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Foreign Ownership Structure and Product Innovation in China
Abstract

This paper offers the first systematic study of the relationship between ownership structure of foreign direct investment and product innovation. Seven hypotheses are synthesised from the literature and tested on two cross-section data sets each containing over 10,000 foreign or overseas Chinese invested firms in China. The results from probit and censored quntile tobit models show that contractual joint ventures, equity joint ventures and joint stock enterprises are the better organisational forms than wholly owned enterprises in increasing probability of product innovation. Foreign ownership plays a more important role than overseas Chinese ownership in raising both probability and intensity of product innovation. Large capital participation by a foreign (overseas Chinese) investor helps (leads) the firm to overcome (increase) the initial hurdle to become a product innovator. Once this threshold is overcome, the stock of knowledge rather than a large share of foreign capital raises innovation intensity. Important policy implications are discussed in the paper.

Foreign Ownership Structure and Product Innovation in China 
I. Introduction
Foreign direct investment (FDI) is seen as an important vehicle for the transfer of technology and skills, and the promotion of technological change and economic growth (Walz, 1997; Barrel and Pain, 1997; Borenstein et al, 1998). Undoubtedly the principal source of technological progress is innovation. There is a very large literature on technology transfer and spillovers from FDI. Recent examples include Barrel and Pain (1997), Olofsdotter (1998), Aitekn and Harrison (1999), Sjoholm (1999) and Liu et al, (2000). Research  is also carried out on the relationship between entry modes (or ownership structure) and productivity, or financial/perceived performance of FDI (e.g. Woodcock, Beamish and Makino, 1994; Nitsch, Beamish and Makino, 1996; Pan, Li and Tse, 1999; Brouthers, Brouthers and Werner, 2000). However, little is known about how the ownership structure of FDI affects innovation. Are joint ventures (JVs) and other forms of strategic alliances superior to wholly foreign owned enterprises in promoting innovation? Does capital participation by different groups of foreign investors have different impacts on innovation?  
Teece (1992) suggests that different ownership arrangements such as contractual agreements, alliances, joint ventures and full-scale internal organisations have different implications for innovation. If this argument is extended to the area of international business, then different ownership arrangements of FDI are expected to represent different  modes of exploiting and augmenting technological capabilities, and should have varying impacts on innovation. 

The current paper attempts to synthesise the ideas of Teece (1992) and others to study the linkage between ownership structure of FDI and product innovative activities. It offers the first systematic research of this kind. In this paper, product innovation is examined in terms of both probability of being a product innovator and the intensity of innovative activities. Probit and tobit techniques are then used respectively to test the hypotheses on two large cross-section data sets each consisting of more than 10,000 firms in seven industries in China for 1998 and 1999. 

The use of the Chinese data can provide very rich information. China is among the world's largest hosts of FDI and foreign affiliates in China show a very diverse spectrum of organisational and ownership arrangements. According to the official definitions, ownership arrangements of FDI in China include wholly owned enterprises (WOEs), contractual joint ventures (CJVs), equity joint ventures (EJVs) and joint stock enterprises (JSEs). These firms are fully or partially owned by two types of "foreign" investors by the Chinese definition: overseas Chinese from Hong Kong, Macao and Taiwan (HMT) and foreign investors from other countries such as the U.S., Europe and Japan
. Thus, where there is a need to differentiate between these two groups of foreign investors in this study, we define the former as overseas Chinese investors and the latter as other foreign investors. Furthermore, in the case of JV arrangements, a Chinese partner can be a state-owned enterprises (SOE), a collectively owned enterprise (COE), a legal person (LP) and an individual person (IP). The existence of these foreign ownership arrangements enables us to answer the questions raised in the first paragraph of this section. 

The paper is organised as follows. The next section reviews the literature from which relevant hypotheses are developed. Section III describes the data, empirical models and estimation methods. Section IV presents the empirical results. Finally, section 5 summaries the findings and discusses policy implications.

II. Literature Review and Hypothesis Formation
There are a number of studies, mainly empirical, on the impact of entry mode or ownership structure of FDI on subsidiary performance. Measures of performance include simple outcome-based financial indications such as profitability in Pan, Li, and Tse (1999), survival based appraisal in Pan and Chi (1999), and multi-dimentional measurements such as "satisfaction with performance" in Brouthers, Brouthers and Werner (2000). Woodcock, Beamish and Makino (1994) suggest that different entry modes have different performance outcomes based on their resources and organisational control demands. Pan, Li and Tse (1999) and Pan and Chi (1999) find that EJVs perform better than CJVs or WOEs. Brouthers, Brouthers and Werner (2000) argue that firms whose entry mode choices can be predicted using multiple risk measures are significantly more satisfied with their performance than other firms. 
Little research has been reported on the relationship between entry mode or ownership structure and product innovation. In the traditional industrial organisation literature, special attention is paid to the relationship between market structure and innovation, and between firm size and innovation. Non-market forms of cooperation are largely ignored.
In his pioneering study, Teece (1992) focuses on the relationship between governance structure and innovation. His argument is that "when high technology activities are at issue, contractual agreements, alliances and joint ventures are likely to be superior to full-scale internal organisation". This is because innovation involves a whole procedure of development and profitable commercialisation of new technology. As very few firms can successfully 'go it alone' any more, there is a need for both operational and strategic coordination. Operational coordination facilitates (1) access to complementary technologies and complementary assets such as marketing, competitive manufacturing, reputation and after-sales support on favourable terms; (2) close coupling of the developer of the new technology to the user; (3) coupling to competitors to reduce wasteful duplicate R&D expenditure and diversify risk; and (4) connections to prior, complementary and enabling technologies. Strategic coordination influences the distribution of returns to innovation to ensure that economies and advantages from innovation are attained. 

