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Technological advancement is an important instrument for economic and technological development, but most countries receive the benefits of innovation and new technologies through technology transfer. Previous studies typically consider direct linkages in order to understand technological advancement without paying much attention to indirect linkages, such as the interconnectivity of the recipients of Foreign Direct Investment (FDI). To understand the relationship between FDI and technological advancement and whether recipients' absorptive capacity matters, we model global FDI networks for the period 2009-2016. We find empirical evidence that the global FDI network has a core-periphery structure, and that core countries are more technologically developed than peripheral countries. We also find empirical evidence that a country's centrality of position in the global FDI network is positively associated with the technological advancement of a country, and that the absorptive capacity of a country can moderate this relationship. Regression analyses using instrumental variable estimators confirm the robustness of our findings. The most striking finding of our research is the strong moderation effect of knowledge intensity, a constituent of absorptive capacity. This finding provides a nuanced understanding of absorptive capacity, demonstrating the ways a country can benefit from FDI by reshaping the factors related to absorptive capacity.

Introduction

Although technological innovation has long been considered an important instrument for economic and technological development [START_REF] Hofmann | The impact of international trade and FDI on economic growth and technological change[END_REF][START_REF] Findlay | Relative backwardness, direct foreign investment, and the transfer of technology: a simple dynamic model[END_REF][START_REF] Xu | Multinational enterprises, technology diffusion, and host country productivity growth[END_REF]Lall and Narulla, 2004;[START_REF] Porter | The competitive advantage of notions[END_REF]2000;[START_REF] Grossman | Innovation and growth in the global economy[END_REF][START_REF] Volberda | Perspective-Absorbing the concept of absorptive capacity: How to realize its potential in the organization field[END_REF], innovating technology, despite the obvious benefits, is costly and not all countries can afford to implement it. For instance, [START_REF] Mudambi | Location, control and innovation in knowledge-intensive industries[END_REF] points out that high value-added activities, such as R&D and marketing, are performed regularly in developed countries whereas foreign sources of technology account for 90% or more of domestic productivity growth for middle-income and low-income countries [START_REF] Keller | International technology diffusion[END_REF][START_REF] Keller | International trade, foreign direct investment, and technology spillovers[END_REF]. Foreign Direct Investment (FDI), among other channels, is frequently used to transfer new technologies across country borders (Blomstrom and [START_REF] Blomström | How Foreingn Investment Affects Hose Countries[END_REF][START_REF] Borensztein | How does foreign direct investment affect economic growth?[END_REF][START_REF] Baranson | Technology transfer through the international firm[END_REF].

The emerging literature on network perspective in inter-country interactions suggests that the transfer of knowledge and technology may be facilitated by recipients' embeddedness in networks and spatial proximity to network partners (Firtsch and Kauffeld-Monz, 2010;[START_REF] Kali | Financial contagion on the international trade network[END_REF][START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF][START_REF] Dhanaraj | Managing tacit and explicit knowledge transfer in IJVs: the role of relational embeddedness and the impact on performance[END_REF][START_REF] Volberda | Perspective-Absorbing the concept of absorptive capacity: How to realize its potential in the organization field[END_REF][START_REF] Easley | Networks, crowds, and markets: Reasoning about a highly connected world[END_REF]. However, most empirical studies focus on the direct linkages between countries in order to measure technological advancement [START_REF] Liu | Does foreign direct investment facilitate technological progress?: Evidence from Chinese industries[END_REF][START_REF] Helpman | R&D and productivity: the international connection[END_REF][START_REF] De La Potterie | Does foreign direct investment transfer technology across borders?[END_REF][START_REF] Xu | Multinational enterprises, technology diffusion, and host country productivity growth[END_REF][START_REF] Girma | Absorptive capacity and productivity spillovers from FDI: a threshold regression analysis[END_REF][START_REF] Khalifah | FDI productivity spillovers and the technology gap in Malaysia's electrical and electronic industries[END_REF], but do not analyze the effects of indirect linkages among countries. For instance, most of the literature does not address how countries are connected in a global FDI network; or, how technology transfers occur in this network, and whether or not countries' individual positions in this global network impact their technological development. Moreover, researchers have hitherto used industry-level or firm-level data [START_REF] Ghoshal | The multinational corporation as an interorganizational network[END_REF]Bartlett, 1990, Schoeneman et al., 2017) to measure spillover effects from FDI. At the country level, nearly all such studies have been single country case studies, which are difficult to generalize when conducting comparative research.

Given the existing limitations in the literature on FDI and technology transfers, a social network analysis of global FDI network can be a useful approach in which to assess the intensity of FDI linkages among different countries, as well as the process of knowledge transfer. This is because it provides a systematic view of how countries are linked via FDI flows [START_REF] Simon | Underground, upperground et middle-ground: les collectifs créatifs et la capacité créative de la ville[END_REF]. Therefore, the purpose of this research is to model a global FDI network based on the data on FDI flows and to evaluate how a country's embeddedness in this network is related to its technological advancement.

And yet attention must also be drawn to the fact that the relationship between technological advancement and FDI is not entirely straightforward [START_REF] Khalifah | FDI productivity spillovers and the technology gap in Malaysia's electrical and electronic industries[END_REF][START_REF] Ferragina | FDI spillovers on firm survival in Italy: absorptive capacity matters![END_REF][START_REF] Agosin | Foreign investment in developing countries: does it crowd in domestic investment?[END_REF]. Current literature suggests that the absorptive capacity of the receiver, past experiences, and the degree of priorrelated knowledge are some of the most important factors that influence the success of knowledge transfer [START_REF] Volberda | Perspective-Absorbing the concept of absorptive capacity: How to realize its potential in the organization field[END_REF]. Therefore, we also explore the moderating features of a country's absorptive capacity.

Even though earlier studies suggest that causal mechanisms underlying the advancement of technological change are difficult to identify [START_REF] Podolny | A role-based ecology of technological change[END_REF][START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF], and that we may be unable to determine the causal link between FDI and technological development [START_REF] Cohen | Applied multiple regression/correlation analysis for the behavioral sciences[END_REF], our analysis provides us with enough empirical evidence to argue that a country's centrality position in the global FDI network helps them achieve technological superiority. Since we study the global FDI network instead of focusing on a single country, we believe the findings of our study are largely generalizable.

This paper offers a multifaceted contribution to the existing International Business literature. Our study is the first to apply a network analysis approach to the global FDI flows, and to conduct a regression analysis in order to understand the relationship between network centrality position and technological superiority of a country, while accounting for the moderation effect of absorptive capacity. The findings we have made here are also important for policymakers. Based on the results of our analysis, future policymakers can focus on the development of appropriate absorptive capacity indicators, as well as enhancing their position in the global FDI network by concentrating on building FDI relationships with more central, and therefore key, players.

The remainder of the paper is structured as follows: in the next section, the literature on network analysis, technological advancement through FDI, innovation systems, and absorptive capacity is reviewed to develop hypotheses. The subsequent section describes the data and research methodology. Next, we report and discuss the results. Finally, the paper concludes by shedding light on the limitations of the current analysis, while suggesting future research directions, as well as highlighting the contributions made here on the literature.

Literature review and hypotheses development

There has been a growing interest and enthusiasm about the connectedness of people, firms, organizations, societies, and countries [START_REF] Turkina | Structure and evolution of global cluster networks: evidence from the aerospace industry[END_REF][START_REF] Turkina | Global connectedness and local innovation in industrial clusters[END_REF]Kali andReyes, 2007, 2010;[START_REF] Jackson | Social and economic networks[END_REF][START_REF] Easley | Networks, crowds, and markets: Reasoning about a highly connected world[END_REF]Albert and Barabasi, 2002;Goyal, 2012 among others). The core of this interest, among other factors, is the idea of network -a pattern of interconnections among a set of nodes [START_REF] Schiavo | International trade and financial integration: a weighted network analysis[END_REF][START_REF] Jackson | Social and economic networks[END_REF][START_REF] Easley | Networks, crowds, and markets: Reasoning about a highly connected world[END_REF]. The nodes might refer to individual people, organizations, or countries. For instance, here we consider countries as nodes and the existence of an FDI relationship between two countries as network linkages [START_REF] Jackson | Social and economic networks[END_REF]. There can be many different structures in a network -some of these nodes could be closely connected while other nodes could be sparsely positioned and dispersed away from one another, for example, resulting in a core-periphery structure of the overall network [START_REF] Easley | Networks, crowds, and markets: Reasoning about a highly connected world[END_REF]Bolivar et al., 2019;[START_REF] Kali | The architecture of globalization: a network approach to international economic integration[END_REF].

