Technology Adoption and Creation in

Multinational Subsidiaries in China

Xiaming Liua, Chengang Wangb, Jue Wanga and Yingqi Weib
aSchool of Management

Birkbeck College

University of London

London WC1E 7HX
bSchool of Management

Bradford University

Bradford, UK, BD7 1DP

January 2008
ALL CORRESPONDENCE PLEASE TO XIAMING LIU
(TEL) +44 (0) 20 7079 0895 

(FAX) +44 (0) 20 7631 6769 

(Email) Xiaming.liu@bbk.ac.uk
9510 words including title pages, abstract, references, and tables.

Technology Adoption and Creation in Multinational Subsidiaries in China
Abstract
Technology adoption and creation in subsidiaries are essential for multinational enterprises to enhance their competitiveness in the global market. While there are separate studies, little research has been conducted on the mutual relationship between these two important phenomena. The current paper examines the determinants of technology adoption and creation, and how the two affect each other. Hypotheses are developed and tested on a very unique panel data set covering 465 multinational subsidiaries in China for the period 1998-2005. Our results show that widely recognized factors (such as local competition, technology capabilities, size, age, foreign equity participation, market orientation, and internal business networks) have significantly different impacts on technology adoption and creation. Although technology adoption affects technology creation, the reverse relationship is not established. 
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Introduction

Traditional theory of the multinational enterprise (MNE) suggests that technology is created at and transferred from the headquarters in the home country to its overseas subsidiaries so that these subsidiaries can overcome economic, cultural and social distance and perform better than their local counterparts in host countries (Hymer, 1976; Kindleberger, 1969), and achieve sustainable competitive advantage (Dyer and Nobeoka, 2000). Technologies adopted by multinational subsidiaries may well spill over to indigenous firms in host countries. In this sense, foreign direct investment (FDI) carried out by MNEs has long been regarded as the dominant form of resources and technologies from developed to developing countries (Lall, 1993; Tsai, 2001; Wei and Liu, 2006). Given its contributions to the competitiveness of multinational subsidiaries and local development in the host countries, technology transfer from the parent to its overseas subsidiaries has attracted much attention. 
Recently, the network approach argues that technical, market, and functional knowledge is generated continuously in all parts of a corporation, and shared across the organization (Bartlett and Ghoshal, 1989; Hedlund, 1994; Tsai, 2001; Almeida and Phene, 2004). In this differentiated network of the corporation, there is a tendency for overseas subsidiaries to specialize in developing particular technologies (Zander, 1997) which benefits the entire corporation (Bartlett and Ghoshal, 1989; McEvily and Zaheer, 1999; Young and Tavares, 2004). 
While there are separate studies of technology adoption and creation in multinational subsidiaries, little research has been conducted on their mutual relationship. Capabilities to learn and structural mechanisms such as the provision of technology and managerial assistance by the parent are all important for technology acquisition from the parent (Lyles and Salk, 1996; Minbaeva et al., 2003; Simonin, 2004), but these factors are also regarded to be important for technology creation (Almeida and Phene, 2004; Andersson et al. 2005). However, do these determinants affect technology adoption in the same way as technology creation in multinational subsidiaries? Can we predict technology creation via technology adoption or vice versa?  An examination of these issues helps us to understand sources and development of technologies in multinational subsidiaries and hence their competitiveness.

This paper compares and contrasts the determinants of technology adoption and creation in multinational subsidiaries and assesses how these two activities affect each other, based on a very unique panel data set covering 465 multinational subsidiaries in China for the period 1998-2005. Our results indicate that widely recognized factors (such as local competition, technology capabilities, size, age, foreign equity participation, market orientation, and internal business networks) have significantly different impacts on technology adoption and creation. Although technology adoption affects technology creation, the reverse relationship is not established. 
The remainder of this paper is organized as follows. The next section reviews the relevant literature and develops hypotheses. After a description of model, data and methodology, we discuss the empirical results. The final section concludes with a brief assessment of policy and managerial implications.

Literature Review and Hypotheses Development
Technology is always seen by an MNE as the key to its competitiveness in the world marketplace. In a multinational’s international expansion, its subsidiary can be both technology-exploitative and technology-explorative. The MNE can transfer its technology to its subsidiary and the success of the subsidiary in its host market is in part determined by its ability to adopt the technology possessed by the MNE (Chen, 1996; Chung, 2001; Cui et al., 2006). In this case, the subsidiary becomes the MNE’s agent for exploiting its technological advantage (Rugman, 1982). Such an advantage enables the subsidiary to enjoy a superior competitive position in the local marketplace, particularly when the MNE is committed to developing a strong position in the host country (Delios and Beamish, 2001). On the other hand, a subsidiary may well play a technology explorative role, conducting R&D to augment the existing MNE’s technology base (Almeida and Phene, 2004). Subsidiaries are embedded in a dual context of the MNE and the host environment. Being part of the multinational’s network provides a subsidiary an opportunity to access more advanced knowledge and information, while residing in the host country exposes a subsidiary to knowledge and innovations of local systems and allows it to make use of the locational advantages. Through interactions with these internal and external networks, a subsidiary can undertake innovative activities and develop new technologies. 
Based on the existing literature, there can be some common as well as different determinants of the exploitative and explorative behavior in a multinational subsidiary in terms of three groups of factors: competition in the host market, subsidiary characteristics and multinational networks. The rest of the section briefly reviews the relevant literature on the impacts of these factors on technology adoption and creation at the subsidiary level and formulates our hypotheses. 