The ideas of Teece (1992) can be readily incorporated into the analysis of the relationship between foreign ownership structure and product innovation. In the Chinese case, a WOE is a special example of a full-scale internal organisation. CJVs are non-equity forms of strategic alliances, and  an EJV and a JSEs are equity forms of strategic alliances. 

It is argued that the exchange of many types of knowledge is characterised by high transaction costs (Buckley and Casson 1976, Rugman 1981, Hennart 1982 and 1991, Teece 1983, Caves 1996). Therefore, parent firms with a relatively full complement of resources, especially if these resources are uncodified or poorly protected proprietary knowledge, tend to choose WOEs. On the other hand, parent firms will choose JVs when they need complementary intermediates whose purchase on the market would entail high contraction costs, and which would be costly to obtain though replication or full acquisition (Hennart, 1991). This line of analysis implies that when a firm establishes a WOE, it is mainly exploiting its own technological resources.

The fact that a parent firm with the full complement of resources sets up a WOE may indicate that the WOE has sufficient capacities for production in the host country, but does not necessarily mean that the WOE has sufficient technological capabilities for product innovation. If, however, a firm sets up a JV or forms another type of strategic alliance, the firm is acquiring strategic resources from the host country. Put another way, the firm creates or gains access to resources and capabilities which complement its existing core competencies, and captures the technological and marketing synergies offered by the partner firm in the host country (Dunning, 2001). Given the technical capabilities, a firm forming strategic alliances with other firms in the host country gains access to complementary strategic resources and will be more likely to succeed in innovation than the firm just "goes it alone". As complex forms of operational and strategic cooperation are usually necessary to promote innovation (Teece, 1992), the following hypothesis can be developed:

H1: An EJV/CJV/JSE has higher capabilities to develop new products than a WOE.

As mentioned earlier, innovation requires a special set of information on appropriate technologies and effective manufacturing and marketing knowledge so that intra- and inter-firm operational and strategic cooperation is often necessary for innovation. Thus, the success of innovative activities depends on the quality and complementarity of the strategic resources pooled by both foreign and local partners. It is generally the case that MNEs from the developed world have higher technological and manufacturing capabilities than those from HMT. Thus, other foreign investors tend to have higher propensity to innovate than overseas Chinese investors from HMT. Therefore, our second hypothesis is:

H2: Other foreign investors are more likely to conduct product innovation than overseas Chinese investors from HMT.

In the FDI literature, local firms are believed to have better knowledge of local conditions regarding factor endowments and skills of employees (e.g. Beamish, 1988). With the superior knowledge of local markets, consumer preferences and business practices, local partners can help MNEs to bring in technologies suitable for local conditions (Blomstrom and Sjoholm, 1999). The information on local conditions and practices is part of complementary assets as defined in Teece (1992). In addition, local partners in many cases can provide complementary technologies necessary for innovation. In recent years, strategic alliances, particularly those geared towards innovatory activities, have become an increasingly important component of corporate strategy. A firm may expand production and sales abroad in order to not only draw on its technology asset, but also gain resources to develop this asset (Caves 1996). Several recently published studies have shown that MNEs from all countries, are increasingly reaching their national boarders to create or gain access to resources and capabilities which complement their existing core competencies (Dunning, 2001). Thus, the success of product innovation is dependent on the possession of complementary technologies and assets by local partners. 

As indicated earlier, local Chinese partners are of four types: SOEs, COEs, LPs and IPs. SOEs are traditionally larger than COEs, and have long been supported by the Chinese government's fiscal and monetary policies for innovation. The legal person system results from the recent corporatisation of Chinese enterprises, especially large SOEs. What legal persons represent are the limited liability corporations and these firms normally have strong incentives for product and process innovations. IPs are natural individuals, and they were not allowed to form JVs with foreign investors until recently. Resources committed by IPs are relatively small sized. Thus, SOEs and LPs are expected to have higher technological and manufacturing capabilities than COEs and IPs. In the JV-type organisations, capital participation by SOEs and LPs should be more positively associated with product innovation than that by COEs and IPs.

In addition, following the discussion which leads to the formation of hypothesis 2, capital participation by overseas foreign investors is expected to play a more important role in product innovation than that by overseas Chinese investors. Our third hypothesis is as follows:

H3: Capital participation by SOEs and LPs play a more important role than COEs and IPs, and that by other foreign investors contributes more positively than overseas Chinese investors in international strategic alliances for product innovation.

While the focus of this study is on the impact of foreign ownership on product innovation, some other factors which are believed to have important influences on innovative capabilities are also included in our estimation models as control variables. As mentioned earlier, innovation involves the development and profitable commercialisation of new technology. Technological knowledge, marketing expertise and competitive manufacturing are all important. In a WOE, CJV, EJV or JSE, the knowledge required for innovation is either transferred from parent firms or created and accumulated via its own in-house R&D in the host country. The higher the knowledge stock, the higher the firm's innovative capability. Therefore, the fourth hypothesis in this study is as follows:

H4: The stock of knowledge is positively related to product innovation.

