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Does outward investment induce more domestic innovation or simply move local inno-
vative efforts to foreign plants? This question is topical and relevant to Taiwan in view of
its large share of outward investment concentrated in China and the special political
relationship between the two sides of the Taiwan Strait. The purpose of this paper is to
examine the effect of outward investment in China on domestic innovative activity in
Taiwan. Overall, this study finds that a positive relationship exists between outward
investment and innovation in terms of R&D intensity and patents, implying that investing
in China is part of a global resource allocation strategy of Taiwanese multinational
enterprises to allocate production in China and pay more attention to innovative activity
in their domestic plants. Moreover, the deregulation of the policy regarding investing in
China in 2001 has induced an upsurge in investment in China, although it does not seem
to have brought about an outflow of technologies.jere_498 538..557
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1. Introduction

Engaging in production abroad is a way of expanding foreign market share and has also
been widely adopted as a strategy to slow the decline in a firm’s competitiveness through
the manufacture of goods in low-wage countries. Therefore, the establishment of foreign
production affiliates is often referred to as a natural process of internationalization. There
have been many theoretical arguments explaining the motivation underlying foreign direct
investment (FDI).1 From the firm’s perspective, moving production overseas is aimed at
exploiting firm-specific advantages, ownership advantages, or internalization advantages
(Dunning, 1988, 1998), and can therefore contribute to a firm’s growth (Chen and Ku,
2000) and productivity (Suh, 2005). However, there is growing concern over the effects
of FDI on the domestic economy.

Among FDI’s potential effects on the domestic economy, whether or not and how FDI
impacts domestic innovation has attracted the attention of both economists and policy-
makers. Empirical studies on the determinants of FDI have found that acquiring and
accessing advanced technologies in the host country is one of a firm’s major purposes

* The authors would like to thank Jin-Tan Liu, Jin-Long Liu, Meng-Wen Tsou, two anonymous referees,
and the co-editor Kazuo Ogawa for their helpful comments and suggestions on an earlier version of this
paper. Chih-Hai Yang acknowledges the financial support of the Council for Economic Planning and
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1 In this article, the term FDI denotes outward FDI rather than inward FDI.
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(e.g. Kogut and Chang, 1991; Walz, 1997; Co and List, 2004), implying that FDI may be
positively related to a multinational enterprise’s (MNE’s) home R&D. However, from a
macro-perspective, international investment serves as an important channel for interna-
tional knowledge spillovers whereby firms in the host country can acquire advanced
technologies and management knowledge from invested MNE. If MNE transfer tech-
nologies to foreign affiliates, reallocate R&D departments to foreign affiliates, and then
reduce domestic R&D, this will result in an erosion of the technological advantages of the
home country or technology outflows. Will FDI affect domestic innovative activity and if
so, how? One practical way is to examine what happens to a firm’s innovative activity
after it engages in overseas investment. Although the real effect of FDI on domestic
innovation is both important and of particular interest, only a few studies have examined
this question and numerous ambiguities and uncertainties remain, suggesting the need for
further empirical studies.

The topic addressed in this paper is especially important and relevant to Taiwan owing
to the following specific features of the country’s increased FDI. As a result of the
similarities in language and culture, almost half of Taiwan’s FDI has been concentrated
in China since the late 1990s. When the regulation regarding FDI in China by the
electronics industry was relaxed in 2001, it was mainly electronics firms that contributed
to the ongoing increase in the amount and share of FDI in China. By drawing on an
original questionnaire survey and firm-level interviews, Chen (2004) pointed out that a
tendency existed among Taiwanese IT firms to engage in cross-Strait R&D, in order to
meet the needs of the global production network. The Ministry of Economic Affairs
(2007) has found that the ratio of R&D expenditure allocated to affiliates of Taiwanese
MNE in China exhibits an upward trend, suggesting that MNE are devoting more
innovative activity to local market-oriented refinement in China or are attempting to
utilize local R&D human resources that are low-cost and high in quality as they develop
new products or technologies. From the perspective of firms’ globalization strategies, the
international allocation of R&D activity helps them to maintain their competitiveness by
allocating resources efficiently. However, due to the special political relationship between
Taiwan and China, this phenomenon has given rise to serious concerns as to whether
technological knowledge outflows to China along with FDI are eroding Taiwan’s tech-
nological advantages, especially in regard to high-tech industry technologies.