Competition in the host market 
It is recognized that host country characteristics affect a multinational subsidiary’s behavior of technology adoption and creation (Ghoshal and Nohria, 1989). As Cui et al. (2006) indicate, when entering a highly competitive foreign market, an MNE faces the challenge of acquiring market share and establishing a competitive position in the market via its subsidiary. Adopting technologies transferred from the parent enables the subsidiary to ‘improve product quality, adapt product design to local market demand, and reduce production costs and prices to compete for market share’. Thus, a positive impact is expected of the degree of local competition on the extent to which a subsidiary adopts technology from its parent.

The analysis of the relationship between local competition and technology adoption can be easily extended to that between local competition and technology creation. A high degree of competition in the host country may force a multinational subsidiary to conduct extensive R&D to create new technology so that its competitive position can be maintained. Put another way, ‘local competition is another variable that can affect innovation’ (Tsai, 2001). 
Hypothesis 1: Competition at the host country positively affects a multinational subsidiary’s technology adoption and creation.

Subsidiary Characteristics

A number of subsidiary characteristics such as technological capabilities, size, age, entry mode, nationality and market orientation, are identified to be the determinants of technology adoption and creation. 
Technological Capabilities

Technological capabilities are a critical factor in determining technology transfer (Kedia and Bhagat, 1988; Stock et al., 1996). Technical capabilities are perhaps the most important component of absorptive capability. As defined by Cohen and Levinthal (1990), absorptive capability is the ‘ability to recognize the value of new external knowledge, assimilate it, and apply it to commercial ends’. Zahra and George (2002) identify four complementary capabilities for absorptive capability: knowledge acquisition, assimilation, transformation, and exploitation. For each of these capabilities, the learning capability, representing the firm’s specific resources and assets that can be deployed opera​tionally to drive the process and enhance its efficiency, is a fundamental determinant of absorptive capacity (Simonin, 2004). Technological capability is positively associated with learning capability. To recognize, absorb and exploit new technology, a firm’s own technological capabilities are important. 
Technological capabilities are also essential for technology creation. As argued by Tsai (2001), high absorptive capacity tends to be developed cumulatively by building on prior related knowledge. A firm with relevant prior knowledge is likely to have a better understanding of new technology that can generate new ideas and develop new products. A firm with a high level of absorptive capacity is likely to harness new knowledge from various sources to help its innovative activities (Cohen and Levinthal, 1990).   
Hypothesis 2: The level of technological capabilities positively affects a multinational subsidiary’s technology adoption and creation. 

Size

It is generally believed that firm size can have a positive impact on both technology adoption and creation. Technology adoption is not a costless process. As first demonstrated by Teece (1976), the costs of international technology transfers are often considerable, ranging in his sample of 26 projects 2%-59% of total project costs. Thus, large firms usually have more resources for technology adoption. 
The same analysis can be allied to technology creation. Tsai (2001) suggests that large organizational units tend to have more resources with which to enhance their innovation and performance. Scale economies may favor R&D in large subsidiaries (Belderbos, 2003). In addition, larger units or affiliates may be better able to bargain with the headquarters for support for their business operations and innovation activities (Tsai, 2001; Belderbos, 2003).
Hypothesis 3: Multinational subsidiary size has a positive effect on its technology adoption and creation. 

Age

The operation period or age of a multinational subsidiary normally implies experience in the host country (Young and Tavares, 2004). This experience is important for an effective transfer of technology. MNEs have to adapt to differing societal, political, economic, and technological regimes (Beamish, 1988) and to varying preferences among buyers, suppliers, and customers (Abrahamson and Fombrun, 1994) in their different host country markets. The experiential process develops specific knowledge about the foreign culture, the institutional environment, and the site in which the firm is investing (Barkema et al., 1996), and makes it easier to adapt existing capabilities in the local environment (Delios and Beamish, 2001). 

The host-country experience also contributes to the development of new knowledge and capabilities, and this development influences a firm’s strategy and performance (Kogut, 1983; Pennings et al., 1994; Barkema et al., 1996). This experience can stimulate innovative activities and knowledge generation (Barkema and Vermeulen, 1998). 

Hypothesis 4: The age of a multinational subsidiary has a positive impact on technology adoption and creation. 
Entry Mode

The mode of entry is another subsidiary characteristic influencing technology adoption and creation. Transaction cost theory suggests that an MNE is more likely to transfer technology to its wholly owned subsidiary (WOS) than joint venture (JV) as there is a risk of opportunism on the side of the foreign partner and of potential loss of proprietary technologies to a joint venture partner (Belderbos, 2003). This explains why a number of studies tend to confirm that an MNE planning to transfer advanced proprietary technologies prefer a WOS to a JV as the mode of entry into a foreign market (Mansﬁeld and Romeo, 1980; Gatignon and Anderson, 1988; Gomes-Cassares, 1989; Hennart, 1991; Nakamura and Yeung, 1994; Mutinelli and Piscitello, 1998; Penner-Hahn, 1998; Wang et al. 2004).

On the other hand, transaction cost theory and resource-based views argue that a JV will be preferred if collaboration with the local partner permits access to complementary resources such as specific technologies and local market knowledge. Thus, there is potential value creation of combining distinct R&D capabilities of the multinational and the local partner in the case of a JV (Belderbos, 2003). Increased R&D capabilities will lead to increased technology creation. Following this line of argument, if a multinational subsidiary has a higher degree of foreign equity participation, then it may be more likely for this subsidiary to adopt technology from its foreign parent, and less likely for this subsidiary to create technology. 

Hypothesis 5a: A wholly owned multinational subsidiary facilitates technology adoption while a joint venture promotes technology creation.
Hypothesis 5b: Higher foreign equity participation leads to a higher level of technology adoption but a lower level of technology creation.

