (2005) omitted the host country’s level of technology and market size and redundantly considered human-capital independent variables.
Hence, we added a new variable which indexed ‘total patent grants by country of origin and by office’ usually representing the host country’s technology level. In addition, following the conclusion of new market access with advanced technology (Mansfield et al., 1979), we examined the market size or economic scale by including GDP and exports as part of the independent variables, representing the general and broader market-size evaluation, respectively. We also unified the three redundant determinants in Erken’s model (i.e., educational attainment, human resources, and college graduates in science and technology) into one variable, and excludes R&D personnel labor cost due to limitations in data gathering. Furthermore, based on suggestions from previous studies, it is the quality of manpower that matters and not labor costs (Cournet and Rensman, 2001; Edler et al. 2001). Thus, in this empirical analysis model, we set R&D investment by foreign capital in a host country as a dependent variable, and R&D investments by private and public capital as infrastructure-factor independent variables. We then set the host country’s patent grants, market size, and exports as independent variables that present the new market access R&D with advanced technology. Finally, we set R&D manpower and the existing FDI as independent variables. This work used intensity analysis (using the ratios standardized by dividing theirs parameter) and level analysis (using raw datum) to demonstrate how each determinant number affects FDI. To estimate level analysis, each variable was taken the logarithm to reduce the distortion caused by unit differences and outliers. Each coefficient under this remedy means that the percentage of FDI changes as one percent of each determinant increases. The two models are presented below, and are estimated under the hypothesis that each determinant affects FDI differently in developed or developing countries.

 [Model 1 & 2 about here] 

The estimation methods used in our study are pooled ordinary least square (pooled OLS) estimation, fixed-effect panel model estimation, and random-effect panel model estimation. Furthermore, to determine the model among the three estimation methods, we applied the Breusch-Pagan (1980) LM test between OLS and random-effect panel model, and the Hausman Test was applied between the fixed-effect and random-effect panel models to determine the most efficient among these. The results of the panel models may suffer from a bias since the estimations yield incorrect standard errors if there is autocorrelation within each panel group. Following this, we used the Wooldridge (2002) test to check autocorrelations within the panel data. If the test shows the existence of autocorrelations, we applied the generalized least squares (GLS) estimation of Baltagi and Wu (1999) on the random-effect panel model, and the Cochrane-Orcutt transformation on the fixed-effect panel model.

(b) Variables and Data Resources

We used sources such as UNESCO, IMF, World Intellectual Property Organization (WIPO), and World Trade Organization (WTO) for most of the data used in the regression analysis. Definitions and in-depth details of the independent variables and dependent variable are presented in Table 2.

1) Dependent Variable: R&D Investment by Foreign Capital
We use R&D investment by foreign capital as an independent variable. Survey analysis data of many studies (Hakånson and Nobel, 1993; Fors, 1998; Florida, 1997; Kumar, 2001) investigated only a small sample of countries or large MNCsduedur to  due to data collection difficulties, thereby limiting the general application of the determinants. In addition, while Erken et al., (2005) used data from 13 countries among OECD countries, most of those were developed (e.g., U.S., U.K.) with only few developing countries, limiting its general application. This prompted us to use the large data collection from UNESCO for the independent variable. The UNESCO Institute for Statistics (UIS) surveys R&D investment and human resource of 200 countries and publishes the ‘Science and Technology Statistics’ every year. Annual R&D investment by foreign capital, hereby considered as the independent variable, is provided as ‘gross domestic expenditure on R&D by source of funds’ in the purchasing power parity (PPP) unit. However, since PPP unit data considers purchasing power as well, this is not suitable for evaluating the absolute level of influx to each country. Thus, we converted the PPP dollar unit data into current dollar unit using a conversion rate calculated from nominal GDP and PPP GDP data of IMF. We then used ‘R&D investment by foreign capital in current dollar unit’ as the independent variable in the level analysis and ‘the ratio of this to nominal GDP’ as the independent variable in intensity analysis.
 
2) Independent Variables 1 and 2: R&D Investment by Private and Public Capital
To determine the power of R&D-infra level in the host country—one of the suggested primary determinants—some studies have included private and public R&D investment as part of the dependent variables. Moreover, previous studies that included these variables showed that R&D activities of local firms were significant to the inflow of foreign R&D investments (Chesbrough, 2003; Erken et al., 2005; Chaminade and Vang, 2008). We also included both R&D investment by private and public using data from UNESCO’s science and technology statistics. The section on ‘gross domestic expenditure on R&D by source of funds’ provides the annual investment by each private, public and foreign investor by PPP dollar unit. In this work, this PPP dollar unit data was also converted into current nominal dollar unit using the IMF’s conversion rate.
 
3) Independent Variable 3: The Level of Technology or Shares of Patent Grants
MNCs’ investments on a host country have been examined in two points of view—acquisition of new technology and access to new markets with advanced technology. As previously mentioned, while some studies suggested the market dominance of MNC with its advanced technology (Mansfield et al., 1979), others suggested the acquisition of technology (Pain, 1997), and still others suggested that those are mixed (Bas and Sierra, 2002). Thus, we estimated whether or not the level of technology in the host country affects foreign R&D investments positively. However, to prove this hypothesis, there is no suitable objective variable for the level of technology. We, instead, used patent data as a proxy variable for the level of technology. The patent data is provided by the world intellectual property organization (WIPO) in forms of annual data by country of origin or office, the nationality of the MNC that owned the granted patent, and others. We also used shares of patent grants by country of origin in the world total in order to estimate the level of technology as proxy; this was calculated using raw data from WIPO under the ‘revealed technology advantage (RTA)’ method. Given that ‘shares of patent grants by country of origin in the world total’ is a relative number reflecting each country’s level of technology, we used the same form of this variable in both the level analysis and intensity analysis models.

4) Independent Variable 4: R&D Human Resource
An empirical study of Kumar (2001) and several other survey-based studies used the proportion of workers engaged in R&D as an independent variable under the hypothesis that foreign R&D increases as the R&D human resource increases. The number of R&D human resource data used in our study is the sum total of researchers, technicians, and other supporting staff numbers provided by a UNESCO report on science and technology statistics. In the intensity analysis model, we used ‘the ratio of number of R&D human resource to population’ which is calculated using IMF data because its standards are dependent on the country unlike that of the International Labor Organization (ILO) data.