Network analysis approach has been effectively used in many fields of study to understand the transfer of ideas, disease, pollution, and other applicable phenomena. [START_REF] Goyal | Social networks on the Web. The Oxford handbook of the digital economy[END_REF][START_REF] Jackson | Social and economic networks[END_REF]Albert and Barabasi, 2002;[START_REF] Deng | International direct investment and transboundary pollution: An empirical analysis of complex networks[END_REF]. The most recent use of network analysis approach, specific to International Business literature, is found in examples like the work of [START_REF] Turkina | Global connectedness and local innovation in industrial clusters[END_REF] who explore the effect of inter-cluster networks on cluster innovation; they find that cluster-network position has important implications for innovation. There is also the work of [START_REF] Ferrier | Technology Diffusion on the International Trade Network[END_REF] who analyze the effect of the trade network in technology transfer and find that better connected countries in the trade network have higher technology intensity.

Network perspective in FDI

It has become apparent in the existing literature that FDI is not uniformly distributed worldwide, and that it tends to flow where the environment is most convenient [START_REF] Dunning | The eclectic paradigm of international production: A restatement and some possible extensions[END_REF][START_REF] Dunning | The eclectic (OLI) paradigm of international production: past, present and future[END_REF]. There are several countries, and even regions within a country, that attract relatively more FDI than others [START_REF] Casi | Spatial complexity and interactions in the FDI attractiveness of regions[END_REF]. FDI is vital for economic development because when foreign investors establish production and R&D facilities in a location, they get into business and establish linkages with other local actors, all of which is a process that eventually leads to technology transfer [START_REF] Keller | International trade, foreign direct investment, and technology spillovers[END_REF][START_REF] Ritchie | Foreign direct investment and intellectual capital formation in Southeast Asia[END_REF][START_REF] Lall | Foreign direct investment and its role in economic development: do we need a new agenda?[END_REF][START_REF] Borensztein | How does foreign direct investment affect economic growth?[END_REF][START_REF] Grossman | Innovation and growth in the global economy[END_REF].

Moreover, the benefit is greater when actors from a knowledge-intensive location connect to foreign-knowledge hotspots [START_REF] Turkina | Global connectedness and local innovation in industrial clusters[END_REF], and a contract between similar actors occurs at a higher rate than among dissimilar actors [START_REF] Mcpherson | Birds of a feather: Homophily in social networks[END_REF]. In this context, a social network analysis will provide valuable information about the specific capabilities and reliability of actors since an actor can evaluate potential partners based on their network positions [START_REF] Podolny | A Status-Based Model of Market Competition[END_REF][START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF][START_REF] Goyal | Social networks on the Web. The Oxford handbook of the digital economy[END_REF][START_REF] Jackson | Social and economic networks[END_REF].

A powerful position in the network depends not only on the number of connections providing different options, but also on more subtle features, such as the power of other nodes to which a specific node may be connected [START_REF] Easley | Networks, crowds, and markets: Reasoning about a highly connected world[END_REF]Dyer & Sing, 1998;[START_REF] Gulati | Social structure and alliance formation patterns: A longitudinal analysis[END_REF][START_REF] Bonacich | Power and centrality: A family of measures[END_REF][START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF]Baum et al., 2005 among others). Belonging to the core of the network is associated with various positive evaluations such as prestige, honor, influence, superior access to information, control of resources, and rank and power differentials of the various actors in the network [START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF][START_REF] Podolny | A Status-Based Model of Market Competition[END_REF][START_REF] Ibarra | Power, social influence, and sense making: Effects of network centrality and proximity on employee perceptions[END_REF][START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF][START_REF] Gulati | Social structure and alliance formation patterns: A longitudinal analysis[END_REF][START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF][START_REF] Lin | Alliance partners and firm performance: resource complementarity and status association[END_REF]. Consequently, the central position of an actor in a network is a powerful source of competitive advantage [START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF][START_REF] Baum | Dancing with strangers: Aspiration performance and the search for underwriting syndicate partners[END_REF][START_REF] Mazzola | Change Is Good, But Not Too Much: Dynamic Positioning in the Interfirm Network and New Product Development[END_REF].

Therefore, from the network analysis perspective, we expect that the countries that receive more FDI have better network centrality position and, as a consequence, they also possess superior technology since FDI is a major channel of technology transfer. In the next two sections, we develop a theoretical framework for the relationship between the global FDI network and technology spillovers as well as embark upon a discussion of the factors that affect this relationship.

The global FDI network and technological superiority

FDI is considered a gateway to advanced technology for host countries [START_REF] Liu | Does foreign direct investment facilitate technological progress?: Evidence from Chinese industries[END_REF] because it makes the technology embodied in foreign knowledge available that would otherwise have been costly and inaccessible [START_REF] Helpman | R&D and productivity: the international connection[END_REF]. The literature on technological advancement suggests that the international transfer of technology is strongly connected to FDI [START_REF] Helpman | R&D and productivity: the international connection[END_REF][START_REF] Lall | Foreign direct investment and its role in economic development: do we need a new agenda?[END_REF][START_REF] Kokko | Foreign direct investment, host country characteristics and spillovers[END_REF][START_REF] Radosevic | International technology transfer and catch-up in economic development[END_REF][START_REF] Baranson | Technology transfer through the international firm[END_REF][START_REF] Farhang | Managing technology transfer to China: conceptual framework and operational guidelines[END_REF]1997;Blomstrom and Kokko, 1999;[START_REF] Keller | International technology diffusion[END_REF][START_REF] Grossman | Innovation and growth in the global economy[END_REF][START_REF] Crespo | Determinant factors of FDI spillovers-what do we really know?[END_REF][START_REF] Sinani | Spillovers of technology transfer from FDI: the case of Estonia[END_REF][START_REF] Teece | Technology transfer by multinational firms: The resource cost of transferring technological know-how[END_REF]. [START_REF] Aitken | Do domestic firms benefit from direct foreign investment? Evidence from Venezuela[END_REF] even find that the share of foreign equity is particularly high in high-tech sectors. To promote technology upgrades among local actors, foreign investors offer various training programs and technical assistance when necessary [START_REF] Djulius | Foreign Direct Investment and Technology Transfer: Knowledge Spillover in the Manufacturing Sector in Indonesia[END_REF][START_REF] Findlay | Relative backwardness, direct foreign investment, and the transfer of technology: a simple dynamic model[END_REF][START_REF] Narula | FDI spillovers, absorptive capacities and human capital development: evidence from Argentina[END_REF]Sinani and Meyers, 2004;[START_REF] Aitken | Do domestic firms benefit from direct foreign investment? Evidence from Venezuela[END_REF][START_REF] Jordaan | Foreign Direct Investment and Technology Transfers to Local Suppliers: Identifying the effects of type of ownership and the technology gap[END_REF][START_REF] Caves | Multinational enterprise and economic analysis[END_REF].

The more quickly foreign firms enter the country and establish linkages with local firms, the more rapidly the process of technology transfer and technological advancement will occur as a result of local firms' exposure to, and newfound familiarity with, new technology (Gorg and Greenaway, 2004). Technology spillover occurs through both backward linkages and forward linkages, and also within and across industries [START_REF] Liu | Foreign direct investment and technology spillovers: Theory and evidence[END_REF]. [START_REF] Lall | Foreign direct investment and its role in economic development: do we need a new agenda?[END_REF] point out that FDI transfers technology to local firms in four ways: backward linkages, labor turnover, forward linkages, and international technology spillovers. In a similar vein, [START_REF] Saggi | Trade, foreign direct investment, and international technology transfer: A survey[END_REF] finds evidence for the positive relationship between FDI and economic growth while focusing on three potential channels of technology spillover: demonstration, labor turnover, and vertical linkages. Actors in central positions in a network can improve new product development performance over time [START_REF] Mazzola | Change Is Good, But Not Too Much: Dynamic Positioning in the Interfirm Network and New Product Development[END_REF]. Consequently, the technology level of a country is assumed to be better if the country effectively attracts FDI. In this study, we argue that a country's centrality position in the global FDI network is associated with its possession and use of superior technology.