Country-of-origin

The nationality of a MNE is also expected to affect its subsidiary’s technology adoption and creation. Firstly, developed countries are the world’s leaders of technology. MNEs from the developed countries generally possess strong technological capabilities, and are the main producers of technology. They account for about half of global R&D expenditures, and at least two-thirds of business R&D expenditures (UNCTD, 2005). Therefore, more technology adoption and creation are expected in multinational subsidiaries from developed countries than those from developing countries. 
Hypothesis
 6a: Multinational subsidiaries from the developed world are more likely to be involved in technology adoption and creation than those from the developing world. 

In addition to technological capabilities, the international experience and R&D strategy of MNEs affect technology transfer, adoption and creation (Belderbos, 2003). For instance, it is found that European MNEs were the most active in the internationalization of their R&D operations, followed by American firms and then Japanese firms (Bartlett and Ghoshal, 1991; Patel, 1996). The limited overseas R&D operations of Japanese MNEs are due to their relative lack of experience as the latecomers in this regard (Westney, 1996; Belderbos, 1997, 2001) and their orientation towards manufacturability and the associ​ated speed of new product introduction (Westney, 1993) which require a relatively strong geo​graphical concentration of manufacturing, applied R&D, and engineering facilities near headquar​ters in Japan (Kenney and Florida, 1994; West​ney, 1994; Belderbos, 2003). 

Hypothesis 6b: Multinational subsidiaries from Europe and America are more likely to be involved in technology adoption and creation than those from Japan. 

Export Orientation

Export orientation may affect a multinational subsidiary’s technology adoption and creation. Belderbos (2003) suggests that a high export intensity may imply that the multinational subsidiary has the responsibility for regional or world markets in a product area rather than a more limited responsibility for the local market. Such a subsidiary may be more likely to possess substantial R&D expertise, and hence can function as an ‘international adaptor’ site or even as an ‘international creator’ site (Hakanson and Nobel, 1993; Nobel and Birkinshaw, 1998). 
Hypothesis 7: A multinational subsidiary with a high export intensity is more likely to be involved in technology adoption and creation.

Business Networks

A multinational subsidiary is simultaneously embedded in two distinctive business contexts: internally within the MNE and externally in the host-country environment. As a result, it has the potential to access resources from two distinct knowledge contexts (Almeida and Phene, 2004). 
Internal Networks

In its internal networks, a multinational subsidiary can, as part of the MNC, have the capacity to share knowledge within the MNE (Bartlett and Ghoshal, 1989). The provision of technology and managerial assistance by the MNE facilitates knowledge transfer and adoption (Lyles and Salk, 1996; Tsang, 2001). Organizations and their members also acquire knowledge from others through ‘grafting’ individuals with special expertise, such as using expatriates (Westney, 1988; Huber 1991; Lyles and Salk, 1996). In addition, Ghoshal and Bartlett (1988) argue that high levels of normative integration between the headquarters and the subsidiary will facilitate creation, adoption, and diffusion of innovations by the subsidiary, and high levels of headquarter-subsidiary and inter-subsidiary communication facilitates adoption and diffusion of innovation. 
Hypothesis 8a: Expatriates from the MNE help a multinational subsidiary’s technology adoption and creation.

Hypothesis 8b: R&D support from the MNE helps a multinational subsidiary’s technology adoption and creation.

External Networks

A multinational subsidiary can also benefit from inter-firm knowledge flows in the host country via its social, professional, and technological relationships among firms (Porter, 1990). Resource interdependencies with this external context (as well as internal context) can enhance the development of knowledge and capabilities and the innovative ability of the multinational subsidiary (Andersson and Forsgren, 2000; Almeida and Phene 2004). Andersson et al. (2001) argue that the closer a subsidiary's external business relationships with suppliers and customers the easier it will be to assimilate new knowledge from outside, the more it will be able to innovate. 
Hypothesis 8c: External networks help a multinational subsidiary’s technology creation.
Autonomy

Autonomy in decision-making is found to be associated with a multinational subsidiary’s technology adoption and creation. Ghoshal and Bartlett (1988) show that, a subsidiary with a low level of local autonomy neither creates nor diffuses innovations, but tends to be an effective adopter of new products and processes created by the parent. If resources required for innovation are highly centralized by the parent, or if application of local slack resources at the subsidiary is highly controlled by the parent, then it is impossible for the subsidiary to develop new technology as the freedom to experiment is necessary for creating innovations (Mohr, 1969).  In this case, the subsidiary heavily depends on the headquarters for technology adoption as it has neither the authority nor the capability to resist. On the other hand, a relatively autonomous subsidiary creates and diffuses more innovations but is comparatively more resistant in adopting innovation created elsewhere (Ghoshal and Bartlett, 1988). 
Hypothesis 9: Autonomy in decision-making has a negative impact on technology adoption but a positive impact on technology creation.

Technology adoption and creation
Technology adoption and creation are widely believed to be positively associated with each other. Successful technology adoption improves a firm’s technological capability, and facilitates faster learning to accumulate a higher level of technological capability (Kim, 1997). The technological capability is essential for technology creation. As Tsai (2001) argues, knowledge transfer among organizational units provides opportunities for mutual learning and inter-unit cooperation that stimulate the creation of new knowledge and contribute to organizational units’ ability to innovate (Kogut and Zander, 1992; Tsai and Ghoshal, 1998). 