5) Independent Variable 5: Stock of FDI
Some studies have suggested that existing overseas production facilities or sales subsidiaries of MNCs are the primary determinants of R&D investment (Cornet and Rensman, 2001; Ling et al., 2005). We also contribute to this line of thought that the stock of FDI positively affects the influx of new foreign R&D investment and then add on the model as an independent variable. Annual FDI influx and stock data are released as parts of the World Investment Report published by UNCTAD, which also maintains an FDI statistics database containing various materials such annual FDI inflows, stock of FDI, GDP, and the proportion of FDI inflow to fixed investment. We use this stock of FDI data in nominal million U.S. dollar unit as a proxy to history (i.e., both prior tangible and intangible investment). In the intensity analysis model, its ratio to each country’s GDP is used.

6) Independent Variables 6 and 7: GDP and Exports
Many existing studies have suggested that MNCs’ overseas R&D investments are meant not only to acquire technology but also to dominate new markets (Mansfield et al., 1979; Bas and Sierra, 2002). Generally, these studies used a relative technological advantage (RTA) index to measure and evaluate the technology gap between the host country and the MNC. If the technology level of the MNC is higher than that of the host country, the reason for R&D investment may be for market dominance; in contrast, if the technology level of the MNC is lower than that of the host country, the reason for R&D investment may be to acquire advanced technology. However, we trie to determine whether or not the intention of R&D investment is motivated by gaining market dominance by including the host country’s GDP as an independent variable, and is not motivated by the technology level of the host country. We used IMF’s World Economic Outlook database for GDP, which is presented in billion dollar units. We also included export size as a broader market size variable, with reference to the variable for market openness in Kumar’s empirical research (2001); this is based on the hypothesis that MNC’s R&D investment which is motivated by market-dominance is aimed not only at the market in the host country but also its neighboring countries. Export is provided in WTO’s International Trade Statistics. In the intensity analysis model employed in this work, the ratio of exports to GDP representing the export-oriented variable was used.

[Table 2 about here]

7) Country-Panel Analysis Data
The Country-Panel data used to analyze the determinants of foreign R&D investment consist of 58 countries and covers a time series data of 12 years maximum from 1996 to 2007. According to the IMF standard, our data included 29 advanced countries (e.g., U.K., Canada, Japan, S. Korea, and so on) and 29 developing countries (e.g., China, Russia, Hungary, Malaysia, and so on) with data for 12 years. However, since UNESCO data did not provide R&D investment by capital sources and R&D human resource for all countries, we used the unbalanced panel data with 239 observations in developed countries and 191 observations in developing countries.


4. ESTIMATION RESULTS

(a) Descriptive Analysis

We conducted the descriptive analysis in order to examine the properties and trends of each independent and dependent variables. The descriptive analysis shows the current state and trend of each variable, and the differences between developed and developing countries as central topics. However, it does not include FDI trends, GDP, and exports since the existing literature have already analyzed those.

1) Independent Variable: R&D Investment by Foreign MNCs
Foreign MNC’s R&D investment in the 58 sample countries was 7.6% of the average total R&D investment in host countries in 2006. Annual growth rate averaged at 5.7%. As the inflow increased, the share of foreign R&D investment in the host country’s GDP increased as well from 0.07% in 1997 to 0.09% in 2006. Comparing the trends of foreign R&D investment in the sample developed countries against the sample developing countries, the inflow in developing countries steeply increased with a 12.7% annual average, which is higher than the inflow to developed countries (8.1%) within over ten years from 1997. However, there is still a huge gap on influx size so that the share of foreign R&D investment in the GDP of the host developed countries in the sample was 0.13%, which is almost three times that of the sample from host developing countries at 0.05%. Among the sample, U.K. and Finland are the most active countries in terms of foreign R&D investments, especially U.K.’s share of foreign capital in total R&D investment at 17%. East Europe countries such as Hungary, Poland, and Russia have a higher share among the sample developing countries.

2) Independent Variables 1 and 2: R&D Investment by Private and Public Capital
Shares of R&D investment by both private and public capital took almost all of the R&D investment in 2006 in the host country (96.6%). The size of R&D investments made by the private sector increased annually by 4.2% in 58 countries—slower than that of foreign capital. Comparing the size of private R&D investment in developed countries against that in developing countries, the sample developing countries showed an average of 188 billion dollars in 2006, much lower than that of the sample developed countries with an average of 1.5 trillion dollars. However, the annual growth rate of private R&D investment, similar to the trend for foreign investments, was at 26.1% for the sample developing countries. This growth rate was much faster than that of developed countries at 6.2% on average over a ten year period. Public R&D investment also showed 4.0% annual growth rate in the same timeframe, indicating that total R&D investment has been increasing overall. While there is still a big gap of public R&D investment sizes with 631.9 billion dollars of the sample developed countries against 119.5 billion dollars of the sample developing countries, this gap was narrower than that of private R&D investment. Moreover, the annual growth rate of public R&D investment on average over a ten-year period was 9.8% in developing countries—higher than that of developed countries at 6.0%. This fact means that developing countries are catching-up with developed countries very fast in terms of R&D investment. A noticeable finding is that the leading agents of R&D investment are different between the developed and developing countries. As shown in Table 3, among the 29 developed countries in 2007, private sector-led R&D activities in the host country took a 54.1% share of R&D investment. In contrast, among the 29 developing countries for the same year, public sector-led R&D took a 52.4% share, with the private sector taking a relatively lower share at 36.3%. However, overall, public-led R&D investment share decreased in developing countries at 56.1% in 1997, while there was no noticeable change found in developed countries on the private sector share at 52.1% and 37.6% for the public sector. These results indicate that the government led systematic R&D investments when the developing country did not have enough voluntary R&D execution abilities, but after that, the private sector become a leading R&D agent like the developed country after having achieved economic development.

[Table 3 about here]

3) Independent Variable 3: Shares of Patent Grants(The Level of Technology)
For an objective evaluation of the technology level, we use the share of patent grants by country of origin compared with the overall world total as a proxy variable. The share of patent grants in world total of 58 countries showed no big change at 1.8% over a ten-year period since 1997. However, in 2006, the average share of patent grants for 29 developed countries was at 3.3%, higher than 0.4% of the 29 developing countries. This result indicates that there is still a big technology gap between developed and developing countries. Even the developed countries, including Japan, S. Korea, Germany and France took higher shares (i.e., 7~29%). In addition, while S. Korea’s share rapidly increased from 3.8% in 1997 to 13% in 2006, Japan’s share decreased overall. The patent share of the sample developing countries also shows a decreasing trend, although there are some remarkable emerging countries, such as China, which has developed technology at a very fast pace but is not included in this sample. 