Traditionally, researchers studied FDI from an investors' perspective -the possible and specific advantages there are for investors in a particular location (i.e., location advantages or complementary assets). However, when we consider such locationspecific factors as the absorptive capacity of the receiver, the situation becomes more complex. Earlier, studies point out the difficulty in determining causality: for instance, [START_REF] Cohen | Applied multiple regression/correlation analysis for the behavioral sciences[END_REF] note that we cannot logically determine the causality relationship between FDI and factors of location. Thus, it is possible that the embeddedness of a country in the global FDI network allows the country to improve its level of technology, but it is also possible that improvements made in a country's technology level allow the firms therein to conduct more FDI activities in other knowledge hotspots or large markets. [START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF] argue that from a network perspective, it is possible that the network centrality position and technology of a country have a complementary effect. However, even though there have been convoluted suggestions made about the causality relationship between FDI and technological advancements [START_REF] Podolny | A role-based ecology of technological change[END_REF][START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF][START_REF] Cohen | Applied multiple regression/correlation analysis for the behavioral sciences[END_REF], we argue here for the possibility of a causal link between the position of a country in a global FDI network and its technological superiority. A country arguably benefits from receiving FDI in terms of the access it will have to the advanced technology of the investor (i.e., the more FDI a country receives, the more advanced the technological level of the country, making it superior to other regions). A significant amount of the literature reviewed above supports the idea that FDI is a major channel to transfer technology, and that the host countries, depending on their absorptive capacity, eventually bring in new technologies accompanied by FDI [START_REF] Lall | Foreign direct investment and its role in economic development: do we need a new agenda?[END_REF][START_REF] Baranson | Technology transfer through the international firm[END_REF][START_REF] Farhang | Managing technology transfer to China: conceptual framework and operational guidelines[END_REF]1997;Blomstrom and Kokko, 1999;[START_REF] Crespo | Determinant factors of FDI spillovers-what do we really know?[END_REF]Sinani and Meyer, 2004 among others). From the perspective of technology spillover, FDI must come first to a country -so that the country can absorb the attendant technology. There is also significant technical research in network analysis literature in the fields of physics and mathematics, and with regard to network embeddedness in these domains, the predominant argument is that the network position of a node has an important effect on its attributes, with more central actors usually having higher scores on different parameters [START_REF] Fortunato | Community detection in graphs[END_REF]. We summarize this discussion in the following hypothesis: Hypothesis 1: A country's centrality position in the global FDI network is positively associated with the country's technological superiority.

Moderating effects of absorptive capacity

From the literature reviewed in earlier sections, we know that some countries are more technologically developed than others; some countries receive more FDI than other countries receive; and, FDI is a major channel of technology transfer. We know, however, that the countries that receive FDI demonstrate significant differences in their capacities to absorb the attendant technology. Therefore, while FDI is positively associated with innovation efficiency in a host region, the strength of the positive effect of FDI depends on the availability of the absorptive capacity and the presence of innovation-related complementary assets in the host region [START_REF] Fu | Foreign direct investment, absorptive capacity and regional innovation capabilities: evidence from China[END_REF]Cohen andLevinthal, 1989, 2000;[START_REF] Zahra | Absorptive capacity: A review, reconceptualization, and extension[END_REF][START_REF] Kostopoulos | Absorptive capacity, innovation, and financial performance[END_REF][START_REF] Mowery | Inward technology transfer and competitiveness: the role of national innovation systems[END_REF][START_REF] Hermes | Foreign direct investment, financial development and economic growth[END_REF][START_REF] Bathelt | The creation of knowledge: local building, global accessing and economic development-toward an agenda[END_REF][START_REF] Liu | Under what institutional conditions does overseas business knowledge contribute to firm performance?[END_REF]. [START_REF] Cohen | Innovation and learning: the two faces of R & D[END_REF] define the absorptive capacity as the recipient's ability to identify, assimilate, and exploit knowledge from their environment. Their work emphasizes the interpretation that these capacities are largely a function of prior related knowledge. The issue of firms' absorptive capacity within and across sectors has been widely studied in the literature on FDI and spillover effects [START_REF] Findlay | Relative backwardness, direct foreign investment, and the transfer of technology: a simple dynamic model[END_REF]Blomstrom and Kokko, 1999;[START_REF] Kokko | Foreign direct investment, host country characteristics and spillovers[END_REF]1994;[START_REF] Saggi | Trade, foreign direct investment, and international technology transfer: A survey[END_REF][START_REF] Jordaan | Foreign Direct Investment and Technology Transfers to Local Suppliers: Identifying the effects of type of ownership and the technology gap[END_REF][START_REF] Girma | Absorptive capacity and productivity spillovers from FDI: a threshold regression analysis[END_REF][START_REF] Gugler | FDI effects on national competitiveness: A cluster approach[END_REF][START_REF] Volberda | Perspective-Absorbing the concept of absorptive capacity: How to realize its potential in the organization field[END_REF]Amesse and Cohendet, 2001 among others).

A successful transfer of technology requires that the recipient will develop various abilities to acquire a tacit knowledge [START_REF] Baranson | Technology transfer through the international firm[END_REF][START_REF] Farhang | Managing technology transfer to China: conceptual framework and operational guidelines[END_REF][START_REF] Teece | Technology transfer by multinational firms: The resource cost of transferring technological know-how[END_REF][START_REF] Jordaan | Foreign Direct Investment and Technology Transfers to Local Suppliers: Identifying the effects of type of ownership and the technology gap[END_REF][START_REF] Fritsch | The impact of network structure on knowledge transfer: an application of social network analysis in the context of regional innovation networks[END_REF][START_REF] Cohen | Innovation and learning: the two faces of R & D[END_REF][START_REF] Narula | FDI spillovers, absorptive capacities and human capital development: evidence from Argentina[END_REF][START_REF] Ferragina | FDI spillovers on firm survival in Italy: absorptive capacity matters![END_REF][START_REF] Borensztein | How does foreign direct investment affect economic growth?[END_REF][START_REF] Crespo | Determinant factors of FDI spillovers-what do we really know?[END_REF][START_REF] Ernst | Global production networks, knowledge diffusion, and local capability formation[END_REF].

The literature suggests that technology transfer is not solely about transferring proprietary information and rights to other firms. Transferring tacit technology involves the passing on of both technological information and the capacity to master that specific technology. And, the successful transfer of technology requires various investments in learning and teaching in order to facilitate the acquisition of such tacit knowledge [START_REF] Baranson | Technology transfer through the international firm[END_REF][START_REF] Farhang | Managing technology transfer to China: conceptual framework and operational guidelines[END_REF][START_REF] Teece | Technology transfer by multinational firms: The resource cost of transferring technological know-how[END_REF]. Moreover, the technological learning process is needed to assimilate and internalize the transferred technology [START_REF] Lin | Technology transfer as technological learning: a source of competitive advantage for firms with limited R&D resources[END_REF].

Thus, reading what is published or codified knowledge is simply inadequate when this is done in the absence of prior related knowledge [START_REF] Fabrizio | Absorptive capacity and the search for innovation[END_REF][START_REF] Amesse | Technology transfer revisited from the perspective of the knowledge-based economy[END_REF]Gorg and Greenaway, 2004). The net benefit of foreign direct investment depends on the absorptive capacity of domestic firms, and positive externalities arise only when domestic firms possess an element of competitiveness [START_REF] Ferragina | FDI spillovers on firm survival in Italy: absorptive capacity matters![END_REF][START_REF] Marin | Technology spillovers from foreign direct investment (FDI): the active role of MNC subsidiaries in Argentina in the 1990s[END_REF]. Therefore, only receiving a substantial amount of FDI and being central in global FDI flows does not ensure maximum benefit for the host countries. In other words, the connection between knowledge spillover from FDI and technological advancement is moderated by the recipient's level of absorptive capacity [START_REF] Liu | Foreign direct investment and technology spillovers: Theory and evidence[END_REF][START_REF] Borensztein | How does foreign direct investment affect economic growth?[END_REF][START_REF] Nieto | Absorptive capacity, technological opportunity, knowledge spillovers, and innovative effort[END_REF].

However, almost all the studies on technological advancement and absorptive capacity in different countries have been done using firm-level or industry-level data.

Thus, there is no standard measurement that permits operational use of the variable absorptive capacity at the country level. Relying on the literature that takes into perspective the R&D interests of different parties and stakeholders, the importance of diverse knowledge, and the importance of communication to make such knowledge useful [START_REF] Hidalgo | The product space conditions the development of nations[END_REF][START_REF] Perugini | FDI, R&D and human capital in Central and Eastern European countries[END_REF][START_REF] Pisano | Restoring America's Competitiveness[END_REF][START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF], we use R&D, human capital, and knowledge intensity as the determinants of absorptive capacity at the country level. If a country is generating substantial amounts of R&D, it is capable of producing more technologically advanced products [START_REF] Hidalgo | The product space conditions the development of nations[END_REF] and has stronger capacity to absorb technology from the incoming FDI. In a similar vein, it follows that a country's volume of knowledge, which is embedded in the productive structure of its economy, defines the complexity of its products [START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF]; and, consequently, this should enhance the country's capacity to learn complex knowledge from incoming FDI. Finally, human capital is an important element of the absorptive capacity [START_REF] Perugini | FDI, R&D and human capital in Central and Eastern European countries[END_REF][START_REF] Pisano | Restoring America's Competitiveness[END_REF], since the education and knowledge levels of individual workers determines their capacity to interact with their foreign peers and learn from them, as well as exchange valuable information.