On the other hand, as discussed earlier, technological capabilities are a critical factor in determining technology transfer and adoption. Technology creation will contribute to a multinational subsidiary’s technological capability, enabling it to have a greater capacity to absorb, circulate and utilize information than others. An increased absorptive capacity will lead to a greater amount of new knowledge acquired (Cohen and Levinthal 1990; Tsai, 2001). 
Hypothesis 10: A multinational subsidiary’s technology adoption and creation are positively related. 
Data, Model and Methods
Sample
We test the hypotheses using survey data from foreign subsidiaries in China. A random sample was drawn from the lists of foreign invested firms in Beijing, Chongqing and Jiangsu in China. These three locations were chosen for two reasons. Firstly, because of resource constraints, only limited locations could be chosen. Secondly, these three locations may represent different levels of development in China. Beijing is the capital and one of the commercial centers of China. Jiangsu is a highly developed industrial and commercial region in China. According to Chinese Economic Annual Report 2005 (Chinese Industrial and Commercial Bureau, 2006), Jiangsu Province was the No. 2 inward FDI destination in China. Chongqing, located in the southwest of China, is the commercial and transportation centre in western China. Comparing with eastern regions, western regions are less developed. Since the Chinese government announced the western development program more than a decade ago, Chongqing has already become one of the fastest growing areas, and is the youngest metropolitan in China. It is the lead city that can represent the western China. 

As argued by Taggart (1998), a postal questionnaire was thought to be the appropriate method of data collection for studying subsidiary roles or strategies because of resource constraint and generalizability of results. Following this research strategy, a draft research instrument was pre-tested via personal interview with chief executive officers or other senior managers of 14 multinational subsidiaries. The questionnaire was then modified and finalized. This pretest also allowed us to obtain insights into multinational subsidiaries in China, and provide an assessment of the questions’ validity and the likely reliability of the data that will be collected (Saunders et al, 2003). The questionnaire was sent to 1223 multinational subsidiaries and 493 of them responded. This led to the response rate of as high as 40.3%. Among the respondents, 205 (41.6%) were the founders or chief executive officers, 188 (38.1%) were chief financial officers and the rest (20.3%) were senior human resource managers. However, after thorough checking, 465 firms have provided valid data for the purpose of this research covering the period of 1998-2005. Because some subsidiaries are established during sample period, our dataset is an unbalanced panel.  

Model and Measures
Based on our analytical framework in literature review and hypotheses development, the following models for technology adoption and creation are specified:
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The individual measurement items for all variables are listed in Table 1. To be consistent with Simonin’s (2004) division of resource-based learning capability into human and tangible support assets, we adopt two measures of technological capabilities: the number of employees with at least college degree (em_college) and R&D expenditure (tech_inpu). For variables of competition, technological gap, technical support in the network of multinationals, external networks and autonomy, senior managers in the subsidiaries were asked to answer questions on a 5- point Likert-type scale. 
<Insert Table 1 here>
Methodology
Our survey allows us to use more direct measures of technology adoption and creation, i.e. the number of patents of the parent and sister subsidiaries applied by the receptive subsidiary in China and the number of patents owned by the subsidiary in China. Using patent data has advantages over other input measures such as R&D expenditure. The latter do not reflect whether the acquired foreign technology has been internalized successfully and whether it has increased the recipient’s technological capability. Firms may well have spent on the acquisition of technology, but fail to use it and integrate it to create new technologies. Hence, more R&D inputs do not guarantee the improvement of a firm’s technological capability. On the other hand, there are also some potential limitations to using patent data. First, not all innovations are patented or patentable. Second, the patent document usually contains extensive knowledge, while patent largely reflects codified knowledge not tacit knowledge. However, codified knowledge and tacit knowledge are closely linked and complementary (Mowery et al., 1996). Despite these, patents have been widely used as an indicator for innovations (e.g. Griliches, 1990; Almeida and Phene, 2004).
As patents are not produced with certainty, a Poisson process that describes events that happen independently and randomly in time is suitable to estimate a function of patents (Hausman et al. 1984). However, the Poisson model is subject to a condition of equality between its first two moment conditions. Because of the unobserved effects, such as the uncertainty inherent in undertaking R&D or patenting, a problem of ‘overdispersion’ may occur, whereby the conditional variance exceeds the conditional mean. In this case, a negative binomial model can be used to overcome the problem. As shown in Table 1, the variance of technology transfer and that of technology creation are substantially larger than the corresponding means. The distribution of both variables is displaying signs of overdispersion. Therefore, we present results for a negative binomial model. 

Because our data are of panel structure, the estimation procedure uses a random effects formulation to control for the unobserved subsidiary-specific effect for two considerations. First, variables such as entry mode, nationality and foreign equity share are constant within group, a fixed effects model, which focuses on year-by-year variation, would not produce the desired information. Secondly, a fixed effects model could produce noisy results when the explanatory variables are slow moving. Therefore, the use of the random effects model allows us to utilize the panel structure of our data set in a more efficient way. 

Since it is expected that there can be a bi-directional relationship between technology adoption and creation, we use the Wu-Hausman test to test for endogeneity of technology creation (adoption) in the statistical model of technology adoption (creation) to determine whether a simultaneous system of equations (1) and (2) should be estimated. If there exists a two-way relationship, the estimation of individual equations for technology adoption and technology creation respectively will lead to biased results. 