4) Independent Variable 4: R&D Human Resource
The annual growth rate of R&D human resource of the 58 sample countries over a ten-year period from 1997 showed an increase with a 3.1% annual average. In terms of this variable’s ratio to population, the 58 sample countries showed continuous increase from 0.35% in 1996 to 0.43% in 2007. However, just as in the size of R&D investment, there is a big gap between developed and developing countries. Specifically, while the 29 developed countries recorded an average of 61 R&D workers for every 10,000 people in 2006, the 29 developing countries showed the lower level with an average of 24 R&D workers for every 10,000 people. Among the developed countries, Finland, Japan, and Singapore showed higher intensity of R&D human resource at 1.1, 0.73 and 0.68% respectively; meanwhile, among the developing countries, except for Russia with 0.64%, most countries showed a lower ratio of 0.1~0.2%, indicating that a big gap exists between developed and developing countries in terms of R&D human resource. 

(b) Correlation Analysis

Prior to conducting the panel estimations, we ran the correlation analysis of each variable in two country groups separated by IMF standard. The results are presented in Tables 4 and Table 5. The results show that almost all variables have correlation and are significant. If the analysis model includes two highly correlated variables to form part of the explanatory variables, then a multicollinearity problem could emerge. To address this, several methods can be applied such as eliminating one of the variables, obtaining more data, applying another method, or just leaving the data as they are. However, in the case of R&D-related macro data used in our study, it is inevitable that structural relations among variables occur depending on market size and R&D vitalization. Thus, assuming that there is no multicollinearity is appropriate if at least one of the two high correlated variables is identified to be significant.

[Table 4 & 5 about here]

(c) Estimation Results of Developed Countries

1) Level Analysis Model
The results of estimating the determinants for foreign R&D investments using the unbalanced panel data of 29 developed countries are presented in Table 6. Results of the F-Test and Breusch-Pagan LM Test indicate that a pooled OLS estimation is inefficient. Meanwhile, results of the Hausman Test between a random-effect panel estimation and a fixed-effect panel estimation indicate that the latter one is better (χ2=35.01, p<0.01). Thus, a fixed-effect panel model was chosen as the most efficient model. The result of a fixed-effect panel shows that the level of private R&D, R&D human resource, stock of FDI, and export are positively significant; meanwhile, the share of patent grants, a proxy of the technology level—suggested by many literatures as an important factor—is not significant.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, if autocorrelation exists within the group, standard errors will be incorrectly estimated, causing a bias problem. This prompted us to run the Wooldridge test to judge whether or not first-order autocorrelatios exist in the developed country panel data. The result shows that data within the each group are first-order auto-correlated at a 1% level of significance (F=78.268). To remedy the autocorrelation, we applied the Cochrane-Orcutt transformation on the fixed-effect panel model. We also applied the GLS estimation method of Baltagi and Wu (1999) on the random-effect panel model. These results are presented in Columns (4) and (5) of Table 6. Finally, results of the Hausman test evaluates that a random-effect model with AR(1) is better than a fixed-effect model with AR(1). 
Results of the random-effect model using the GLS estimation method of Baltagi and Wu (1999) suggest that private R&D investment, share of patent grants, and stock of FDI positively influence foreign R&D investment at a 1% level of significance. The significance of private R&D investment indicates that as the size of the host developed country’s local R&D investment expands, the inflow of R&D investment by foreign capital is also achieved. In addition, as suggested by prior studies, foreign R&D capitals are invested not only on existing production facilities and sales subsidiaries but also on facilitating their expansion. This means that history (i.e., prior investment) is important for new foreign R&D investments.
On the other hand, the level of technology represented by a share of patent grants by country of origin shows a negative influence on foreign R&D investment at a 1% level of significance. Although the effect of technology level is petty since its estimated coefficient is only -0.0748, its implications are interesting. First, given that market size—like GDP and export—is not significant, the negative effect of technology level in the host developed countries implies that MNCs may not invest in R&D to achieve market predominance by using their advanced technology as their main objective. Second, given that local private R&D investment is positively significant, it can be inferred that the objective of MNCs is to jump on the R&D activities of local firms to develop and intensify technology and acquire patents, among others. However, the exclusivity of a local firm’s technology can negatively affect the MNCs’ ability to achieve their goals as indicated above. In other words, the minus sign of patent share on foreign R&D investment means that technology development through foreign R&D capital can be meaningless if local firms exclusively possess most of the patents. For instance, there are identical studies simultaneously undertaken all over the world. It was reported that for EU countries, 60% of selected and supported R&D projects became useless because their development had already been completed or after the patents had been granted (Hyun, 2005). Therefore, MNCs’ overseas R&D investment to developed countries is sublated when the host country’s level of technology is much more advanced than that of the MNC.

[Table 6 about here]

2) Intensity Analysis Model
The intensity analysis model was applied to the panel data for developed countries using the same procedure as level analysis (Table 7 (1), (2) and (3)). Results of the Hausman test rejects fixed-effect panel estimation, but selects random-effect panel estimation as the most efficient model (χ2=8.52, p=0.2021>0.10). This result shows that the technology level is negatively significant at the 10% level as a result of the level analysis model. On the other hand, R&D human resource per population is positively significant at the 1% level; however, it is not significant in the level analysis model.
However, similar to the level analysis model, the Wooldridge test at the 1% level is unable to reject the hypothesis that no first-order autocorrelation exists within panel groups in the intensity analysis model (F=24.848). Thus, we again applied the Cochrane-Orcutt transformation on the fixed-effect panel model, and the Baltagi and Wu (1999) GLS estimation method on the random-effect panel model. We also applied the Hausman test which chose random-effect with AR(1) model as the most efficient one. These results are provided in Columns (4) and (5) of Table 7.
Column (4) in Table 7 presents similar results to those of the level analysis model. First, private R&D investment per GDP is positively significant at the 10% level. This result of the level analysis model implies that both the size of private R&D investments and the share of their contribution to national economy positively induced foreign R&D inflow. In other words, as the host developed country’s economy developed with technology-intensive industries as the main engine; R&D activities by foreign capital were also achieved. Second, the level of technology—which is the same as the level analysis’ result—is negatively significant at the 5% level. Third, although the R&D human resource per population’s level itself is not significant, it is positively significant at the 1% level, indicating that foreign R&D investment is affected by the intensity of R&D manpower rather than just availability. Finally, stock of FDI per GDP, while its level itself is positively significant, is not statistically significant to foreign R&D inflow. 