Hypothesis 2: The absorptive capacity of a country positively moderates the relationship between the country's network centrality position and technological superiority of the country.

We can graphically summarize our theoretical framework as follows: 

Methodology and data description

Though most studies use contemporaneous information about foreign presence in one or several countries to measure FDI spillover effect, this study uses panel data. Panel data studies allow us to understand changes over time (Gorg and Greenaway, 2004;[START_REF] Volberda | Perspective-Absorbing the concept of absorptive capacity: How to realize its potential in the organization field[END_REF]. We use bilateral FDI data about total foreign direct investment stock in the partner countries from 2009 to 2016, available in the Coordinated Direct Investment Survey (CDIS) conducted by the International Monetary Fund (IMF). FDI stock measures the magnitude of foreign presence by combining equity capital and reinvested earnings in addition to identical financial flows of assets and liabilities, and does this with more precision than FDI flows [START_REF] Xu | Trade, FDI, and international technology diffusion[END_REF][START_REF] Perugini | FDI, R&D and human capital in Central and Eastern European countries[END_REF]. Thus, FDI stock positions can be negative since the net positions are considered. Information on the Networked Readiness Ranking (NRR, 1=best), total trade, GDP per capita, property rights, human capital, and R&D expenditure all come from the Euromonitor International databases. In addition to these, the paper extracted economic complexity data from the Economic Complexity Observatory [START_REF] Simoes | The Economic Complexity Observatory: An Analytical Tool for Understanding the Dynamics of Economic Development[END_REF]. We use the UCINET H1: Network Centrality Position Technology H2: Absorptive Capacity software to plot graphs of binary networks, to perform core-periphery analysis, and to perform eigenvector centrality analysis. Later, we use STATA statistical software to do the regression analyses.

We consider the direct investment positions of all 246 countries, including islands and territories, to build the network; this is because we have noticed that some islands and territories receive a substantial amount of FDI. Omitting such islands and territories from the analysis of the global FDI network might result in an incorrect centrality index for some of the important players that we include in the regression analysis. Thus, to make our analyses more inclusive and representative of an accurate depiction of how FDI from some countries is dispersed across various regions, we calculate the eigenvector centrality position [START_REF] Abbate | The international trade network in space and time[END_REF]Fagiolo;[START_REF] Hofmann | The impact of international trade and FDI on economic growth and technological change[END_REF]Bolivar, 2019) for all actors about which we have information on bilateral FDI stock positions. We use core-periphery analysis to determine the structure of the global FDI network and eigenvector centrality analysis to estimate the network centrality position.

Later, this network centrality position indicator (eigenvector) is used in the longitudinal ordered logistic regression analysis as the independent variable. Since there is a possibility of reverse causality between FDI and technological advancement, we examined the possibility of endogeneity by using instrumental variable estimators in Two-Stage least squares (2SLS) and Generalized Method of Moments (GMM) procedure. One common strategy to adequately address endogeneity concerns is to use instrumental variables [START_REF] Sargan | The estimation of economic relationships using instrumental variables[END_REF][START_REF] Bascle | Controlling for endogeneity with instrumental variables in strategic management research[END_REF]. "Total tax rate" is used as an instrumental variable in this paper, and both the exogeneity and relevancy conditions of the instrument are respected.

As far as the regression analysis is concerned, we use a final sample of 121 countries to understand the relationship between the network centrality position and the technological superiority of a country. 

Independent variable: Network centrality position (eigenvector)

We perform the eigenvector centrality analysis [START_REF] Bonacich | Power and centrality: A family of measures[END_REF] to determine a country's position in the global FDI network and use the resulting network centrality indicator to perform regression analyses. An actor's eigenvector centrality captures its centrality position in a network in terms of the overall structure of the network by considering the centrality of the neighbors of a node, providing us with an idea of stepby-step development of the system [START_REF] Bonacich | Power and centrality: A family of measures[END_REF]. Eigenvector centrality analysis calculates the eigenvector of the largest positive eigenvalue as a measure of centrality and gives information on the dominance of the largest eigenvalue in the network (UCINET 6). In earlier studies, eigenvector centrality measure has been associated with various network resources such as status, power, performance, and competitive advantage among other positive attributes [START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF][START_REF] Podolny | A Status-Based Model of Market Competition[END_REF][START_REF] Jensen | The role of network resources in market entry: Commercial banks' entry into investment banking, 1991-1997[END_REF][START_REF] Baum | Dancing with strangers: Aspiration performance and the search for underwriting syndicate partners[END_REF][START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF]Dyer & Sing 1998 among others). Thus, an actor's centrality position depends on the extent to which it maintains strong connections with other actors that, in turn, extend these strong connections with other actors, and so on [START_REF] Jensen | The role of network resources in market entry: Commercial banks' entry into investment banking, 1991-1997[END_REF][START_REF] Bonacich | Power and centrality: A family of measures[END_REF]. The following table presents eigenvectors of the first 10 countries alphabetically as of 2016, in our sample and which are obtained from eigenvector centrality analysis. The network centrality position has been obtained by using the original sample prior to dropping any observations. In the IMF database, the values of FDI stock are concealed in some cases to preserve confidentiality of the reporting economy. To illustrate our data in Tables 2 and3, we present information in our sample on FDI stock position and binary matrix of the first 10 countries in alphabetical order as of 2016. Table 2 presents the inward FDI positions (US dollars, millions) available in the IMF database, and Table 3 presents the binary matrix prepared by using IMF Data to perform the eigenvector centrality analysis. In these tables, the columns represent FDI receiver countries and the rows represent the investor countries. In Table 2, blank cells reflect data that are unavailable or not applicable; cells with "C" reflect data that were suppressed by the reporting economy to preserve confidentiality, and cells with "0" reflect amounts that are less than +/-$500,000 or amounts reported as "0". To build the network, preference is given to the indirect measurement of the FDI linkages. At first, we coded the inward FDI stock data as either 1 or 0 to determine the presence or absence of the FDI relationship between two countries. In the following Table, 1 denotes the existence of a linkage regardless of the positive, negative, and concealed values of FDI, while 0 denotes the absence of a linkage (the amounts less than +/-$500,000 reflect 0 in the IMF data). Later, since FDI linkages are bidirectional, we symmetrized the data using the "Symmetrize" option of UCINET software that is turns "directed" or "asymmetric" network data into "un-directed" or "symmetric" data (UCINET).

The basic idea is that a country acquires benefits from its direct and indirect connection [START_REF] Jackson | Social and economic networks[END_REF]. The "maximum" choice of this option inspects each cell in the upper part of the matrix and the corresponding cell in the lower part of the matrix (e.g., cell 0, 1 is compared to cell 1, 0), and enters the larger value found into both cells (e.g., 0, 1 and 1, 0 will now have the same output value). "Maximum" retains all ties in the network (reciprocated or not) as undirected ties.

Table 3: Binary matrix for the first 10 countries in our sample as of 2016.

FDI linkage Albania Algeria

Angola Argentina Armenia Australia Austria Azebeijan Bahrain Bangladesh …

Moderator variables: absorptive capacity indicators

Research and development (R&D)

A host country, by encouraging domestic R&D activities, can push the local technology frontier forward, which will eventually attract high-tech FDI [START_REF] Saggi | Trade, foreign direct investment, and international technology transfer: A survey[END_REF]. This is because R&D plays an important role in promoting the absorption and imitation of innovation from more technologically developed countries [START_REF] Bodman | Assessing the roles that absorptive capacity and economic distance play in the foreign direct investment-productivity growth nexus[END_REF][START_REF] Kafouros | Under what conditions do firms benefit from the research efforts of other organizations?[END_REF][START_REF] Griffith | R&D and absorptive capacity: theory and empirical evidence[END_REF]. R&D is measured as total intramural expenditure on R&D performed on a national territory. It also includes R&D performed within a country and funded from abroad, but excludes payments for R&D made from abroad.

Human capital (HC)

A country will not benefit from FDI and attendant technology if the country's absorptive capacity, in terms of the stock of human capital, remains unchanged [START_REF] Keller | International technology diffusion[END_REF]. R&D activities require skilled personnel to carry on the pursuit of knowledge and maintain a competitive position [START_REF] Narula | FDI spillovers, absorptive capacities and human capital development: evidence from Argentina[END_REF][START_REF] Marin | Technology spillovers from foreign direct investment (FDI): the active role of MNC subsidiaries in Argentina in the 1990s[END_REF][START_REF] Xu | Multinational enterprises, technology diffusion, and host country productivity growth[END_REF]Borenzstein et al., 1998;[START_REF] Nakandala | Technology transfer through foreign direct investment in Sri Lanka[END_REF][START_REF] Tung | Human resource issues and technology transfer[END_REF][START_REF] Amesse | Technology transfer revisited from the perspective of the knowledge-based economy[END_REF]Hausman et al., 2014). We measure Human Capital by using average years of total school attainment of the population aged 15 years and over [START_REF] Perugini | FDI, R&D and human capital in Central and Eastern European countries[END_REF][START_REF] Xu | Multinational enterprises, technology diffusion, and host country productivity growth[END_REF].