Empirical Results
The regression results as presented in table 2. Firstly, let’s examine the diagnostic test results. According to the Wald test statistics, negative binomial panel regression with random effects approach appears to fit both models extremely well. The likelihood ratio (LR) test, test of the overdispersion, indicates the standard Poisson distribution is inappropriate, justifying our use of a negative binomial model. The Wu-Hausman test for endogeneity suggests that there is an interactive relationship between technology adoption and creation, but the direction is one-way, from technology adoption to creation only, not vice versa. Hence, we employ a two-stage approach to estimate the equations. The first step is to obtain predicted values of the dependent variables from an equation including all determinants of technology adoption and creation on the right-hand side. Then we use the predicted variables in the corresponding equations of technology adoption and creation. 
<Insert Table 2 here>
Hypothesis 1: Competition
As demonstrated in table 2, the coefficient on competition is statistically significant in the technology adoption equation, but with an unexpected sign, indicating that when the degree of local competition is high, the multinational subsidiary’s technology adoption is low
. Hypothesis 1 is not supported in this equation. In contrast, hypothesis 1 is supported in the technology creation equation as the competition variable has the expected sign and is statistically significant. This is different from Tsai (2001) where the impact of competition on business unit innovation is insignificant. 
Our tentative explanation of the above results is that this may be related to China’s weak intellectual property protection. When local competition is severe, MNEs may be less willing to transfer their state-of-art technologies to China because they worry about the issues of imitation, but they may be more willing to encourage their subsidiaries to develop products and processes with indigenous features.    

Hypothesis 2: Technological capabilities
Two measures of technological capabilities are used: the number of employees with at least college degree (em_college) and R&D expenditure (tech_inpu). Both have the expected signs and are statistically significant in the technology creation regression, but are not statistically significant in the technology adoption regression. Hence, hypothesis 2 is only partially supported. The results tend to indicate that both human and tangible resources in multinational subsidiaries are more oriented towards technology creation than technology adoption. The confirmed role of human resources and R&D expenditure (tangible support assets) in technology creation agrees with Tasi (2001). 
As the subsidiary’s own technological capabilities do not seem to affect technology adoption, we wonder whether a subsidiary’s internal technology gap (the level of technological capabilities relative to the parent and other sister subsidiaries) and external technology gap (the level of technology relative to the local competitors) affect its technology adoption. An MNE would transfer technologies to its subsidiaries if the internal technological gap is large, i.e. Tech_gap1 is expected to be positive. On the other hand, a narrow external technology gap should give the MNE a reason to bring in new technology (Kokko and Blomstrom, 1995). Therefore, Tech_gap2 is also expected to be positive. As shown in table 2, only Tech_gap1 is statistically significant with the expected positive sign. This indicates that the MNE’s strategy for technology transfer is more often based on its recognition of the internal rather than external technology gap.  
Hypothesis 3: Size

Table 2 shows that subsidiary size is positive but statistically insignificant in determining technology adoption, and is negative and statistically significant in determining technology creation. The non-support of hypothesis 3 may not be a surprise as the empirical studies have so far provided mixed results on the relationships between subsidiary size and its technology adoption and creation. For instance, as Cohen and Klepper (1996) indicate, the industrial organization literature has largely failed to find that larger firms are more R&D intensive. Belderbos (2003) finds a negative although insignificant effect of affiliate size on R&D expenditures. Our explanations of the empirical findings are as follows. Firstly to a multinational, other variables such as entry mode, the level of competition in the host country are more important in the decision of technology transfer than subsidiary size. Secondly, large size provides a subsidiary with sufficient resources and scale economies for its competitive position in the host market, and may hence discourage its efforts to innovate. Another possible explanation is that, in large subsidiaries, inefficiency in innovation may occur due to the loss of managerial control and attenuation of incentives of R&D personnel. 
Hypothesis 4: Age

Similar to a number of existing studies, we use age to measure the impact of subsidiary experience in the host market. Here we also include squared age to see whether there is a diminishing effect associated with experience. Subsidiary age is found to have an opposite effect on technology adoption and creation. When the subsidiary grows older, there is less technology adoption but more technology creation, but the negative effect of age on technology adoption does diminish over time. Therefore, our results can only partially support hypothesis 4 which merely describes a linear relationship between age and technology adoption and creation. Our findings may be associated with the subsidiary’s life cycle. Initially, subsidiaries tend to rely heavily on the parent and their sister subsidiaries for technology and serve as a diffuser of knowledge. In later years the subsidiary has had more time for development, and may become more technologically independent and act as an active creator of knowledge within the multinational networks. In the case of China, it is often observed that foreign subsidiaries are initially set up for the purpose of manufacturing and the products are produced with the parent firm’s technologies. Gradually, these subsidiaries obtain knowledge of local manufacturing and market conditions which is then incorporated into new product and process design and development.  
Hypothesis 5: Entry mode

From table 2, it is apparent that hypothesis 5a is not supported as the dummy variable “JV” is statistically insignificant in both technology adoption and creation regressions. In other words, a multinational subsidiary’s decision on technology adoption and creation is not affected by its entry mode of being WOS or JV. This result is inconsistent with existing studies cited in the literature review on this topic and with Deng (2001) who notes that a large number of foreign investors in China have chosen wholly-owned subsidiary over joint venture in order to avoid the possibility of loss of control over proprietary technology and know-how and long-term competitive advantages. 
However, as the dummy treats all non-100% foreign owned subsidiaries as one category – joint venture, any possible differences within the JV category are blurred. For instance, a subsidiary with 90% foreign ownership may well behave differently from a subsidiary with only 25% foreign ownership. Hence we employ another measure of foreign ownership, i.e. foreign equity share. As can be seen in table 2, this variable is positive and statistically significant in the technology adoption regression and negative and statistically significant in the technology creation regression. Thus, hypothesis 5b is supported. This result is interesting. It implies that, with foreign ownership increasing, a multinational subsidiary will be more willing to receive new technologies from its parent (so will be the parent to transfer them) as high equity share increases proprietary technology controlled by the foreign partner. With foreign ownership increasing, a subsidiary reduces the amount of distinct R&D capabilities contributed by the local partner, which can have a negative impact on subsidiary innovations. A wholly-owned subsidiary is only one special case in this whole range of ownership arrangement. 