Another possible influence is firm size. Schumpeter (1942) argues that large firm size is necessary to promote innovation for three reasons: only large firms can afford the cost of R&D programmes; large, diversified firms can absorb failures by innovating across broad technological fronts; and firms need some element of market control to reap the rewards of innovation. There have been a large number of studies on the relationship between firm size and innovative activities since, but the results are inconclusive. Teece (1992) argues that in some circumstances cooperative agreements can enable smaller firms to emulate many of the functional aspects of large integrated enterprises, without suffering possible dysfunctions sometimes associates with large size. This implies that firm size may not be important for product innovation.

Although the results are mixed, firm size is traditionally considered as a possible determinant of innovation because a large firm size often suggests a large amount of strategic resources. Accordingly, the fifth hypothesis in the current study is:

H5: Firm size may be positively related to product innovation. 

A further factor which may affect innovations is the location - whether it is located in an urban or peripheral area. It is suggested that urban areas are characterised by high population density and a high proportion of professional and technical expertise. These are important strategic resources for innovation. The so-called urban or regional hierarchy model argues that urban environments have strong positive effects on measures of product innovation outputs (Roper 2001).

In the case of China, industrial and commercial activities have traditionally been concentrated in the coastal areas. These regions have much better industrial bases and infrastructure and more qualified technical and managerial personnel than the inner regions. In addition, the Chinese government had until recently encouraged FDI to be located in the coastal areas by providing preferential policies. By the end of 1998, approximately 87 per cent of the cumulative FDI was located in the coast areas (Wei and Liu 2001, p. 27). The combination of concentrated FDI and local industrial and commercial activities should be expected to provide agglomeration advantages in the coastal areas. Following the urban or regional model, the following hypothesis seems to be valid:

H6: Foreign-invested firms located in the coastal areas are expected to perform better than those in the inner areas in terms of product innovation.

Another factor of interest in this study is the linkage between the time length of a subsidiary's operations in the host country and innovative activities. If FDI is an important source of technology and innovations, how will this role change over time? Little discussion on this issue can be found in the existing literature. It may be the case that the longer a subsidiary stays in the host country, the more knowledge (including local knowledge) the subsidiary can accumulate for product innovation. However, a counter-argument can be that, so long as there is demand for its products, an established subsidiary may no longer have strong incentive for product innovation. From this brief discussion, the following hypothesis is tested:

H7: The longer a subsidiary stays in a host country, the more product-innovative the subsidiary will be.

III. Econometric Models, Data and Methodology

To test the seven hypotheses proposed in the preceding section, the following three empirical models are established:
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In Equation (1), 
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PI

 is a product innovation indicator for firm i. Product innovation leads to a new product. According to the Chinese definition, a new product can be either a novel or an improved product. In the later case, the quality and/or the function of an existing product should have undergone a significant improvement by an adoption of a new structure, material or manufacturing technique. A new product normally requires approval by the government authorities. A new product is valid for 1-3 years from the date of batch production if it is a consumer product, and for 2-4 years if it is a capital good. 
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PI

 is measured by the ratio of new product value to the firm's total industrial output.
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ORD

 is an organisation dummy with four categories: WOE, CJV, EJV and JSE. WOE is treated as the base category in this study.
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FOD

 is a "foreign" dummy with two categories. It is equal to 1 if affiliate i is an other foreign firm, and equal to 0 if it is an overseas Chinese firm.
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KLG

 is a knowledge variable. Technological knowledge is one form of intangible assets that can serve as a source of competitive advantage (Barney 1991; Isobe, Makino and Montgomery 2000). A rough proxy for the stock of knowledge is the values of intangible assets the affiliate possesses (Liu et al. 2000), and is defined as the ratio of intangible assets to total assets in affiliate i.
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FS

 is firm size. In this study, two alternative measures are used. FS1 is total investment, and FS2 is total employees. 
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OT

 is the operating time, i.e. the time length (years) of affiliate i's operation in China.
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  is an industry dummy with seven categories: food processing and manufacturing (base category), garment, machinery, pharmaceuticals, transport equipment, electrical goods, and electronic goods. The industry dummy  is included in the model as the control variable. 
Finally, 
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RGD

 is a region dummy with 1 representing the coastal areas and 0 the inner areas. 

As discussed in the preceding section, 
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 are expected to have a positive impact on product innovation. 

In Equation (2),
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LCR

 is a set of local capital ratios in a CJV, EJV or JSE, indicating the degree and variety of local participation in product innovation. It includes the ratios of capital contributed by a state enterprise (SER), a collective enterprise (CER), a legal person (LPR) or an individual person (IPR). In most cases, there is only one local partner in a CJV or EJV. As mentioned before, the SER and LPR are expected to contribute more positively than the CER and LPR.
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FCR

 is the foreign capital ratio.  As discussed in the literature review, a positive relationship between 
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In each affiliate, the shares of capital contributed by the local Chinese partner (
[image: image23.wmf]i

LCR

), the foreign investor (
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) and the overseas Chinese investor (notated as
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, which are of particular interest to us, can be obtained from  (2), the estimation of  (3) is unnecessary and therefore not performed.