Knowledge intensity (KI)

Knowledge intensity is often considered an important factor in determining the flow of FDI since investors tend to invest in similar industries (Kinoshita,2000;[START_REF] Pisano | Restoring America's Competitiveness[END_REF]. The aggregate knowledge of a society depends on the diversity of knowledge of each individual living within it, and the efficiency of the communication shared among these individuals to benefit from this knowledge [START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF]. Thus, we use Economic Complexity Index (ECI) proposed by [START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF] as a measure of the knowledge intensity of a country. Economic complexity reflects the amount of knowledge that is embedded in the productive structure of an economy.

Control variables: GDP per capita, total trade, trade openness, and property rights

This research uses several controls to maintain consistency with previous studies (Ferrier, 2014;[START_REF] Deng | International direct investment and transboundary pollution: An empirical analysis of complex networks[END_REF][START_REF] Xu | Multinational enterprises, technology diffusion, and host country productivity growth[END_REF]. We control for GDP per capita (USD Thousand) because it is an important variable that can affect a country's industrial structure. Almost all technologically developed countries are also economically developed countries, and the development status of a country also determines the ability to invest in R&D and education [START_REF] Keller | International technology diffusion[END_REF]. We also control for the effect of trade and trade openness. These country-specific conditions can influence investors' perceptions about the potential business environment and their investment decisions in the region of interest. Trade is measured as the total value of import plus export (USD Thousand), and trade openness is considered as the ratio of total trade to GDP [START_REF] Deng | International direct investment and transboundary pollution: An empirical analysis of complex networks[END_REF].

Since the literature suggests that there should be adequate protection of intellectual property rights to ease the concerns of foreign companies about introducing advanced technology [START_REF] Yi | Spillover effects of foreign direct investment: how do region-specific institutions matter?[END_REF][START_REF] Tung | Human resource issues and technology transfer[END_REF], we control for property rights by using the property rights index in which a higher score, between 0 and 100, means better protection of property rights. 

Results and discussion

Results

The global FDI network

At first, we look at the structure of the global FDI network formed in 246 countries and territories to understand the bilateral investment linkages among the countries.

Before analyzing the hypothesis, we constructed FDI network diagrams by using a binary matrix of FDI linkages to visualize the global FDI networks. Subsequently, we calculated the eigenvector centrality of the countries in the network. The diagrams provide preliminary indication of core-periphery structure in the networks [START_REF] Jackson | Social and economic networks[END_REF]. The ideal structure of a core periphery network is defined as a maximally centralized graph in which a few nodes are strongly connected, and the rest of the nodes are not so strongly connected -or not connected at all [START_REF] Jackson | Social and economic networks[END_REF]. Therefore, by doing the core-periphery analysis, we seek to identify a set of countries that have a high density of connections to one another, and a set of countries that have very low density of connections between them [START_REF] Jackson | Social and economic networks[END_REF][START_REF] Deng | International direct investment and transboundary pollution: An empirical analysis of complex networks[END_REF]Bolivar et al., 2019). Our findings related to core-periphery analysis demonstrate that the FDI networks are hierarchical with a core-periphery structure. In the diagrams of the global FDI networks, most of those dominant in 2009 were still dominant in 2016. For instance, countries such as Australia, Canada, Hong Kong, Japan, Norway, Singapore, Switzerland, and the USA have been consistently in the core position of the global FDI networks during this period (2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016). These findings also suggest a high degree of stability throughout the period.

They also suggest that the densely connected core countries can coordinate their connections with one another with more efficiency, and with better results, than peripheral countries. Consequently, the core countries have a structural advantage in relation to the peripheral countries. The above table reports that the measure of goodness of fit -final fitness of all the models as being close to 1 (0 means bad fit; 1 means excellent fit). Similarly, the density matrix presents the fitness of core "1,1, block" and periphery "2,2 block". In the ideal structure matrix, the "1,1 block" should have a density of one, and the "2,2 block" should have a density of zero. The density matrices of the models in our study report a good fit:

close to 1 (from 0.898 to 0.926). A network exhibits a core-periphery structure to the extent that the correlation between the ideal structure and the data is large (Borgatti & Everett, 2000). The matrices report a set of "core" countries that are closely connected to one another (1,1 block). Some countries are also grouped as "peripheral" in the sense that they have fewer linkages among themselves (2,2 block). The findings uphold that the global FDI network has a core-periphery structure.

Table 6 presents some of the randomly chosen countries and their network centrality positions and technology (NRR, 1= best). It is evident from the findings of coreperiphery analysis that the core countries have superior technology than the peripheral countries. * NP stands for the core position in the FDI network and NRR stands for Networked Readiness Ranking

In Table 6, NP stands for a country's core position in the global FDI network and NRR stands for Networked Readiness Ranking, which is the technology measurement used in this research. Among the countries present in Table 6, most have been in a core position in the global FDI network and have had a superior technology level throughout the period of study. The only exceptions are Iceland and Mexico, the reasons for which can be elucidated by the fact that Iceland has maintained a higher technology level throughout the period, though the country has not always been in a core position. Unlike

Iceland and contrary to expectations, Mexico has always been in a core position in the network, while the country's technology level remains unimpressive.

This research checks for the robustness of the network analysis by computing the ratio of the largest eigenvalues to the next largest eigenvalues. For the centrality measure to be robust, the ratio must be at least 1.5 and preferably 2.0 or more. In this study, the ratios are always around 4 for all the models, and they increase over time. The following (GMM) procedure. The instrumental variable "total tax rate" has a strong first stage and meets the exogeneity condition as required [START_REF] Baum | Instrumental variables and GMM: Estimation and testing[END_REF][START_REF] Baum | Enhanced routines for instrumental variables/generalized method of moments estimation and testing[END_REF][START_REF] Bascle | Controlling for endogeneity with instrumental variables in strategic management research[END_REF]. All the analysis in this part uses STATA statistical software. The following table reports descriptive statistics of the variables used in this study. In our findings, all the models are globally significant, suggesting that the eigenvector centrality position and the technological superiority of a country are positively associated, and the relationship cannot be explained by chance. The waldchi2 values in all the models also inform us that none of the coefficients are zero in these analyses. In addition, there is enough variability in the data to favor random effects ordered logistic regression over standard ordered logistic regression.

Controlling for GDP per capita, total trade, trade openness, and property rights in The regression Model A and Model B assume that the effect of each explanatory variable is independent to that of the other variables. However, the literature suggests that this might not always be the case [START_REF] Liu | Foreign direct investment and technology spillovers: Theory and evidence[END_REF][START_REF] Nieto | Absorptive capacity, technological opportunity, knowledge spillovers, and innovative effort[END_REF] 

Robustness check

Next, we examined the possible presence of reverse causality between FDI and technological superiority by using instrumental variable estimators in Two-Stage least squares (2SLS) and Generalized Method of Moments (GMM) procedure in Model D and Model E. The appropriateness of the instrumental variable "total tax rate" is confirmed by post-estimation analysis, in which the variable meets the requirement of relevancy and validity [START_REF] Baum | Instrumental variables and GMM: Estimation and testing[END_REF][START_REF] Baum | Enhanced routines for instrumental variables/generalized method of moments estimation and testing[END_REF][START_REF] Bascle | Controlling for endogeneity with instrumental variables in strategic management research[END_REF]. The P-value for Durbin Wu-Hausman is 0.69 suggesting that the variable is exogenous. The instrumental variable has a strong first stage in both models. For a single endogenous regressor, the F-statistic is supposed to be higher than 10 [START_REF] Baum | Instrumental variables and GMM: Estimation and testing[END_REF][START_REF] Bascle | Controlling for endogeneity with instrumental variables in strategic management research[END_REF]. In our analysis, the F-statistic is 21.77 for 2SLS model and 29.24 for GMM model, which confirms the robustness of our analyses.

Both in Model D and in Model E, the coefficients of network centrality position are negative and significant. Similar to the findings of Model C, none of the traditional indicators of absorptive capacity (R&D and human capital) are significant when we consider the instrumental variable estimator in Model D and Model E. Nevertheless, both the individual effect and interaction effect of knowledge intensity is significant when we consider the instrumental variable estimator. In the end, the findings are consistent at different levels of significance in all models. Therefore, the study provides us with enough evidence to assert that, all things being equal, improvement in the FDI network centrality position is positively and significantly associated with the technological superiority of a country.