Hypothesis 6: Nationality

In terms of nationality, our results show that there is no significant difference in terms of technology creation in multinational subsidiaries of different country of origin, except in those from other Asian economies than Japan, Hong Kong, Macao and Taiwan that appear to have developed significantly fewer new technologies. Thus, hypothesis 6a is not supported. Our results tend to suggest that technology creation by a multinational subsidiary depends on a number of factors. Whether its parent has strong technological competences may not be sufficient for its subsidiaries to create new technologies by themselves.  

Table 2 also shows that multinational subsidiaries from Japan and EU are more likely to adopt technologies from their parents and sister subsidiaries than those from other economies such as the United States, Australia and Hong Kong, Macao and Taiwan. This does not fully agree with Bartlett and Ghoshal’s (1991) and Patel’s (1996) observation that American firms are more active in the internationalization of their R&D operations than Japanese firms. Thus, hypothesis 6b is not fully supported. One possible reason is that our data are much more recent which are able to demonstrate that Japanese MNEs are now already experienced and rather active in overseas expansion of R&D.
Hypothesis 7: Export orientation
As table 2 shows, a multinational subsidiary’s export orientation does not stimulate its technology adoption from its parent, but it has a significant positive impact on technology creation in multinational subsidiaries in China. Thus, hypothesis 7 is partially supported. In an emerging economy like China, multinational subsidiaries are more likely to see it as an export base of labor-intensive products. This is consistent with the fundamental comparative advantage this country possesses. In this case, the products exported by a subsidiary require technologies which should be as compatible with China’s natural endowments of large-labor force as possible. Technologies directly adopted from the parent may not be very suitable. Instead, technologies created by the subsidiary may be more relevant. Thus, a more export-oriented multinational subsidiary may be involved in less technology adoption, but more technology creation. 
Hypothesis 8: Business networks

Hypothesis 8a is not supported at all, because the variable em_exp is statistically insignificant in both technology adoption and creation equations. Hypothesis 8b is supported for the technology adoption equation but not in technology creation equation as the corresponding variables are highly significant in the former and statistically insignificant in the latter. Put another way, the internal business networks only have a positive impact on technology adoption, but not creation. This result is consistent with some studies of technology transfer, e.g. Lyles and Salk (1996) and Tsai (2001) but not with some technology creation studies such as Almeida and Phene (2004). One likely explanation is that the main purpose of MNEs providing R&D support to their subsidiaries in China is to help their adoption of the existing technologies rather than creation of new technologies by themselves. 
Table 2 shows that the impact of external networks on TC is statistically insignificant. Thus, hypothesis 8c is not supported. Again, this may be related to the nature of China as a host emerging or developing country. The technological capabilities of local Chinese firms are in general not high, and multinational subsidiaries may not be able to significantly benefit from their links with these firms in terms of technology creation. This may explain why our results are inconsistent with Andersson and Forsgren (2000), Andersson et al. (2001) and Almeida and Phene (2004). 
Hypothesis 9: Autonomy in R&D

Autonomy appears to be insignificant in both technology adoption and creation equations. Therefore, hypothesis 9 is not supported. One possible explanation is that, although multinational subsidiaries are assigned autonomy by their parents, there might be a lack of subsidiary initiative to make best use of the decision-making power in order to be actively engaged in technology adoption and creation. As defined by Birkinshaw (2000), subsidiary initiative is ‘undertaken with a view to expanding the subsidiary’s scope of responsibility’. With an initiative to develop technological capabilities, autonomy in R&D decision-making could be effectively utilized to proactively promote technology adoption and creation. 
Hypothesis 10: Relationship between technology adoption and creation
From table 2, we can find that technology creation has the expected positive sign, but is statistically insignificant. On the other hand, technology transfer not only has the expected positive sign, but also is statistically significant. Put another way, while technology adoption significantly affects technology creation, the latter is not a significant determinant of the former. Thus, hypothesis 10 is only partially supported. Our tentative explanation is as follows. Technology adoption may well enhance a subsidiary’s technological competences and ability to innovate. However, once successful in innovations, the subsidiary will have a high level of slack resources such as R&D and manufacturing capabilities. According to Ghoshal and Bartlett (1988), slack resources may impede adoption because “local search activities promoted by slack may identify valid reasons why direct adoption of innovations created in other environments is not appropriate”. 
To summarize, our results show that local market conditions, subsidiary characteristics and business networks have significantly different impacts on technology adoption and creation. Specifically, (1) hypothesis 1 suggests that local market competition has a positive impact on technology transfer and creation, but it is found to have a negative impact on technology transfer but a positive impact on technology creation. (2) Results show the human and financial resource elements of technological capabilities appear to have a positive impact on technology creation only, although hypothesis 2 suggests that both elements have a positive impact on technology adoption and creation. (3) Size is found to only negatively affect technology creation, while hypothesis 3 suggests that it positively affects technology adoption and creation. (4) Hypothesis 4 argues that age may have a linearly positive impact on both technology adoption and creation, however, it is found that age affects technology adoption in a non-linear way and has a linearly positive impact on technology creation. 