The data used for the current study are from the Annual Report of Industrial Enterprise Statistics compiled by the State Statistical Bureau of China, covering 10,490 and 10,614 firms with foreign investment in seven industries for 1998 and 1999 respectively. The two separate data sets are used to test the robustness of the econometric models. Table 1 provides descriptive statistics on product innovation by organisational form, ownership structure, industry and region. It seems that on the average JSEs had the highest level of product innovation, followed by EJVs, CJVs and WOEs. Foreign affiliates performed better than overseas Chinese affiliates in terms of product innovation.  

As 
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PI

 is measured by the ratio of new product value to total industrial output, two alternative product innovation output indicators can be used for estimation. The one is the probability that a foreign invested affiliate would introduce new or improved products, which is only observed as the binary variable indicating that an affiliate did (PI > 0) or did not (PI = 0) innovate. The nature of the dependent variable dictates that probit estimation is appropriate. 

The other indicator is innovation intensity (i.e. the share of new product in total value of industrial output). Innovation intensity shows the ability of firm i to conduct product innovation.  Product innovation will take on a positive value if this measure of ability is positive, and will take on a value of zero if this measure of ability is zero or negative. When data on the dependant variable are left-censored at zero, the distribution to the sample data is a mixture of discrete and continuous distributions. Therefore, tobit or censored regression is suitable here (Greene, 1997, p. 960). 

Before probit and tobit estimations of Equations (1) and (2) are made, specification tests need to be carried out. Greene (1997) suggests that if the disturbances in the underlying regression are heteroscedastic, then the standard maximum likelihood estimators (MLEs) for the probit model are inconsistent and the covariance matrix is inappropriate. In this study, the LM test is carried out. If there is heteroscedasticity, the White procedure will be applied to correct the covariance matrix. The calculation of goodness of fit uses the formulation constructed by Zavoina and Mckelvey (1975):
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MLE is also a standard method for the tobit model. One major difficulty is that tobit MLEs are not consistent under heteroscedasticity or non-normality (Amemiya 1984). Several specification tests have been proposed to test heteroscedasticity and non-normality. One of them is the conditional moment (CM) test suggested by Newey (1985) and Tauchen (1985). Sleels and Vella (1999) provide a Monte Carlo examination and conclude that the test works well for the tobit model. 

The logic of the CM test is as follows. The model specification implies that certain moment restrictions will hold in the population from which the data were drawn. If the specification is correct, then the sample data should mimic the implied relationships. 

When the model is correctly specified, E[m(y,
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where M is an n 
x j matrix whose i’th element is  
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When testing for non-normality is carried out, the moment restrictions are
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The test results in this study suggest that the distribution is normal but heteroscedasticity is severe. 

In recent years, semi-parametric estimation methods have been devised for limited dependent variable models to avoid making restriction on the distribution of the error term. One of such semi-parametric estimation methods is Powell's (1984, 1986) censored least absolute deviations (CLAD). Another method is the symmetry least square estimator. While the two methods are robust to the presence of heteroscedasticity so long as the true distribution of the error term is symmetric and unimodal, they are not always applicable. Moon (1989) conducts a Monte Carlo experiment and finds that LAD performs well when the sample size increases and the censoring rate lowers.  However, in the same study, Moon finds that Powell’s (1984, 1986) LAD seems to be highly biased when censoring is heavy and sample size is small. The same observation is made by Paarsch (1984). Another problem with LAD is that it is not guaranteed to find the global minimum (Johnson, p445). 

An alternative estimation is the censored quantile regression (CQR) (Powell, 1984, 1986; Buchinsky, 1994). It is applicable when the censor rate is high. CLAD is a special case of CQR when the quantile is 50th and is particularly useful when the censor rate is median. Given the high-degree censored observations in this study (that is, the proportion of sample for which the dependant variable is observed is small), the conditional quantile model has to be estimated at least at the 90th quantile. In this paper the models are estimated at the 95th quantile. We also estimate the models at 90th quantiles, and the qualitative results are very similar to those obtained for the 95th quantile and are available on request. The variance covariance matrix of the parameter estimates is computed using bootstrap re-sampling techniques.
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where q is simply a quantile or percentage. The basic idea of this method is to estimate the quantile regression over all observations and then use the estimated 
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 to predict y for all observations. Toss out all observations for which y < 0.  Then run the quantile regression again.  Keep doing this until the estimates converge.       

IV. Empirical Results

Table 2 reports the probit estimation results for Equation (1), i.e. how the organisational forms and ownership structure affect the probability that affiliates with foreign investment introduce new or improved products. There are two specifications for Equation (1). Specification I uses FS1 and Specification II applies FS2 respectively as the measure of firm size. The alternative measures are used to test the robustness of the model. 

From Table 2, the coefficients on CJVs, EJVs and JSEs are all positive and statistically significant, showing that they are more likely to be product innovators than WOEs.  This is consistent with the descriptive statistics provided in Table 1. More specifically, the marginal effects for CJVs, EJVs and JSEs suggest that the adoption of a CJV, EJV or JSE tends to increase the probability that an affiliate would introduce new or improved products by 0.6 to 8 per cent compared to the adoption of a WOE. This lends support to hypothesis 1. Among the JV-type organisational forms, EJVs and JSEs are better than CJVs in terms of their probability of product innovation, although it is impossible to decide the superiority between EJVs and  JSEs. This pattern is not influenced by the change in the measure of firm size, showing the stability of the model. These results indicate that partial equity ownership is more appropriate than whole equity ownership or contractual arrangement for the probability of product innovation. 