Discussion

Technology, technology transfer, and technological advancement have long been of keen and intense interest to scholars, and much of the conventional understanding of the process and mechanisms by which they function hinges on direct channels of technology transfer. However, there is no single way to transfer technology. This is due to the fact that technology transfer involves not only the product or service specific knowhow, but also requires the know-how of higher-level engineering and technical personnel if needed [START_REF] Baranson | Technology transfer through the international firm[END_REF][START_REF] Farhang | Managing technology transfer to China: conceptual framework and operational guidelines[END_REF]. The question thus emerges as to how we can enhance our understanding of the process of technological advancement through indirect linkages -and indeed whether recipients' capacities matter. Since FDI is considered to be one of the major channels of technology transfer in the literature with an emphasis on absorptive capacity of the recipients, an analysis of FDI linkages among countries is advantageous in this context. Thus, we map and analyze the global FDI network to substantiate our understanding of the process of technological advancement of a country through FDI.

To begin with, we find that the global FDI network is hierarchical with a coreperiphery structure and that core countries are more technologically developed than peripheral countries. Depending on the advantages available, some locations receive more FDI than other locations [START_REF] Casi | Spatial complexity and interactions in the FDI attractiveness of regions[END_REF]. Eventually, those clusters become flagship locations attracting more FDI, and so the process continues. Our finding of core-periphery structure in the global FDI networks is also consistent with the literature.

For instance, [START_REF] Deng | International direct investment and transboundary pollution: An empirical analysis of complex networks[END_REF] and Boliver et al. ( 2019) also find that the FDI network has a core-periphery structure. Similarly, [START_REF] Kali | The architecture of globalization: a network approach to international economic integration[END_REF] and [START_REF] Ferrier | Technology Diffusion on the International Trade Network[END_REF] also detect a core periphery structure in the global trade network.

Our findings about the superior technology levels found in core countries, in contrast to those found in peripheral countries, support the notion that network embeddedness facilitates transfer of knowledge (Firtsch & Kauffeld-Monz, 2010;[START_REF] Kali | Financial contagion on the international trade network[END_REF][START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF]. Similarly, countries that are better connected in the network tend to perform better by quickly adopting the latest technology [START_REF] Ferrier | Technology Diffusion on the International Trade Network[END_REF], and core countries enjoy privileges over the peripheral countries in a network [START_REF] Benito | Environmental influences on MNE subsidiary roles: economic integration and the Nordic countries[END_REF]. Above all, centrality in a network is related to positive evaluations such as power, status, competitive edge, and possession of superior knowledge, among other invaluable advantages [START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF][START_REF] Bonacich | Power and centrality: A family of measures[END_REF][START_REF] Baum | Dancing with strangers: Aspiration performance and the search for underwriting syndicate partners[END_REF]Dyer & Sing, 1998;Ibarra & Andrewes, 1993;[START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF][START_REF] Mcpherson | Birds of a feather: Homophily in social networks[END_REF][START_REF] Mazzola | Change Is Good, But Not Too Much: Dynamic Positioning in the Interfirm Network and New Product Development[END_REF][START_REF] Powell | Interorganizational collaboration and the locus of innovation: Networks of learning in biotechnology[END_REF][START_REF] Hippel | Lead users: a source of novel product concepts[END_REF]. In fact, network centrality can also explain an actor's future performance, and this is a phenomenon that inevitably leads to greater investment opportunities, growth, and more technological advancement [START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF].

The finding that the technology level of some peripheral countries is surprisingly high might be a result of other factors, such as a country being embedded in other networks [START_REF] Kali | Financial contagion on the international trade network[END_REF]. There could be some other, specific factors that may influence the effect of the global FDI network in the technology level of a country. It is possible that even if these countries do not receive much FDI, they have enough local capacities to catch up with global technological advancement. For instance, if a country receives high-tech FDI from only a few selected countries, that nation's technology is supposed to improve substantially [START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF]Dyer & Sing, 1998). Similarly, even though a country may receive FDI from multiple countries without much access to advanced technology, there will be no substantial change in the technology level of that country. Such is the case with the aforementioned countries of Iceland and Mexico, which

shows that the quantity of FDI from many countries means less in terms of technological improvements for a region than does the quality of FDI from a few, selected, countries.

We have proposed and found empirical evidence that a country's eigenvector centrality position in the global FDI network is positively associated with the country's superior technology. Our findings supplement the literature and demonstrate that FDI is indeed an influential factor in technology transfer (Blomstronm and Kokko, 1989;[START_REF] Xu | Trade, FDI, and international technology diffusion[END_REF][START_REF] Keller | International trade, foreign direct investment, and technology spillovers[END_REF][START_REF] Lall | Foreign direct investment and its role in economic development: do we need a new agenda?[END_REF]Nakandala, 2008 among others). The findings also uphold the network perspective, which supports the notion that knowledge accompanies FDI [START_REF] Orlic | Cross sectoral FDI spillovers and their impact on manufacturing productivity[END_REF][START_REF] Baum | Dancing with strangers: Aspiration performance and the search for underwriting syndicate partners[END_REF]Dyer & Sing, 1998;[START_REF] Gulati | Social structure and alliance formation patterns: A longitudinal analysis[END_REF].

At the same time, we have attempted to provide a more nuanced understanding of how the absorptive capacity positively moderates the relationship between network centrality position and the technology level of a country. By studying the effect of interaction between each of the indicators of absorptive capacity -R&D, human capital, and knowledge intensity -and the network centrality position, we find that only knowledge intensity positively and significantly moderates the relationship between FDI network position and technological advancement for a given country. R&D expenditure might have different results depending on the sources, motives, and industrial environment (Sanchez-Sellero et al., 2014;[START_REF] Kafouros | Under what conditions do firms benefit from the research efforts of other organizations?[END_REF]. For instance, some countries might use R&D at the early phase of development with most R&D expenditures made on infrastructure development, such as building a lab, or buying lab equipment and instruments, or they might deploy human capital improperly during the beginning stages of growth. Similarly, the estimated effects of R&D and human capital may not be as expected when the sample period is too short to allow enough time for the technology gain to offset the expenditure made [START_REF] Liu | Foreign direct investment and technology spillovers: Theory and evidence[END_REF].

Other reasons for the insignificant effects of R&D and human capital are also due to factors such as the limited hiring of local employees, restricted mobility of employees between foreign and local actors, limited linkages among foreign investors and local actors, the absences of any R&D activities conducted by the subsidiary, and scant incentives for the foreign investors to transfer technology [START_REF] Aitken | Do domestic firms benefit from direct foreign investment? Evidence from Venezuela[END_REF]. It is also possible that the quality of human capital in most of the countries is not sufficiently high enough to affect the absorptive capacity. Thus, the associations between R&D, human capital, and technological advancement of a country may not be visible in the short term.

However, the finding regarding the non-significant moderation effect of R&D can actually be interpreted as having a buttressing effect on technological advancement through FDI. It is possible for some countries to have superior technology without significant spending on R&D if these countries can acquire access to this technology through indirect linkages. International transmission of technology is an "effective alternative" to the international production of knowledge through R&D activities [START_REF] Archibugi | The globalisation of technology: a new taxonomy[END_REF], and the network embeddedness is an important means to obtaining access to superior information (Dyer & Sing, 1998;[START_REF] Gulati | Social structure and alliance formation patterns: A longitudinal analysis[END_REF][START_REF] Baum | Dancing with strangers: Aspiration performance and the search for underwriting syndicate partners[END_REF][START_REF] Benjamin | Status, quality, and social order in the California wine industry[END_REF].

The most striking result that emerges from this research is the significant moderation effect of knowledge intensity. This intriguing finding may encourage the appropriate action among host countries to widen their perspective towards the development of local capacities. Although sectoral specialization and spatial knowledge have been acknowledged in the literature for their significance in attracting FDI and the enhancement of a local knowledge base [START_REF] Kinoshita | R&D and technology spillovers via FDI: Innovation and absorptive capacity[END_REF][START_REF] Perugini | FDI, R&D and human capital in Central and Eastern European countries[END_REF][START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF][START_REF] Hidalgo | The product space conditions the development of nations[END_REF], none of the studies related to absorptive capacity address knowledge intensity as an indicator of absorptive capacity. In today's knowledge economy, the possession of useful knowledge is crucial to strengthening local innovation performance (Turkina andVan Assche, 2018: Bathelt et al, 2004), predicting future growth, and understanding the competitiveness of a country (Hausman et al., 2014;[START_REF] Faulk | Competitive advantage in nonprofit grant markets: implications of network embeddedness and status[END_REF]. In other words, the diverse knowledge possessed by a country determines that country's ability to exchange information with others and expand upon the existing knowledge base.

Conclusions: policy implications, limitations, and future research directions

To understand the relationship between the global FDI network and technological advancement, we model bilateral FDI among countries as an interdependent network and find that the global FDI network has a core periphery structure. In the global FDI network, core countries are found to be more technologically developed than peripheral countries.