[Table 7 about here]

(d) Estimation Results of Developing Countries

1) Level Analysis Model
The determinant analysis using panel data of the host developing countries shows very different results with that of the host developed countries. The Wooldridge test suggests no autocorrelation (F=2.493, p=0.1328), while the Hausman test selects a fixed-effect panel estimation as the best model at the 1% level of significance (χ2=68.69, p=0.0000<0.01). Table 8 shows pooled OLS, fixed-effect panel, and random-effect panel estimation results.
The results of best model (i.e. fixed-effect panel model) suggest a few things. First, it is public and not private R&D investment that is positively significant at the 1% level of significance. This result reflects the descriptive analysis result that the share of public R&D investment in the sample developed countries is 36% on average, but that its share in the sample developing countries—where R&D activities is being led by public—is rather higher on average at 53%. Conversely, compared with prior studies, private R&D investment is negatively significant at the 5% level in developing countries. Considering the current situation in developing countries, where the share of R&D by private sector is small and the majority of local firms’ R&D is for tech-cloning, foreign R&D inflow can be hampered by MNCs’ fear of tech-leakages as private R&D invests in the host developing countries. This is consistent with the cases of China where R&D has been exploding by foreign capital. For example, Haier, primarily a household appliance producer in China, had consistently focused on selling the low-end imitation merchandise that used the advanced technology of Haier’s foreign partnership corporation. After acquiring the know-how from imitating advanced technologies, Haier then developed its own technology and eventually became a global brand, threatening the existence of its global household appliance producers.
Second, one of the noticeable points is the positive effect of GDP—representing the market size—on foreign R&D investment at the 5% level of significance. This result means that MNCs invest in the developing countries and not in the developed countries with the aim of accessing the local market. With regards to MNCs’ objective, the share of patent grants also indicates that the low level of technology in the host developing countries is not a significant influence on foreign R&D inflow; thus their object is not to acquire the technology in developing countries.

[Table 8 about here]
Third, the result presents that the stock of FDI is positively significant at the 5% level of significance. This means that foreign R&D capitals are following their history and that path-dependency exists. However, R&D manpower availability is not significant like that in host developed countries. In addition, export also indicates no significant relation.

2) Intensity Analysis Model
Intensity analysis using the host developing county panel data was diagnosed as first-order autocorrelation by Wooldridge Test (F=17.142, p=0.0007<0.01). The results before applying the remedy are shown in Columns (1), (2), and (3) of Table 9. After applying the remedies to correct the first-order autocorrelation, the Hausman test chose a fixed-effect panel model with Corchrane-Orcutt transformation as the most efficient one rather than a random-effect panel model with the GLS estimation method of Baltagi and Wu (1999) at the 5% level of significance (χ2=16.32, p=0.0121). 
The fixed-effect panel model, being the most efficient one, also shows some differences against the level analysis results. First, the ratios of private and public R&D investments to the total amount of global R&D investments are negatively and positively significant at the 5% level of significance, respectively. In others words, as the size of public-led R&D become bigger and its share to GDP become more intensified, foreign R&D investment to developing country became more activated. Second, the technology levels of developing countries still do not show statistical significance. Third, R&D human resource per population is positively significant at the 1% level, indicating that foreign R&D investment considers the intensity of R&D manpower rather than just availability similar to the results of host developed countries. Finally, in this GDP-excluded model, although its coefficient is somewhat small, export per GDP—the proxy variable of the market size—is positively significant at the 5% level. This result, as we mentioned at the GDP result of the level analysis, means that MNCs invest in developing countries with the aim of accessing local market and its neighbor countries markets.
[Table 9 about here]

5. CONCLUDING REMARKS

We have begun with the attempt to clarify the determinants of foreign R&D investment. In order to verify the determinants suggested by the existing literature, we have conducted a country panel estimation using variables such as private and public R&D investment, the level of technology, market size, R&D human resource and stock of FDI. This work also has used a much larger county-panel data and divided countries based on their level of economic development. This is under the assumption that the determinants of foreign R&D investment are different between the developed and developing countries since theirs patterns are quite different with each group. The results of our study, then, provide the distinguishable remarks (see Table 10).

[Table 10 about here]
In the case of the host developed countries, we find that size and activation of private R&D investment, size of prior FDI, and intensity of R&D human resource are all positively associated with foreign R&D investment, while the level of technology is negatively associated. This means that the objective of MNCs is to jump on the local R&D activities in developed counties to advance technology, acquire patents, or others. On the other hand, in case of the host developing countries, we find that stock of prior FDI and intensity of R&D human resource are positively associated with foreign R&D investment, while size and activation of private R&D investment is negative for fear of tech-leakages. However, public R&D in developing countries induces foreign R&D investment. The market size and export-oriented economy are also positively associated with foreign R&D capital, implying that MNCs invest in developing countries not only to pre-occupy a local market but also enter its neighbor countries markets.
In terms of policy implications, both developed and developing countries generally need to attract foreign R&D investment and encourage manpower to increase their interest in science and technology fields. Considering the result stating that foreign R&D investments are made to take advantage of local private and public R&D and achieve technology development and market preoccupancy, it is true that activating local R&D is the primary determinant of foreign R&D investment. Moreover, the most remarkable finding is that public-led R&D affects inflow of foreign R&D capital in the host developing countries, while private-led R&D affects the same in the host developed countries. This finding indicates that foreign capital R&D activities considerably depend on the systematic R&D activities of the host countries. The results imply that developing countries and poor countries should implement policies encouraging public-led systematic R&D activities to initiate economic take-off, especially since local firms in poor countries whose technology level is relatively lower have no motivation or need to undertake R&D. In practice, public-led systematic R&D using basic technology showed its effectiveness in developing countries (Neary, 1999). If public-led R&D activities successfully begin and the economy grows as a result, public-led R&D would evolve into private-led R&D, which can operate in more practical and better-timed technologies development. The case of S. Korea demonstrates that the Korean government has long conducted many private-public R&D consortia and encouraged private firms to initiate R&D, Finally, in the early 1990s, private R&D accounted for around 80% of the total R&D (Lee and Kim, 2009). In addition, one research suggested that about $0.27 private R&D investment is stimulated for every dollar of government R&D contracts (Levy and Terleckyj, 2009). On the other hand, local firms in developed countries can induce foreign capital by operating systematic R&D by themselves. However, even if they can attract foreign R&D investments, the governments of developed countries need to indirectly stimulate private R&D continuously, and conduct R&D as part of the national core technology (Wolde-Rufael, 2009).
Policies are required not only to attract foreign capital and secure human resources and infrastructure, but also to address the situation where foreign capital is driven out due to the technology-exclusivity of local firms in host developed country. Meanwhile, policies such as intellectual property rights to prevent the tech-leakage or tech-cloning driving out foreign capital must be implemented in developing countries. However, the policy makers are also concerned about the trade-off, in which attracting policy for foreign R&D capital may suppress the R&D activities of local firms and even drive them out (Erken et al. 2005).


