Table 2 also shows that other foreign affiliates are more likely to introduce new or improved products than overseas Chinese affiliates. As indicated by the marginal coefficients, other foreign ownership increases the probability of product innovation by around 1 per cent compared with overseas Chinese ownership. Thus, hypothesis 2 is supported. 

The coefficients on KLG are positive but insignificant, showing that the stock of knowledge is not particularly important in increasing the probability that an other foreign or overseas Chinese affiliate introduces new or improved products. Firm size measured by total investment is always important and that measured by total employees is sometime important for the probability of product innovation. The insignificant coefficients on Region suggest that the coastal business environments do not provide any assistance to affiliates with foreign investment in their product innovation.

It is interesting to find that all coefficients on operating time are negative and significant. This indicates that, on the average, the longer a foreign invested affiliate stays in the Chinese market, the lower the probability that the affiliate will conduct product innovation. The apparent absence of incentive for introducing new or improved products may suggest that the Chinese market is so large that existing products from firms with foreign investment are marketable for a long period. 

Tables 3 presents probit estimation results for Equation (2), i.e. how local and foreign capital participation affects the probability that foreign invested affiliates introduce new or improved products. The positive and highly significant coefficients on SER and LPR suggest that capital participation by state-owned enterprises and legal persons enhances the probability of product innovation. Capital participation by collectively owned (CER) had a significant impact on this probability for 1998 but not for 1999, and that by individual enterprises (IPR) had no effect at all. 

One very important finding from Table 3 is that other foreign capital participation significantly increases the probability that foreign invested affiliates introduce new or improved products in China. The marginal coefficients indicate that capital involvement by other foreign investors is associated with a 1 to 2% rise in the probability of their firms being product innovators. As mentioned earlier, the coefficient on overseas Chinese capital participation (HMTR) has the same magnitude but the opposite sign as that on foreign capital participation (FCR). Thus, overseas Chinese capital participation is associates with a 1 to 2% fall in the probability of their firms being product innovators. 

Similar to the results in Table 2, Table 3 shows that the stock of knowledge is in most cases not a significant determinant of the probability of product innovation in foreign invested affiliates. In addition, Table 3 indicates that firm size increases the probability of product innovation, while operating time decreases it. Again, there is no evidence that the coastal location helps foreign invested affiliates in their probability of being product innovators. Thus, the urban or regional hierarchy model is not supported by the Chinese data. 

The central message from the probit estimations in Tables 2-3 is as follows: a foreign invested affiliate is more likely to be a product innovator if its equity is jointly rather than wholly owned, if its capital is contributed by an other foreign rather than an overseas Chinese investor, and if the Chinese partner is a state-owned enterprise or a legal person rather than a collectively owned enterprise or an individual person. 

Table 4 provides the censored quantile tobit regression results for Equation (1), i.e., how innovation intensity of a foreign invested affiliate is affected by the organisational form and ownership structure. The positive and highly significant coefficients on CJVs, EJVs and JSEs suggest that innovation intensity in the JV-type firms is higher than WOEs. In addition, there is clear evidence that other foreign affiliates have higher innovation intensity than overseas Chinese ones. Firm size, no matter it is measured by total investment or employees, has a significantly positive impact on the extent of innovative activity. There is no evidence that coastal location helps an affiliate to enhance the extent of its innovative activity. These results are consistent with those from the corresponding probit models in Table 2, although the former is concerned with innovation intensity and the latter with innovation probability.

One important difference between the tobit and probit estimation results is that the stock of knowledge is statistically significant in the former while it is not in the latter. The implication is that the stock of knowledge alone is not sufficient for a foreign invested affiliate to overcome the initial hurdles to become a product innovator. Market competition, entrepreneurship and government policy incentives may also be important. However, once this threshold is overcome, the stock of knowledge plays an important role in increasing the affiliate's innovation intensity.

Another important finding is that operating time is statistically insignificant in the tobit models compared to the probit models. It implies that, while the time length of a foreign invested firm operating in China reduces the probability of the affiliate's introducing new or improved products, it does not affect the degree of its innovative activity. These two phenomena seem to be inconsistent: if the probability of product innovation is reduced with time, how could innovation intensity, i.e. the share of new product in the total output be unaffected? One possible interpretation for conciliating these two pieces of evidence is that the average value of a new or improved product introduced by foreign invested affiliates increases over their operating time in China. Thus, the fall in the number of product innovation is offset by the rise in the average value of a new or improved product. 

Table 5 reports the censored quantile tobit results for Equation (2), that is, how local, foreign and overseas Chinese capital participation affects the innovation intensity of foreign invested firms. Similar to the results from the probability regression (Table 3), the results from Table 5 indicate that capital participation by state-owned enterprises (SER) or legal persons (LPR) increases the extent of innovative activity in CJVs, EJVs or JSEs. In addition, firm size measured by either total investment or employees, has significant positive effect on the intensity, and there is no significant difference in average innovation intensity between the coastal and inner areas.

However, the insignificant coefficients on FCR suggest that capital participation by other foreign (and therefore overseas Chinese) investors is not a significant determinant of the affiliate's innovation intensity. Taken together the results from the probit and tobit estimations of Equation (2), the following interesting patterns emerge: higher other foreign (overseas Chinese) capital participation leads to higher (lower) probability of product innovation. However, once an affiliate becomes a product innovator, higher capital participation by either the other foreign or the overseas Chinese investor will not have significant effect on the innovation intensity in the affiliate involved. 