We also argue -and indeed find ample empirical evidence -that a country's eigenvector centrality position in the global FDI network is positively and significantly associated with Since the incidence of positive spillovers from FDI is neither automatic nor unconditional, there are scopes for the policy makers to ensure that local actors have the right organizational structures and incentives to develop an adequate level of absorptive capacity. A well-developed local business infrastructure and local capacity strengthens the positive impact of foreign knowledge [START_REF] Liu | Under what institutional conditions does overseas business knowledge contribute to firm performance?[END_REF][START_REF] Yi | Spillover effects of foreign direct investment: how do region-specific institutions matter?[END_REF] and enhances the absorption of such knowledge [START_REF] Bodman | Assessing the roles that absorptive capacity and economic distance play in the foreign direct investment-productivity growth nexus[END_REF][START_REF] Griffith | R&D and absorptive capacity: theory and empirical evidence[END_REF][START_REF] Saggi | Trade, foreign direct investment, and international technology transfer: A survey[END_REF][START_REF] Amesse | Technology transfer revisited from the perspective of the knowledge-based economy[END_REF]Hausman et al., 2014).

The most remarkable finding in this research is the significance of knowledge intensity in the technology level and the FDI network centrality position of a country, which highlights the important subtleties in our understanding of absorptive capacity. Another significant aspect of this finding is that knowledge intensity can also be considered as a measure of governance and institutional quality and competitiveness, among other factors [START_REF] Hausmann | The atlas of economic complexity: Mapping paths to prosperity[END_REF]. Both indicators are important for foreign investors to feel at ease with investing, cooperating, and sharing knowledge with local partners.

Knowledge-intensive firms can grow and develop innovative projects based on the specialized knowledge available in an environment [START_REF] Cohendet | Knowledge intensive firms, communities and creative cities[END_REF].

Therefore, promoting investment in local knowledge content is crucial to increasing absorptive capacity and speeding up technological development [START_REF] Fu | Foreign direct investment, absorptive capacity and regional innovation capabilities: evidence from China[END_REF][START_REF] Cohen | Innovation and learning: the two faces of R & D[END_REF][START_REF] Zahra | Absorptive capacity: A review, reconceptualization, and extension[END_REF][START_REF] Kostopoulos | Absorptive capacity, innovation, and financial performance[END_REF][START_REF] Mowery | Inward technology transfer and competitiveness: the role of national innovation systems[END_REF][START_REF] Hermes | Foreign direct investment, financial development and economic growth[END_REF][START_REF] Bathelt | The creation of knowledge: local building, global accessing and economic development-toward an agenda[END_REF]. The findings point out that there are ways for a country to reap the benefits from FDI spillover even when its network centrality position changes by reshaping the factors related to absorptive capacity.

This paper contributes to the wider literature on FDI, technological advancement, and absorptive capacity from a new perspective -that of network relationships. On the one hand, this research complements the small, existing international business literature on network analysis with a focus on the global FDI network to obtain a deeper understanding of network structure. On the other hand, this research supplements the existing literature on FDI and technological advancement with empirical evidence. Most importantly, these findings are possible to generalize more broadly, since we consider the global pattern of FDI distribution instead of FDI in a single country.

Nevertheless, this study is subject to some limitations that indicate a need, but also opportunities, for future research. There is no widely accepted measure of technology level at the country level, as well as no clear-cut measurement of absorptive capacity.

Therefore, we have had no alternative but to use available proxies. Another issue worthy of mention is the limited availability of information on bilateral FDI linkages: this information is made available for only eight years (2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016) in the IMF database.

Future research using a clearly defined measure of the technological advancement and absorptive capacity at the country level, and encompassing a longer period than eight years, would fortify our findings. Furthermore, the results might also be different when the reasons for engaging in different categories of R&D activities are considered. For example, R&D activities aimed at producing new products or services in the market might not have any immediate results whereas R&D activities devoted to improving existing knowledge (i.e., absorptive capacity) may indeed have faster and more discernable results in the short term. Similarly, modeling FDI networks according to countries in different regional blocks will offer more insight, and a deeper understanding, of the factors involved in regional development and global economic integration.
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  Model A, we find that a country's eigenvector centrality position in the global FDI network is significantly and positively associated with the country's technology (coef. -48.788, the negative sign indicates improvement in the NRR). To explore this more thoroughly, we include three indicators -R&D, human capital, and knowledge intensity -of absorptive capacity in Model B. The finding in Model B (coef. -47.917) is consistent with the finding in the first model. Among the indicators of absorptive capacity, only human capital has a negative coefficient, but none of the P-values are significant in this model, suggesting that the outcome can be explained by chance. Even so, the negative coefficient (-47.917, the negative sign indicates improvement in the NRR) in Model B implies the significant relationship between the eigenvector centrality position in the global FDI network and the technology of a country.

  and these variables may interact and potentially change results. Therefore, In Model C, an interaction between FDI network centrality position and each of the indicators of absorptive capacity is considered in order to understand whether the effect of a simultaneous change in FDI network centrality position and the indicators of absorptive capacity is different from the sum of their individual effects. We find that a country's network centrality position is still important regarding its technological superiority (coef. -51.119 compared to coef. -48.788 in Model A and coef. -47.917 in Model B where the negative sign indicates improvement in NRR). Among the three models, the coefficient of network centrality position is strongest in Model C. In case of the interaction between network centrality position and the indicators of absorptive capacity, none of the traditional indicators of absorptive capacity, R&D and human capital, is significant. However, the interaction between knowledge intensity and network centrality position is significant (coef. -9.975, the negative sign indicates improvement in the NRR).

  the country's technological advancements. At first glance, it might seem difficult to explicitly determine the causality relationship between FDI and technological advancement because of the possibility of reverse causality. However, the rigorous econometric analyses using instrumental variable estimators support the robustness of our findings: a country's centrality position in the global FDI network leads to the achieving technological superiority.Countries that are closely connected to one another in the FDI network can improve the structure of the whole network to ensure an even distribution of international investment. Knowing their network centrality position in the global FDI network and technology level, countries can attract FDI from core members of the network that have advanced technology. Furthermore, we find that among the indicators of absorptive capacity (R&D, human capital, and knowledge intensity) only knowledge intensity positively and significantly moderates the relationship between a country's network centrality position and the technology level.

  Information about non-reporting countries was not considered for the regression analysis. At the same time, the excluded data should have a minimal effect since the sample includes all OECD member countries, which are estimated to receive and to place 65% of the global FDI(Bolivar et al., 2019) plus 86 non-

	this study because it represents the technology readiness of countries in terms of the
	capacity therein to fully leverage information and communication technologies using
	existing technology to enhance industry productivity (The Global Competitiveness Report,
	2015-2016). Another important feature of NRR, which is mentioned in the Global
	Competitiveness Report (2015-2016), is that it considers the importance of firms obtaining
	access to advanced technology -whether the technology developed inside a particular
	country or not. Above all, the report credits FDI as one of the main sources of foreign
	technology.
	3.1 Dependent variable: Technological superiority (Networked Readiness Ranking
	-NRR)
	We use Networked Readiness Ranking (NRR, 1=best) as a proxy to countries'
	technological superiority, which is the dependent variable. NRR is the most suitable for

OECD member countries. Moreover, our final sample represents countries from both the core and the periphery of the global FDI network.

Previous studies in trade and FDI networks noted that such country level topological network indicators become stale over time

[START_REF] Abbate | The international trade network in space and time[END_REF][START_REF] Fagiolo | Null models of economic networks: the case of the world trade web[END_REF] Bolivar et al., 2019)

. Furthermore, there have been no large-scale disruptive incidents during the selected period of study from 2009 to 2016. Hence, we postulate that, regardless of the short period of the study, the models enable us to understand the structure of the global FDI network as well as a pattern of the relationship between the technological superiority and the centrality position of a country in the global FDI network, and that the results here can be generalized.