Turning to the remaining hypotheses, (5) entry mode appears to have no significant impact, but foreign equity participation positively affects technology adoption and negatively affects technology creation. Thus, hypothesis 5 is supported only in the latter case only. (6) Multinational subsidiaries from Japan appear to be more active in technology adoption, but no systematic behaviors among foreign firms are found in their technology creation except for those firms from Asian countries other than Japan, Hong Kong, Macao, Taiwan and Singapore who seems to be significantly lagging behind. These results only partially support hypothesis 6 which suggests that multinational subsidiaries from the developed countries are more active in both technology adoption and creation than those from the developing countries, and that multinational subsidiaries from the EU and North America would be more active than those from Japan. (7) Export orientation has little impact on technology adoption, but positively affects technology creation, while hypothesis 7 suggests that it should positively impact technology adoption and creation. (8) Internal business networks positively affect technology adoption, but not technology creation, and external business networks do not seem to affect technology creation. Hence, hypothesis 8 is only partially supported because it suggests that both internal and external networks should positively affect technology adoption and creation. (9) Autonomy has no impact on technology adoption and creation which doesn’t support hypothesis 9 at all. Finally, (10) technology adoption is found to be a determinant of technology creation while our hypothesis 10 suggests that the two phenomena should reinforce each other. 

Discussions and Conclusions
Technology adoption and creation in subsidiaries are essential for MNEs to enhance their competitiveness in the global market. Although these two important phenomena have been investigated in separate studies, little is known about their relationships. The current paper has aimed to fill in this research gap. Hypotheses have been developed and tested on data collected from 465 multinational subsidiaries in China for the period 1998-2005.

Our empirical results only partially support the hypotheses for several reasons. Firstly, this may be due to the unique institutional, economic and technical characteristics of China as an emerging host economy. For instance, the unexpected sign of competition on technology adoption may be caused by China’s weak intellectual property protection. The different impact of export orientation on technology creation and adoption may be caused by multinational subsidiaries’ efforts to create compatible technologies with China’s natural endowments of cheap labor force rather than rely on technologies from the parents for their production. Furthermore, the insignificant impact of external business networks on technology creation may be due to the fact that multinational subsidiaries do not benefit from their links with local Chinese firms in terms of innovation because these local firms as a whole do not possess strong technological competences. However, this does not mean that multinational subsidiaries can learn nothing from local Chinese firms. On the contrary, both case and statistical evidence suggests that spillovers of Chinese firms’ local knowledge and indigenous technologies positively affect the productivity of multinational subsidiaries in Chinese manufacturing (Wei at al. 2008). 
Secondly, some economic phenomena described in the literature may already be outdated. This may explain why we find that multinational subsidiaries from Japan are not necessarily less active in the internationalization of R&D operations than those from the EU and America. Thirdly, some widely recognized hypotheses need to be refined in order to more accurately theorize business relationships. For instance, the insignificant impact of entry mode may be due to the simple division of a whole series of ownership arrangements into two categories only. Foreign equity participation may be a better variable to be examined. 
The data set of this research is very unique. It contains mostly the hard statistics such as the number of patents, share of employees with college education, R&D expenditure, entry mode, foreign equity share and country of origin, but also some self-assessment based data such as R&D support, internal and external links and subsidiary autonomy. While the second type of data is as important as the hard statistics for the current research, the limitation is that it is based on subsidiary memory of its operation history. While every effort is made to ensure the retrospective to be as accurate as possible (e.g. comparing responses with all available historical data), it is no substitute for truly longitudinal research. As a result, caution should be used when interpreting the relevant results. 
The results from this study bear a number of policy and managerial implications. Firstly, institutional improvements in areas such as intellectual property protection enhance the impact of healthy competition and hence stimulate technology adoption and creation. Secondly, as foreign equity participation is positively related to technology adoption but negatively related to technology creation, inward FDI policy can be selective. Although technologies adopted by multinational subsidiaries may gradually spill over to local firms, the encouragement of local equity participation in multinational subsidiaries is an effective channel to promote technology creation in the host economy. Thirdly, multinational enterprises need to encourage their subsidiaries to develop both human-resource and tangible support elements of their technological capabilities, so that they can be well positioned to create technologies. Fourthly, subsidiary managers need to realize that size is not essential for technology adoption, let alone technology creation, although it may be an important source of scale economies. Fifthly, in order to effectively adopt technology, subsidiary managers need to pursue R&D support from their parent firms. Finally, in order to effectively create technology, subsidiary managers need to be actively involved in technology adoption. By so doing, the international competitiveness of not only the subsidiaries but also their parent firm can be significantly enhanced. 
One important theoretical implication is that we should not take it granted that seemingly common factors of technology adoption and creation would affect these two important phenomena in the same directions. As one aspect of future research, a comparative study can be conducted to see if the findings in China can be generalized to other countries, especially those transition economies.
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Table 1 Measure of Variables and Descriptive Statistics

	Variables
	Expected 

sign
	Description
	Obs
	Mean
	s.d.
	Min
	Max

	Technology

adoption(TA)
	
	Number of patents from the parent and sister subsidiaries adopted 
	2380
	3.670
	11.893
	0
	138

	Technology

creation(TC)
	
	Number of patents owned by the subsidiary
	2382
	2.731
	10.066
	0
	122

	Competition
	-
	“Competition: what is the level of competition with local Competitors?” 

1 = very fierce, …, 5 = not fierce at all
	2380
	2.144
	0.855
	1
	5

	em_college
	+
	the number of employees with at least college degree
	2381
	104.508
	195.448
	0
	2532

	tech_inpu
	+
	Subsidiary’s R&D expenditure
	2374
	1645.457
	7681.939
	0
	150001

	Technology

capability1

(TECH_GAP1)
	+
	“TECH_GAP1: what is the technological level of the subsidiary relative to the parent and other sister subsidiaries?” 

1 = very advantageous, …, 5 = very disadvantageous.
	2379
	3.326
	1.064
	1
	5

	Technology

capability2

(TECH_GAP2)
	+
	“TECH_GAP2: what is the technological level of the subsidiary relative to local Competitors?” 