The coefficient on the stock of knowledge in Table 5 is again positive and largely significant, indicating that once an affiliate becomes  a product innovator, the stock of knowledge enhances the product innovation intensity of the affiliate. This is consistent with the tobit results for Equation (1).

V. Conclusions

This paper is believed to be the first systematic study of the relationship between foreign ownership structure and product innovation. Seven hypotheses have been synthesised from the literature and tested on two large affiliate-level data sets. As product innovation is examined in terms of both probability and intensity, the probit and tobit models are applied respectively. The heteroscedasticity problem is dealt with by the White-correction procedure for the probit models and by sensored quantitle regression techniques for the tobit models. As the results from the two separate data sets and alternative measures of firm size are quite consistent, the econometric results are robust.

The results show that contractual, and especially equity joint ventures and joint stock enterprises JSE are the better organisational forms than wholly owned enterprises in terms of the probability of product innovation, because strategic alliances allow access to complementary resources and enhance successful innovation. Other foreign investors play a more important role than overseas Chinese investors from Hong Kong, Macao and Taiwan in raising both probability and intensity of  innovation, because the former generally have higher innovative capabilities than the latter. Firm size is important in enhancing the probability and intensity of  innovation, as large firm size often implies a large amount of strategic resources available. The above evidence lends clear support to hypotheses 1, 2 and 5.  

Hypotheses 3 and 4 are partially supported by the Chinese evidence. In the case of hypothesis 3, capital participation by state owned enterprises  and legal persons plays a more important role than that by collectively owned enterprises and individual persons, because the former generally possess higher R&D and manufacturing capabilities. In addition, capital participation by foreign investors is positively associated with the probability of  innovation, while that by overseas Chinese investors is negatively associated with the probability. These are consistent with the predictions by hypothesis 3. However, capital participation by either other foreign or overseas Chinese investors is not significantly associated with innovation intensity, although the coefficients on these variables take the expected positive signs. This suggests that large capital participation by the other foreign investor helps the firm overcome the initial hurdle to become an  innovator. Once this threshold is overcome, a large share of foreign capital is not that important. The stock of knowledge has the opposite position: it is not important for the probability for an affiliate to be an  innovator, but it is a significant determinant of the extent of the affiliate's innovative activity.

There is no evidence to support hypothesis 6 that affiliates located in the coastal areas should perform better than those in the inner areas. Finally, contrary to hypothesis 7, this study finds that the longer a foreign-invested affiliate has operated in China, the less likely the affiliate will be product innovative.

Based on this study several suggestions can be made for policy makers. First, more FDI from other foreign investors should be encouraged to promote product innovation. This is particularly useful in raising the probability of introducing new or improved products. Second, an appropriate business environment needs to be established for the purpose of  innovation. Market competition needs to be promoted to make affiliates feel that innovation over time is essential for their survival, growth and profitability. R&D and entrepreneurship need to be fostered so that necessary knowledge and capability can be created and applied for product innovation. Third, technological capabilities and other strategic resources in local Chinese firms need to be enhanced so that foreign investors can have better partners for innovation. 
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Table 1. Product Innovation by Ownership Structure, Industry and Region

	
	1998
	1999

	
	Firm No.
	Mean PI
	Firm No.
	Mean PI

	Full Sample
	10490
	0.043057
	10614
	0.044175

	Organisational Form
	
	
	
	

	Contractual Joint Venture
	1097
	0.025807
	1101
	0.028004

	Equity Joint Venture
	6184
	0.057877
	6117
	0.057539

	Wholly-Owned Enterprise
	3126
	0.017994
	3285
	0.023218

	Joint-Stock Enterprise
	119
	0.094757
	111
	0.088365

	Ownership
	
	
	
	

	Hong Kong, Macao & Taiwan
	5682
	0.033408
	5629
	0.034960

	Foreign
	4808
	0.054459
	4985
	0.054581

	Industry
	
	
	
	

	Food Processing
	2331
	0.020715
	2311
	0.013913

	Garment
	2988
	0.016013
	2839
	0.015875

	Pharmaceuticals 
	490
	0.099610
	515
	0.087396

	General Machinery
	871
	0.054659
	947
	0.047060

	Transport Equipment
	497
	0.100539
	550
	0.086505

	Electrical Equipment
	1485
	0.061371
	1552
	0.067239

	Electronics Equipment
	1828
	0.064522
	1900
	0.079025

	Region
	
	
	
	

	Coastal
	9489
	0.042496
	9566
	0.042540

	Inland
	1001
	0.048376
	1048
	0.059105


Table 2 Probit Model for Equations 1

	Variables
	Specification I
	Specification II

	
	1998
	Margi

nal
	1999
	Margi

nal
	1998
	Margi

nal
	1999
	Margi

nal

	Constant
	-2.6834***      (0.1306)
	-0.1345
	-2.9886***      (0.1491)
	-0.1370
	-2.6795***      (0.1309)
	-0.13545
	-3.0152***      (0.1485)
	-.1386

	CJV
	0.2520**      (0.1171)
	0.0126
	0.1242     (0.1203)
	0.0057
	0.2572**      (0.1167)
	0.0130
	0.1351      (0.1198)
	0.0062

	EJV
	0.4605***      (0.0735)
	0.0230
	0.3484***      (0.0704)
	0.0159
	0.4866***      (0.0730)
	0.0246
	0.3913***      (0.0690)
	0.0799