Table 1 :

 1 Eigenvectors (obtained from eigenvector centrality analysis) of the first 10 countries in our sample as of 2016.

	Country	EV_2009	EV_2010	EV_2011	EV_2012	EV_2013	EV_2014	EV_2015	EV_2016
	Albania	0.034	0.034	0.063	0.049	0.054	0.048	0.066	0.068
	Algeria	0.038	0.041	0.047	0.046	0.046	0.049	0.050	0.044
	Angola	0.034	0.034	0.037	0.039	0.041	0.039	0.042	0.046
	Argentina	0.065	0.066	0.066	0.066	0.066	0.067	0.062	0.102
	Armenia	0.061	0.059	0.063	0.064	0.063	0.069	0.067	0.067
	Australia	0.105	0.106	0.107	0.108	0.111	0.107	0.106	0.107
	Austria	0.102	0.102	0.106	0.103	0.102	0.102	0.102	0.101
	Azerbeijan	0.090	0.092	0.090	0.089	0.094	0.097	0.095	0.093
	Bahrain	0.067	0.065	0.067	0.065	0.067	0.070	0.069	0.055
	Bangladesh 0.063	0.067	0.066	0.067	0.080	0.074	0.074	0.082
	…								

Table 2 :

 2 FDI positions (US dollars, millions) of the first 10 countries in our sample as of 2016.

	FDI	Albania	Algeria Angola Argentina Armenia	Australia Austria	Azebeijan Bahrain Bangladesh …
	position					
	Albania			0	C	0.173
	Algeria		0.26	C	0.73787		-0.11
	Angola		2.385004	C	C	
	Argentina		244.7679 C	50.17516 2.314292
	Armenia			0	0	0.295272
	Australia	C	322.8742 0.027896		62.61354 4.652036	913.3
	Austria	312.7599	131.4727 1.173906			59.66096	1.68
	Azerbeijan		0.034889	0	C	
	Bahrain		0	C	C	154.6101	-3.5
	Bangladesh		0.002635	C	-0.31623 0.02986
	…					

Table 4 :

 4 Definitions of variables and data sources.

	Name	Variable	Description	Source
	NRR	Dependent	Networked Readiness Ranking (NRR,	
			1= best)	
	GDP_PC	Control	GDP per capita (USD Thousand)	
	Trade	Control	Value of total trade (USD Thousand)	Euromonitor International
	Trade Openness	Control	Ratio of total trade to GDP	
	Property Rights	Control	Values of score between 0 and 100	
			where higher scores means better	
			protection of property rights	

Table 5 :

 5 Core/Periphery model of the global FDI network (2009-2016).

	Year	Final Fitness	Density Matrix	Year	Final Fitness	Density Matrix
	2009	0.890	1 -------1 0.898	2 -------0.306	2013	0.889	1 -------1 0.909	2 -------0.307
			2 0.306	0.014			2 0.307	0.021
	2010	0.893	1	2	2014	0.887	1	2
			-------1 0.905	-------0.297			-------1 0.917	-------0.321
			2 0.297	0.016			2 0.321	0.022
	2011	0.878	1 -------	2 -------	2015	0.879	1 -------	2 -------
			1 0.901 2 0.313	0.313 0.021			1 0.906 2 0.327	0.327 0.024
	2012	0.883	1 -------1 0.904	2 -------0.312	2016	0.889	1 -------1 0.926	2 -------0.350
			2 0.312	0.021			2 0.350	0.024

Table 6 :

 6 A random sample of countries' network centrality positions and technology.

	Year	2009		2010		2011		2012		2013		2014		2015	2016
	Country	NP	NRR NP	NRR NP	NRR NP	NRR NP	NRR NP	NRR NP	NRR NP	NRR
	Australia	Yes 14	Yes 16	Yes 17	Yes 17	Yes 18	Yes 18	Yes 16	Yes 18
	Canada	Yes 10	Yes 7	Yes 8	Yes 9	Yes 12	Yes 17	Yes 11	Yes 14
	Hong Kong	Yes 12	Yes 8	Yes 12	Yes 13	Yes 14	Yes 8	Yes 14	Yes 12
	Iceland	No	7	No	12	No	16	Yes 15	Yes 17	Yes 19	Yes 19	No	16
	Japan	Yes 17	Yes 21	Yes 19	Yes 18	Yes 21	Yes 16	Yes 10	Yes 10
	Mexico	Yes 67	Yes 78	Yes 78	Yes 76	Yes 63	Yes 79	Yes 69	Yes 76
	Norway	Yes 8	Yes 10	Yes 9	Yes 7	Yes 5	Yes 5	Yes 5	Yes 4
	Singapore	Yes 4	Yes 2	Yes 2	Yes 2	Yes 2	Yes 2	Yes 1	Yes 1
	Switzerland	Yes 5	Yes 4	Yes 4	Yes 5	Yes 6	Yes 6	Yes 6	Yes 7
	USA	Yes 3	Yes 5	Yes 5	Yes 8	Yes 9	Yes 7	Yes 7	Yes 5

Table 7 :

 7 table presents robustness of eigenvalues from 2009 to 2016. Robustness of eigenvalues. In addition to this, and in order to examine the possibility of reverse causality between FDI and technological advancement, we use instrumental variable estimators in Two-Stage least squares (2SLS) and Generalized Method of Moments

	Year	Largest Eigenvalues	Second Largest Eigenvalues	Ratio
				(Robust if ratio>1.5)
	2009	86.193	21.811	3.952
	2010	88.941	20.628	4.312
	2011	92.143	20.693	4.453
	2012	92.936	20.080	4.628
	2013	94.570	20.418	4.632
	2014	94.716	20.418	4.639
	2015	97.257	22.174	4.386
	2016	97.922	20.104	4.871
	4.1.2 Network centrality position and technological superiority
		Finally, to understand the relationship between the technological superiority and
	the eigenvector centrality position of a country in the global FDI network, we use
	longitudinal ordered logistic regression analysis because our dependent variable
	(measure of technology) represented by NRR (Networked Readiness Ranking, 1=best),
	is an ordinal variable.		

Table 8 :

 8 Descriptive statistics of the variables.

	Variable	Mean	Standard	Observations
			Deviation	
	NRR	65.73	39.60395	968
	Network	0.0762665	0.0337224	968
	Centrality			
	Position			
	GDP	22.19897	21.52407	968
	Per Capita			
	Total Trade	2.67e+08	5.64e+08	968
	Trade	0.4329987	0.3503997	968
	Openness			
	R&D	1.32e+07	5.13e+07	968
	Human	36937.49	130234.5	968
	Capital			
	Knowledge	0.0815198	0.8818421	968
	Intensity			
	Property	49.28202	24.26427	968
	Rights			
	Since our dependent variable NRR is a ranking which demonstrates that the lower
	the value, the better the technology level (NRR, 1=best), we expect to find a negative sign
	that denotes a positive relationship in the analyses. The correlation statistics in the
	following table show that, as expected, all the variables used in this study are negatively
	correlated with technology level. Specifically, the highly negatively correlated NRR
	suggests that the technology level of a country is positively associated with the network

Table 9 :

 9 Correlation statistics (star at 10% significance level).

	Variables		1	2	3	4	5	6	7	8	9	10
	1.	NRR		1.0000							
	2.	Core Periphery	-0.6356* 1.0000						
	3.	Network	Centrality	-0.7365* 0.8387* 1.0000					
	4.	Position GDP per capita	-0.7487* 0.3720* 0.4996* 1.0000				
	5.	Total Trade		-0.3989* 0.3397* 0.4832* 0.2931* 1.0000			
	6.	Trade Openness	-0.5396* 0.3207* 0.4172* 0.5259* 0.1723* 1.0000		
	7.	Property Rights	-0.8279* 0.4826* 0.5756* 0.6904* 0.3015* 0.5759* 1.0000	
	8.	R&D		-0.2463* 0.2065* 0.2934* 0.1559* 0.8840* -0.0490 0.1607* 1.0000
	9.	Human Capital	-0.0600* 0.1862* 0.2471* -0.0655* 0.6071* -0.1495* -0.0692* 0.5982* 1.0000
	10.	Knowledge Intensity	-0.6566* 0.5682* 0.6446* 0.4467* 0.4782* 0.4849* 0.6088* 0.3290* 0.1215* 1.0000

Next, we conduct the regression analyses. The analysis is done by preparing five models in which different variables are added step-by-step to elucidate the effect of different variables. In Model A, only the control variables -GDP per capita, total trade, trade openness, and property rights -are included. In Model B, indicators of the absorptive capacity -R&D, human capital, and knowledge intensity -are added. Model C includes an interaction between FDI network centrality position and each of the indicators of absorptive capacity. The following table reports the results from the regression analysis.

Table 10 :

 10 Result of regression analysis.

	Variables	Model A	Model B	Model C	Model D	Model E
		(Ordered logistic)	(Ordered logistic)	(Ordered logistic)	(2SLS)	(GMM)
	NRR					
	Position (NP) Network centrality	-48.788***	-47.917***	-51.119***	-300.093*	300.093*
		(8.30)	(8.445)	(8.64)	(153.70)	(180.73)
	GDP per capita	-0.159***	-0.160***	-0.159***	-0.488***	-0.488***
		(0.02)	(0.02)	(0.02)	(0.05)	(0.06)
	Total Trade	0.000	-0.000	-0.000	-0.000	-0.000
		(0.00)	(0.00)	(0.00)	(0.00)	(0.00)
	Trade Openness	-1.018	-0.875	-0.790	-3.872	-3.872*