REFERENCES

Baltagi, B. and Wu, P. X. (1999), “Unequally spaced panel data regression with AR(1) disturbances”, Econometric Theory, 15, pp.814-823.
Bas, C. Le and Sierra, C. (2002), “‘Location versus Home Country Advantages’ in Research Activities: Some Further Results on Multinationals,” Locational Strategies, Research Policy, 31, pp.589-609.
Blomström, M. (1989), Foreign Investment and Spillovers, London; Routledge.
Blomström, M and Kokko, A (1997). “How foreign investment affects host countries”, Policy Research Working Paper, Washington D.C.: World Bank.
Borensztein, E., Gregorio, J.D. and Lee, J.W. (1998), “How does foreign direct investment affect economic growth?”, Journal of International Economics, 45, pp.115-135.
Breusch, T. S. and Pagan, A. R. (1980), “The langrange multiplier test and its applications to model specification in econometrics”, Review of Economic Studies, 47, pp.239-253.
Buckley, P.J. and Casson, M. (1976), The Future of the Multinational Enterprise, London; Macmillan.
Buckley, P.J., Clegg, J., Wang, C., and Cross, A.R.. (2002), “FDI, regional differences and economic growth: panel data evidence from China”, Transnational Corporations, 11(1), pp. 1-28.
Cantwell, J. and Piscitello, L. (2000), “Accumulating Technological Competence: Its Changing Impact on Corporate Diversification and Internationalization”, Industrial and Corporate Change, 9(1), pp.21-51. 
Cantwell, J. and Piscitello, L. (2002), “Agglomeration and Location of Foreign R&D Activities in the European Regions”, Competitive Paper,
Carlsson, B. (2006), "Internationalization of Innovation Systems: A Survey of the Literature", Research Policy, 35(1), pp.56-67.
Caves, Richard E. (1971), “The Industrial Economics of Foreign Investment”, Economica, New Series, Vol. 38, No. 149 (Feb., 1971), pp.1-27. 
Caves, Richard E. (1974), “Multinational Firms, Competition, and Productivity in Host-Country Markets”, Economica, New Series, Vol. 41, No. 162 (May., 1974), pp.176-193. 
Chaminade, C. and Vang, J. (2008), "Globalization of Knowledge Production and Regional Innovation Policy: Supporting Specialized Hubs in Bangalore Software Industry", Research Policy, 37, pp.1684-1696.
Chesbrough, H. (2003), Open Innovation: The New Imperative for Creating and Profiting from Technology, Boston: Harvard Business School Publishing Corporation.
Chung, W. (2001), “Indentifying Technology Transfer in Foreign Direct Investment: Influence of Industry Conditions and Investing Firm Motives”, Journal of International Business Studies, 32(2), pp. 211-229.
Cornet, M. and M. Rensman(2001), The Location of R&D in the Netherlands: Trends, Determinants, and Policy, CPB Netherlands Bureau for Economic Policy Analysis, CPB Document, Van Stolkweg 14, The Hague.
Dunning, John H. (1958), American Investment in British Manufacturing Industry, London: Allen and Unwin.
Economist Intelligence Unit (EIU) (2004), "Scattering the Seeds of Innovation," The Globalization of Research and Development, London: The Economist Intelligence Unit.
Economist Intelligence Unit (EIU) (2007), "Sharing the Idea: The Emergence of Global Innovation Networks," London: The Economist Intelligence Unit.
Edler, J., F. Meyer-Krahmer and G. Reger(2001), "Managing Technology in the Top R&D Spending Companies Worldwide: Results of a Global Survey," Engineering Management Journal, 13(1), pp.5-11.
Edquist, C. (1997), Systems of Innovation: Technologies, Institutions and Organizations, London: Printer Publishers.
Erken, H., Keijin, M., and Lantzendorffer, F. (2005), "Improving the R&D Investment Climate: Sharpening a Double-Edged Sword," Dutch Ministry of Economic Affairs, Research Series, No. 050121.
Etzkowithz, H. and Leydesdorff, L. (2000), "The Dynamics of Innovation: From National Systems and “Mode 2” to a Triple Helix of University-Industry-Government Relations", Research Policy, 29(3), pp.109-123
Florida, R. (1997), "The Globalization of R&D: Results of a Survey of Foreign-Affiliated R&D Laboratories in the USA," Research Policy, 26(1), pp.85-103.
Fors, Gunnar. (1998), “Locating R&D Abroad: The Role of Adaptation and Knowledge-Seeking”, In The Geography of Multinational Firms, Braunerhjelm P, Ekholm K (eds). Research Institute of Industrial Economics: Stockholm, pp. 117–134.
Globerman, S. (1979), “Foreign Direct Investment and ‘Spillover’ Efficiency Benefits in Canadian Manufacturing Industries”, The Canadian Journal of Economics, 12(1), pp. 42-56.
Guimón, Jóse(2008), "Government Strategies to Attract R&D-Intensive FDI," Global Forum on International Investment, 27-28 Mar 2008.
Guellec, D. and van Pottelsberghe, B. (2004), “From R&D to Productivity Growth: Do the Institutional Settings and the Source of Funds of R&D Matter? ”, CEB Working Paper, No 04/010, March 2004.
Håkanson, L. and Nobel, R. (1993), "Foreign Research and Development in Swedish Multinationals," Research Policy, 22(5-6), pp.373-396
Hymer, S.H. (1960), “The International Operation of National Firms: A Study of Direct Foreign Investment”, Ph.D. dissertation, MIT Press, 1976.
Hyun, Byung-Hwan (2005), “The Theory and Example Using The Patent Map”, 2005 Korean Academy of Marketing Science Spring Conference Collection.
Inzelt, A. (2008), "The Inflow of Highly Skilled Workers into Hungary: A By-product of FDI," The Journal of Technology Transfer, 33, pp422-438.
Kindleberger, C.P. (1969), American Business Abroad: Six Lectures on Direct Investment, Yale Univ. Press.
Kuemmerle, W. (1999), "Foreign Direct Investment in Industrial Research in the Pharmaceutical and Electronics Industries: Result from a Survey of Multinational Firms," Research Policy, 28, pp.179-193
Kumar, N. (2001), "Determinants of Location of Overseas R&D Activity of Multinational Enterprises: The Case of US and Japanese Corporations," Research Policy, 30, pp.159-174.
Lee, Keun and Kim, Byung-yeon (2009), "Both Institutions and Policies Matter but Differently for Different Income Groups of Countries: Determinants of Long-Run Economic Growth Revisited," World Development, 37(3), pp.533-549.
Levy, David M. & Terleckyj, Nestor E. (1983), "Effects of Government R&D on Private R&D Investment and Productivity: A Macroeconomic Analysis," The Bell Journal of Economics, Vol. 14, No. 2 (Autumn, 1983), pp. 551-561.
Ling. Y., Floyd, S. W., and Baldridge, D. C. (2005), “Towards a Model of Issue-selling by Subsidiary Managers in Multinational Organizations”, Journal of International Business Studies, 36(6), pp.637-654.
Lipsey, Richard G. (2000), “New Growth theories and Economic Policy for the Knowledge Economy” in Transition to the Knowledge Society, Rubenson Kjell and Hans G. Schuetze (eds.), Ottawa.
Mansfield, E. (1979), “Overseas Research and Development by US-Based Firms”, Economica, New Series, 46(182), pp. 187-196.
Mirza, H., Giroud, A., Jalilian, H., Weiss, J., Freeman, N. and Than, M. (2003), Regionalisation, Foreign Direct Investment and Poverty Reduction: The Case of ASEAN, Main Report, University of Bradford.
Mudambi, R. and Mudambi, S. (2005), "Multinational Enterprise Knowledge Flows: The Effect of Government Inward Investment Policy," Management International Review, 45, Special Issue 2, pp.155-178.
Neary, J.P. (1999), "R&D in Developing Countries: What Should Governments Do?", University College Dublin, Ecole Polytechnique, Paris: CEPR
Nelson, R. and Winter, S. (1982), An Evolutionary Theory of Economic Change, Cambridge: Harvard University Press.
Pain, N. and Lansbury, M. (1997), “Regional Economic Integration and Foreign Direct Investment: The Case of German Investment in Europe”, National Institute Economic Review, 160(87), pp. 87-99.
Pearce, R.D. (1999), "Decentralised R&D and Strategic Competitiveness: Gloalised Approaches to Generation and Use of Technology in Multinational Enterprises (MNEs)", Research Policy, 28, pp.157-178.
Rosenberg, N. (1982), Inside the Black Box: Technology and Economics, Cambridge: Cambridge University Press.
Rugman, A.M. (1981), “Research and Development by Multinational and Domestic Firms in Canada”, Canadian Public Policy 7, pp. 604-616. 
Simõoes, V. and Nevado, P. (2001), "MNE Centers of Excellence and Acquisitions: Long Evolutionary Paths or Capturing Opportunities?," Proceedings of the 27th EIBA Conference, Dec 2001, Paris.
UNCTAD (2000), World Investment Report, New York and Geneva: UN
UNCTAD (2001), World Investment Report, New York and Geneva: UN
UNCTAD (2005), World Investment Report, New York and Geneva: UN
Vernon, Raymond. (1966), “International Investment and International Trade in the Product Cycle”, The Quaterly Journal of Economics, 80(2), pp.190-207.
Wolde-Rufael, Yemane (2009), "Does Public R&D Crowd Out Private R&D?: A Note from Taiwan, ROC", Journal of Economic Development, 34(1).
Woodldrige, J. M. (2002), Econometric Analysis of Cross Section and Panel Data, MIT Press.
World Bank (2001), Global Economic Prospects and the Developing Countries 2001, Washington, D.C.; The World Bank.   