	JSE
	0.6737***      (0.2358)
	0.0337
	0.2996*      (0.2612)
	0.0137
	0.7278***      (0.2360)
	0.0367
	0.4070*      (0.2614)
	0.0187

	FOR
	0.1821***      (0.0581)
	0.0091
	0.2103***      (0.0591)
	0.0096
	0.2287***      (0.0566)
	0.0115
	0.2572***      (0.0583)
	0.0118

	KLG
	0.6828      (0.6328)
	0.0342
	0.7203      

(0.5741)
	0.0330
	0.8778      (0.6151)
	0.0443
	0.9024      (0.5720)
	0.0415

	FS1
	0.120E-05***  (0.175E-06)
	0.603E-07
	0.128E-05***  (0.154E-06)
	0.590E-07
	
	
	
	

	FS2
	
	
	
	
	0.389E-04  (0.306E-04)
	0.196E-05
	0.113E-03***  (0.327E-04)
	0.521E-05

	Operating

Time
	-0.0220***  (0.157E-04)
	-0.0011
	-0.0100*  (0.0060)
	-0.459E-03
	-0.0210***  (0.157E-04)
	-0.0010
	-0.132E-01**  (0.604E-02)
	-0.607E-03

	GAR

MENT
	0.1568      (0.1043)
	0.0078
	0.4088***      (0.1238)
	0.0187
	0.1178      (0.1035)
	0.0059
	0.3541***      (0.1241)
	0.0162

	MACHI

NERY
	0.3037**     (0.1223)
	0.0152
	0.4637***      

(0.1453)
	0.0212
	0.0149**  (0.0060)
	0.0149
	0.4610***     (0.1437)
	0.0211

	PHARMACY
	0.5056***     (0.1138)
	0.0253
	0.8470***      (0.1431)
	0.0388
	0.4761***      (0.1132)
	0.0240
	0.8382***      (0.1415)
	0.0385

	TRANSPEQ
	0.5836***     (0.1275)
	0.0292
	0.7602***      

(0.1426)
	(0.0348)
	0.6398***      (0.1256)
	0.0323
	0.8085***      (0.1428)
	0.0371

	ELECTRIC
	0.5213***      (0.1003)
	0.0261
	0.8752***     

(0.1176)
	0.0401
	0.5241***      (0.0990)
	0.0264
	0.8760***      (0.1172)
	0.0402

	ELECTRON
	0.6204***     (0.0947)
	0.0311
	1.0111***      (0.1145)
	0.0463
	0.6364***      (0.0943)
	0.0321
	1.0127***      (0.1150)
	0.0465

	REGION
	-0.0018 (0.0957)
	-0.90E-04
	0.0459  (0.0954)
	0.0021
	-0.0190  

(0.0957)
	-0.96E-03
	0.0563 

(0.0950)
	0.0025

	Pseudo 
[image: image62.wmf]2

R


	0.1145
	
	0.1674
	
	0.1136
	
	0.1599
	


Notes: 1. White-corrected errors are reported in parentheses.

2. ***, ** and * indicate the significance level of 1, 5 and 10 per cent respectively.

3. Marginal effects are computed at variable means.

Table 3 Probit Results for Equation 2

	Variables
	Specification I
	Specification II

	
	1998
	Marginal
	1999
	Marginal
	1998
	Marginal
	1999
	Marginal

	Constant
	-2.2696***      (0.1111)
	-0.1282
	-2.2454***      (0.1087)
	-0.1310
	-2.2355***      (0.1099)
	-0.1296
	-2.2482***      (0.1091)
	-.1338

	SER
	0.7268***      (0.1398)
	0.0410
	0.5919***      

(0.1412)
	0.0345
	0.7628***      (0.1397)
	0.04423
	0.6497***     (0.1408)
	0.0386

	CER
	0.3226**      (0.1406)
	0.0182
	0.1281      

(0.1378)
	0.0074
	0.2848***      (0.1404)
	0.0165
	0.1175      

(0.1375)
	0.0069

	LPR
	0.6625***      (0.1307)
	0.0374
	0.4061***      

(0.1206)
	0.0237
	0.6951***      (0.1286)
	0.04031
	0.4793***      (0.1172)
	0.0285

	IPR
	0.1965      (0.2271)
	0.0111
	0.1069      

(0.1965)
	0.0062
	0.1834      (0.2259)
	0.0106
	0.1061     

(0.1963)
	0.0063

	FCR
	0.2853***      (0.0885)
	0.0161
	0.2306***      (0.0804)
	0.0134
	0.3426***     (0.0872)
	0.0198
	0.3013***      (0.0784)
	0.0179

	KLG
	0.7896      (0.6062)
	0.0446
	0.5100      

(0.5224)
	0.0297
	1.08543*      (0.5820)
	0.0629
	0.8102     

(0.5259)
	0.0482

	FS1
	0.809E-07*** (0.948E-08)
	0.809E-07
	0.150E-05***  (0.141E-06)
	0.880E-07
	0.411E-04*  (0.223E-04)
	0.238E-05
	0.129E-03  (0.230E-04)
	0.770E-05

	Operating

Time
	-0.0169***  (0.2280E-04)
	-0.960E-03
	-0.0109**  (0.0056)
	-0.640E-03
	-0.0148***  (0.228E-04)
	-0.863E-03
	-0.0141**  (0.0055)
	-0.841E-03

	REGION
	0.0328  

(0.0914)
	0.0018
	0.0916  

(0.0809)
	0.0053
	0.0023  

(0.0906)
	0.134E-03
	0.0861  (0.0893)
	0.0051

	Pseudo 
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	0.0575
	
	0.0616
	
	0.0579
	
	0.0375
	


Notes: 1. White-corrected errors are reported in parentheses.