1 = very advantageous, …, 5 = very disadvantageous.
	2379
	2.267
	0.904
	1
	5

	Size
	+/-
	Total capital
	2376
	16846.09
	77943.78
	17
	1250000

	Age
	+/-
	Number of years of operation up to 2006
	2207
	5.714
	3.597
	1
	20

	Age2
	+/-
	Squared Age
	2207
	45.581
	50.761
	1
	400

	JV
	+/-
	1 = joint venture; 0 = wholly owned subsidiary
	3451
	0.613
	0.487
	0
	1

	US
	
	1 = US-invested firms; 0 = otherwise
	3451
	0.164
	0.371
	0
	1

	Japan
	
	1 = Japanese-invested firms; 0 = otherwise
	3451
	0.134
	0.341
	0
	1

	Canada
	
	1 = Canadian-invested firms; 0 = otherwise
	3451
	0.020
	0.141
	0
	1

	Australia
	
	1 = Australian-invested firms; 0 = otherwise
	3451
	0.014
	0.118
	0
	1

	EU
	
	1 = EU-invested firms; 0 = otherwise
	3451
	0.185
	0.388
	0
	1

	HMTS
	
	1 = Hong Kong, Macao, Taiwan and Singapore-invested firms; 0 = otherwise
	3451
	0.371
	0.483
	0
	1

	Asia
	
	1 = Other Asian-invested firms; 0 = otherwise
	3451
	0.079
	0.270
	0
	1

	Foreign equity

(For_equity)
	+
	Share of foreign equity in the subsidiary 
	3451
	67.163
	29.003
	8
	100

	Export orientation
(Export_Orient)
	-
	Share of exports in total sales
	2378
	27.995
	37.097
	0
	100

	em_expat
	+
	Number of expatriates
	2383
	7.773
	14.283
	0
	117

	Internal Business

Networks
(In_RD_Support)
	-
	“In_RD_Support: to what extent do the parent firm and other sister subsidiaries provide R&D support?”

1 = Very helpful…, 5 = Very unhelpful.
	2379
	1.799
	0.734
	1
	4

	External Business Networks 
(Ex_RD_Support)
	-
	“Ex_RD_Support: to what extent, do local cooperative partners provide R&D support?”

1 = Very helpful…; 5 = Very unhelpful
	2380
	2.351
	0.600
	1
	4

	Autonomy
	+
	“Autonomy: who makes decision on subsidiary’s R&D?” 

1 = the subsidiary; 0 = the parent makes decision.
	2379
	0.695
	0.460
	0
	1


Table 2: Negative Binomial Panel Regression, Random Effects
	Hypothesis
	Variable
	Expected

sign
	Technology transfer
(TA)
	Technology creation
(TC)

	H1: Competition
	Competition
	-
	0.237**

(0.120)
	-0.229***

(0.058)

	H2: Technology capability
	em_college
	+
	3.447E-04

(1.358E-03)
	1.204E-03**

(5.561E-04)

	
	tech_inpu
	+
	-6.320E-06

(1.140E-05)
	1.330E-05***

(5.260E-06)

	
	Tech_gap1
	+
	0.175***

(0.049)
	

	
	Tech_gap2
	+
	-0.003

(0.133)
	

	H3: Size
	Size
	+
	2.550E-06

(3.100E-06)
	-3.850E-06***

(7.650E-07)

	H4: Age
	Age
	+
	-0.137**

(0.063)
	0.135***

(0.031)

	
	Age2
	+/-
	0.002**

(0.001)
	-0.002

(0.001)

	H5a: Entry Mode
	JV
	+
	0.183

(0.500)
	0.298

(0.492)

	H5b: Foreign equity share
	For_equity
	+
	0.021**

(0.009)
	-0.017**

(0.009)

	H6: Country-of-origin
	US
	
	0.414

(0.380)
	-0.239

(0.542)

	
	Japan
	
	0.866**

(0.424)
	-0.731

(0.570)

	
	Canada
	
	1.154

(0.868)
	-1.260

(1.030)

	
	Australia
	
	-0.049

(0.654)
	-0.021

(0.998)

	
	EU
	
	0.475

(0.477)
	-0.046

(0.591)

	
	HMTS
	
	0.562

(0.589)
	-0.792

(0.499)

	
	Asia
	
	1.193

(0.835)
	-1.353**

(0.645)

	H7: Export orientation
	Export_Orient
	+
	-0.008

(0.007)
	0.010***

(0.002)

	H8a: Internal Networks
	em_expat
	+
	0.005

(0.008)
	0.004

(0.005)

	H8b: Internal Networks
	In_RD_Support
	-
	-0.403***

(0.113)
	0.087

(0.141)

	H8c: External Networks
	Ex_RD_Support
	-
	
	0.039

(0.056)

	H9: Autonomy
	Autonomy
	+
	-0.021

(0.099)
	-0.061

(0.069)

	H10: Technology creation
	TC
	+
	0.805

(0.707)
	

	H10: Technology adoption
	TA
	+
	
	0.406*

(0.245)

	
	Regional Dummies
	
	Yes
	Yes

	
	Diagnostic tests
	
	
	

	
	Wald
	
	468.93***
	348.36***

	
	LR
	
	1653.25***
	1373.89***

	
	Wu-Hausman
	
	1.29
	2.75*


Notes: Standard errors are in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% level, respectively. The omitted dummies are: wholly foreign owned subsidiaries, foreign firms from other developing countries than Asia and no autonomy.















� Please note that, as shown in Table 1, the questionnaire is designed in such a way, 1=very fierce and 5 = not fierce at all. Hence we expect a negative sign for variable competition. 
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