TABLE 1 Empirical results of a small selection of studies
	Study
	Object
	Year
	Location factors

	Hakånson and
Nobel (1993)
	Swedish MNCs
	1987
	Political factors; market proximity; tapping foreign state-of-the-art knowledge and skill; supporting industrial sites abroad

	Fors (1998)
	Swedish MNCs
	1987/1990
	Support of industrial facilities abroad; degree of technological specialization

	Florida (1997)
	MNCs in U.S.
	1997
	Access to high-quality scientific and technical human talent; development of links with the scientific and technological community

	Kumar (2001)
	U.S. and Japanese MNCs
	1982/1984/1994
	Market size; supply of R&D personnel; costs of R&D personnel; R&D intensity

	Cantwell&
Piscitello (2002)
	Patent data from the U.S.
	1987-1995
	Existence of sector-specific spillover effects specialized externalities; intersectional spillover effects; availability of external sources of knowledge

	Erken et al.
(2005)
	Foreign R&D investment influx in selected OECD countries
	1991-2001
	Availability of qualified personnel; international accessibility; quality of knowledge institutions; value added by foreign firms; stock of private R&D capital


Source: Reconstructed Table 2 of Erken et al.(2005)



Model 1: Level Analysis
	











Model 2: Intensity Analysis
	












TABLE 2 Variables and Sources Used in this Work
	
	Variable
	Description
	Data Source

	Dependent variable
	
	R&D investment by foreign MNCs
	UNESCO Institute for Statistics, Science & Technology Statistics