2. ***, ** and * indicate the significance level of 1, 5 and 10 per cent respectively.

3. Marginal effects are computed at variable means.

Table 4 Censored Quantile Tobit Results for Equation 1

	Variables
	Specification I
	Specification II

	
	1998
	1999
	1998
	1999

	Constant
	-0.7729
	-0.5095
	-0.6791
	-0.5694

	CJV
	0.3623***

(0.1046)
	0.4518***

(0.0754)
	0.5676***

(0.0740)
	0.4442***

(0.0731)

	EJV
	0.7715***

(0.0570)
	0.5067***

(0.0753)
	0.6784***

(0.0599)
	0.5641***

(0.0758)

	JSE
	0.7742***

(0.1110)
	0.4975***

(0.1539)
	0.6797***

(0.0980)
	0.4045***

(0.1214)

	FOR
	0.0174*

(0.0091)
	0.0565**

(0.0219)
	0.1083***

(0.0412)
	0.1218***

(0.0282)

	KLG
	1.1113***

(0.3769)
	0.4158***

(0.1038)
	1.075***

(0.3447)
	0.6850***

(0.1829)

	FS1
	9.30E-07***

(1.52E-07)
	1.08E-06***

(2.22E-07)
	
	

	FS2
	
	
	0.000027*

(0.000015)
	0.000083***

(1.78E-05)

	Operating 

Time
	0.0001

(0.0002)
	0.0003

(0.0003)
	-3.83e-06

(0.0003)
	-0.0008

(0.0009)

	GARMENT
	0.0002

(0.0125)
	0.0257***

(0.0079)
	-0.0029

(0.0096)
	0.0088**

(0.0040)

	MACHINERY
	0.4180***

(0.0740)
	0.4767***

(0.0743)
	0.5670***

(0.0733)
	0.4645***

(0.0652)

	PHARMACY
	0.7157***

(0.0606)
	0.7225***

(0.0781)
	0.6672***

(0.0641)
	0.7152***

(0.0855)

	TRANSPEQ
	0.7374***

(0.0597)
	0.6170***

(0.0819)
	0.7504***

(0.0547)
	0.6401***

(0.0834)

	ELECTRIC
	0.6924***

(0.0696)
	0.6639***

(0.0666)
	0.6769***

(0.0549)
	0.7075***

(0.0559)

	ELECTRON
	0.7884***

(0.0520)
	0.8316***

(0.0646)
	0.7683***

(0.0473)
	0.8221***

(0.0551)

	REGION
	-0.0173

(0.0139)
	-0.0282

(0.0267)
	-0.0007

(0.0228)
	-0.0170

(0.0179)

	Pseudo 
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	0.1754
	0.1958
	0.1882 
	0.2084


Note: ***, ** and * indicate the significance level of 1, 5 and 10 per cent respectively.

Table 5 Censored Quantile Tobit Results for Equation 2

	Variables
	Specification I
	Specification II

	
	1998
	1999
	1998
	1999

	Constant
	-0.0154
	0.0490
	-0.00294
	-0.01083

	SER
	0.8947***

(0.1270)
	0.7300***

(0.1560)
	0.9058***

(0.1326)
	0.7696***

(0.1798)

	CER
	0.2889***

(0.1116)
	0.2030***

(0.0782)
	0.1199

(0.0922)
	0.1336

0.0974

	LPR
	0.7301***

(0.1778)
	0.5819***

(0.1038)
	0.9325***

(0.1462)
	0.6959***

(0.1012)

	IPR
	0.1886*

(0.1134)
	0.0055

(0.1011)
	0.1288

(0.1496)
	0.0042

(0.0325)

	FCR
	0.0953

(0.0693)
	0.0059

(0.0601)
	0.0347

(0.0657)
	0.0971

(0.0889)

	KLG
	0.9518*

(0.5641)
	0.1491

(0.3866)
	1.8780***

(0.6502)
	0.9923*

(0.5853)

	FS1
	2.44E-06***

(3.15E-07)
	2.77E-06***

(2.76E-0)
	
	

	FS2
	
	
	0.000106***

(3.73E-05)
	0.000212***

(5.65E-05)

	Operating

Time
	3.47E-05

(0.000824)
	-5.47E-06

(0.000382)
	2.07E-05

(0.000214)
	-0.0013*

(0.0008)

	REGION
	-0.0899

(0.09354)
	-0.5776***

(0.0618)
	-0.0081

(0.0821)
	0.0032

(0.0294)

	Pseudo 
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	0.1056 

	0.1040
	0.1022 
	0.0981


Note: ***, ** and * indicate the significance level of 1, 5 and 10 per cent respectively.
�EMBED Equation.3���








� The "other countries" include some developing countries, but their share in total investment is very small.


� Based on Equation (2) and the relationship that� EMBED Equation.3  ���= (� EMBED Equation.3  ���),


� EMBED Equation.3  ���� EMBED Equation.3  ���
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