	Independent variables
	
	R&D investment by local private capital
	UNESCO Institute for Statistics, Science & Technology Statistics

	
	
	R&D investment by public capital
	UNESCO Institute for Statistics, Science & Technology Statistics

	
	
	Shares of patent grants by country of origin in the world total
	World Intellectual Property Organization (WIPO), Patent Statistics

	
	
	Number of R&D human resource
	UNESCO Institute for Statistics, Science & Technology Statistics

	
	
	Stock of FDI
	UNCTAD, FDI Statistics

	
	
	Gross domestic product
	IMF, WEO Database

	
	
	Exports
	WTO, Trade Statistics

	
	
	Population
	IMF, WEO Database



TABLE 3 Shares of R&D Investment in Developed and Developing Countries in 2007
	(%)
	Developed countries (12)
	Developing countries (8)
	Average (20)

	Private R&D
	54.1
	36.3
	45.2

	Public R&D
	32.7
	52.4
	42.5

	foreign R&D
	9.0
	8.1
	8.5

	Total
	95.7
	96.8
	96.3





TABLE 4 Correlations of Variables in Developed Countries
	
	
	
	
	
	
	
	
	

	
	1.00
	
	
	
	
	
	
	

	
	0.16**
	1.00
	
	
	
	
	
	

	
	0.44**
	0.90**
	1.00
	
	
	
	
	

	
	0.03
	0.96**
	0.81**
	1.00
	
	
	
	

	
	0.34**
	0.96**
	0.97**
	0.91**
	1.00
	
	
	

	
	0.78**
	0.12*
	0.39**
	-0.02
	0.26**
	1.00
	
	

	
	0.42**
	0.93**
	0.97**
	0.87**
	0.98**
	0.36**
	1.00
	

	
	0.48**
	0.69**
	0.86**
	0.57**
	0.78**
	0.59**
	0.81**
	1.00


Note: ** and * in the cells indicate the levels of significance of 5 and 10%, respectively.





TABLE 5 Correlations of Variables in Developing Countries
	
	
	
	
	
	
	
	
	

	
	1.00
	
	
	
	
	
	
	

	
	0.55**
	1.00
	
	
	
	
	
	

	
	0.85**
	0.86**
	1.00
	
	
	
	
	

	
	0.80**
	0.61**
	0.79**
	1.00
	
	
	
	

	
	0.82**
	0.72**
	0.86**
	0.96**
	1.00
	
	
	

	
	0.73**
	0.71**
	0.88**
	0.55**
	0.65**
	1.00
	
	

	
	0.85**
	0.80**
	0.96**
	0.86**
	0.92**
	0.85**
	1.00
	

	
	0.66**
	0.96**
	0.92**
	0.67**
	0.77**
	0.84**
	0.89**
	1.00


Note: ** and * in the cells indicate the levels of significance of 5 and 10%, respectively.
















TABLE 6 Level Analysis Results of Developed Countries
	
	
	
	
	
	

	　
	(1)
	(2)
	(3)
	(4)
	(5)

	　
	OLS
	FE
	RE
	FE with AR(1)
	RE with AR(1)

	Log of Private R&D
	0.6507 
	0.3341 
	0.4468 
	0.2553 
	0.5005 

	
	(5.31)***
	(2.15)**
	(3.48)***
	(1.25)
	(3.75)***

	Log of Public R&D
	0.5526 
	0.0345 
	0.1344 
	0.2683 
	0.0757 

	
	(3.64)***
	(0.25)
	(1.05)
	(1.33)
	(0.60)

	Share of Patent Grants
	-0.0622 
	-0.0230 
	-0.0343 
	-0.0719 
	-0.0748 

	
	(-4.64)***
	(-1.18)
	(-1.97)**
	(-1.95)*
	(-4.15)***

	Log of R&D HR
	-0.2991 
	0.4978 
	0.2196 
	-0.3862 
	0.0928 

	
	(-1.40)
	(1.99)**
	(1.09)
	(-1.47)
	(0.43)

	Log of FDI stock
	0.6095 
	0.1648 
	0.2689 
	0.0710 
	0.2342 

	
	(5.97)***
	(2.03)**
	(3.60)***
	(0.53)
	(2.57)***

	Log of GDP
	0.2973 
	-0.2376 
	-0.3231 
	-0.1159 
	0.1359 

	
	(1.24)
	(-0.85)
	(-1.35)
	(-0.36)
	(0.52)

	Log of Export
	-0.9279 
	0.6953 
	0.4020 
	0.6576 
	0.0501 

	
	(-6.20)***
	(3.66)***
	(2.30)**
	(2.40)**
	(0.25)

	Constant
	-0.2488 
	-9.6623 
	-4.8139 
	-1.0170 
	-4.7045 

	　
	(-0.25)
	(2.15)***
	(-2.57)***
	(-3.94)***
	(-2.72)***

	Number of observations
	237 
	237 
	237 
	208 
	237 

	R2
	0.7823 
	0.6285 
	0.6787 
	0.5730 
	0.7263 

	Hausman Test
	
	35.01 
	
	
	10.61 

	　
	　
	(0.0000)
	　
	　
	-0.1564 

	Note: 
	
	
	
	
	

	1. The dependent variable is log of Foreign R&D investment
	
	

	2. t-Value is in parentheses for OLS and FEs. z-Value is in parentheses for REs. P-value is in parentheses for Hausman test.

	3. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10%, respectively.




TABLE 7 Intensity Analysis Results of Developed Countries
	
	
	
	
	
	

	　
	(1)
	(2)
	(3)
	(4)
	(5)

	　
	OLS
	FE
	RE
	FE with AR(1)
	RE with AR(1)

	Private R&D/GDP
	-0.0290 
	0.0450 
	0.0273 
	0.0691 
	0.0379 

	
	(-1.73)*
	(1.88)*
	(1.36)
	(2.23)**
	(1.84)*

	Public R&D/GDP
	0.1613 
	-0.1061 
	-0.0476 
	-0.0635 
	-0.0542 

	
	(4.04)***
	(-2.10)**
	(-1.05)
	(-1.13)
	(-1.23)

	Share of Patent Grants
	-0.0040 
	-0.0007 
	-0.0030 
	-0.0004 
	-0.0036 

	
	(-3.77)***
	(-0.31)
	(-1.67)*
	(-0.10)
	(-2.02)**

	R&D HR
	0.1733 
	0.1393 
	0.1601 
	0.0859 
	0.1474 

	/Population
	(3.60)***
	(2.52)**
	(3.22)***
	(0.96)
	(2.49)**

	FDI stock/GDP
	0.0034 
	0.0001 
	0.0000 
	-0.0003 
	0.0000 

	
	(1.60)
	(0.35)
	(0.10)
	(-1.16)
	(-0.17)

	Export/GDP
	-0.0008 
	0.0001 
	0.0001 
	0.0009 
	0.0000 

	
	(-2.13)**
	(0.23)
	(0.13)
	(1.39)
	(0.10)

	Constant
	-0.0020 
	0.0587 
	0.0496 
	0.0280 
	0.0518 

	
	(-0.10)
	(2.03)**
	(1.59)
	(2.41)**
	(1.53)

	Number of observations
	237 
	237 
	237 
	208 
	237 

	R2
	0.3534 
	0.0311 
	0.2006 
	0.0216 
	0.1934 

	Hausman Test
	
	
	8.52 
	
	9.71 

	　
	　
	　
	(0.2021)
	　
	(0.1374)

	Note: 
	

	1. The dependent variable is the Foreign R&D investment per GDP
	

	2. t-Value is in parentheses for OLS and FEs. z-Value is in parentheses for REs. P-value is in parentheses for the Hausman test.
	

	3. ***, **, and * in the cells indicate the levels of significance of 1, 5 and 10%, respectively.

	




TABLE 8 Level Analysis Results of Developing Countries
	　
	(1)
	(2)
	(3)

	　
	OLS
	FE
	RE

	Log of Private R&D
	0.0460 
	-0.3061 
	-0.1260 

	
	(0.55)
	(-2.28)**
	(-1.36)

	Log of Public R&D
	0.5989 
	0.7544 
	0.7085 

	
	(5.34)***
	(5.24)***
	(5.63)***

	Share of Patent Grants
	0.6334 
	0.0584 
	0.2326 

	
	(6.25)***
	(0.36)
	(1.64)*

	Log of R&D HR
	0.0213 
	-0.3044 
	-0.0854 

	
	(0.23)
	(-1.21)
	(-0.69)

	Log of FDI stock
	0.4561 
	0.3237 
	0.5176 

	
	(4.64)***
	(2.52)**
	(5.21)***

	Log of GDP
	-0.4000 
	0.7867 
	0.1686 

	
	(-3.62)***
	(2.52)**
	(0.83)

	Log of Export
	-0.1381 
	-0.1793 
	-0.3091 

	
	(-1.13)
	(-0.77)
	(-1.73)*

	Constant
	0.5049 
	-6.9912 
	-3.4304 

	　
	(0.56)
	(-1.94)*
	(-2.27)**

	Number of observations
	191 
	191 
	191 

	R2
	0.7318 
	0.4865 
	0.6484 

	Hausman Test
	
	68.69 
	

	　
	　
	(0.0000)
	　

	Note: 
	
	
	

	1. The dependent variable is log of Foreign R&D investment
	

	2. t-Value is in parentheses for OLS and FEs. z-Value is in parentheses for REs. P-value is in parentheses for the Hausman test.

	3. ***, **, and * in the cells indicate the levels of significance of 1, 5 and 10%, respectively.




TABLE 9 Intensity Analysis Results of Developing Countries
	　
	(1)
	(2)
	(3)
	(4)
	(5)

	　
	OLS
	FE
	RE
	FE with AR(1)
	RE with AR(1)

	Private R&D/GDP
	0.0614 
	-0.0051 
	0.0074 
	-0.0773 
	-0.0021 

	
	(2.87)***
	(-0.16)
	(0.32)
	(-2.02)**
	(-0.09)

	Public R&D/GDP
	-0.0180 
	0.0633 
	0.0534 
	0.0598 
	0.0642 

	
	(-0.78)
	(2.23)**
	(2.22)**
	(2.06)**
	(2.71)***

	Share of Patent Grants
	-0.0172 
	-0.0013 
	-0.0051 
	0.0004 
	-0.0038 

	
	(-4.25)***
	(-0.22)
	(-1.05)
	(0.07)
	(-0.88)

	R&D HR
	0.1573 
	0.0784 
	0.1041 
	0.2518 
	0.1009 

	/Population
	(6.92)***
	(1.11)
	(2.99)***
	(2.89)***
	(3.19)***

	FDI stock/GDP
	0.0007 
	0.0008 
	0.0007 
	0.0004 
	0.0005 

	
	(5.88)***
	(5.79)***
	(5.69)***
	(1.64)
	(3.44)***

	Export/GDP
	0.0001 
	0.0002 
	0.0001 
	0.0009 
	0.0002 

	
	(1.00)
	(0.54)
	(0.61)
	(2.05)**
	(1.07)

	Constant
	-0.0164 
	-0.0211 
	-0.1696 
	-0.0460 
	-0.0158 

	
	(-3.19)***
	(-1.31)
	(-1.78)*
	(-6.46)***
	(-1.69)*

	Number of observations
	191 
	191 
	191 
	162 
	191 

	R2
	0.4923 
	0.4363 
	0.4532 
	0.3174 
	0.4361 

	Hausman Test
	
	144.87 
	
	16.32 
	

	　
	　
	(0.0000)
	　
	(0.0121)
	　

	Note: 

	1. The dependent variable is the Foreign R&D investment per GDP

	2. t-Value is in parentheses for OLS and FEs. z-Value is in parentheses for REs. P-value is in parentheses for the Hausman test.

	3. ***, **, and * in the cells indicate the levels of significance of 1, 5 and 10%, respectively.




TABLE 10 Sign of Results
	
	Private R&D investment
	Public R&D investment
	Level of Technology
	R&D human resource
	Stock of FDI
	GDP
	Export

	Developed country
	Level
	(+)
	-
	(-)
	-
	(+)
	-
	-

	
	Intensity
	(+)
	-
	(-)
	(+)
	-
	.
	-

	Developing country
	Level
	(-)
	(+)
	-
	-
	(+)
	(+)
	-

	
	Intensity
	(-)
	(+)
	-
	(+)
	-
	.
	(+)


Note: - and • in the cells indicate no significant and the excluded variable, respectively.
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