This paper aims to analyze the effect of FDI in China on domestic innovative activity
in Taiwan. First, we study the impacts of FDI on the domestic R&D investment level and
R&D productivity in terms of patent applications. Second, by exploiting stock-listed firms
and their regulated FDI in China, this study adopts the generalized method of moments
(GMM) approach to take into account both the endogenous causality between FDI and
innovations and the impact of deregulation on the FDI–innovation nexus, providing a
consistent estimate of the effect of FDI in China on domestic innovations. Third, we
compare the potential differences in the effects of FDI in China on domestic innovations
between manufacturing firms and electronics firms. This examination provides insightful
implications concerning the deregulation of FDI in China for electronics firms from
Taiwan.

The remainder of this paper is organized as follows. In the next section we provide a
summary review of the theoretical and empirical literature on the potential impact of FDI
on domestic innovation. We then present a brief overview of Taiwan’s FDI in China and
regulations concerning FDI for large corporations. Section 3 describes the dataset utilized
in the empirical analysis and provides some descriptive evidence of China’s FDI. Section

C-H. Yang, Y-Y. Wu, H-L. Lin: FDI and Domestic Innovation

539
© 2009 Japanese Economic Association



4 discusses the empirical specifications and econometric methods adopted. The results for
the effects of FDI in China on domestic R&D investments and R&D productivity are
displayed and discussed in Section 5. The final section presents the study’s conclusions
and policy implications.

2. Literature review and Taiwan’s outward FDI

2.1 Literature review

The theoretical literature discussing the impact of FDI on domestic innovation has been
ever-increasing over the past decade. However, the predicted innovation effect of FDI
leads to some contrasting results in the literature, depending on the assumptions of the
conditions between the host and guest countries. By incorporating FDI in a general
equilibrium model with endogenous technological change or starting from a two-
country imperfect competition model to simultaneously consider decisions regarding
R&D and FDI, Walz (1997) and Petit and Sanna-Randaccio (1998, 2000) reach a
similar conclusion that there is a positive relationship between multinational expansion
and R&D investment when the investing and receiving countries have similar levels of
technological capability. Moreover, they indicate that firms should acquire specific
knowledge through FDI and R&D investment in more developed countries. In adopting
the model of Cohen and Klepper (1996) to derive the domestic and foreign R&D
investment function, the theoretical model by Belderbos et al. (2006) predicts that the
respective shares of the foreign and domestic R&D investments of MNE depend on the
relative technological opportunities and relative demand conditions. If the destination
country has more technological opportunities and a large market, then MNE may real-
locate more R&D investment to their foreign affiliates, resulting in a decrease in the
parent firms’ innovative activities.

Unlike the above-mentioned predictions drawn from investing in developed countries,
there is another issue that arises for the FDI–innovation nexus when firms concentrate
their FDI in the low-cost country. By using a three-stage game, Chen and Hsu (2003) find
that the impact of FDI on a firm’s domestic R&D is ambiguous, depending on the level
of the technological spillover. To examine whether investing in the lower-cost country
negatively affects the MNE’s R&D investment in the source country, Tsai and Chiou
(2007) argue that the lower the host country’s wage or the larger the market’s size, the
more likely it is that the MNE’s R&D investment will decrease due to outward direct
investment when labour and technology are substitute inputs.

Based on the theoretical arguments, while investing in developed countries is helpful
for learning advanced technologies and promoting domestic innovative activity, it may
also, by means of the following mechanisms, lead to a decrease in the parent firms’ R&D
efforts, especially in the case of FDI in low-wage countries. The first such mechanism
concerns the local market-oriented R&D. As pointed out by Belderbos et al. (2006) and
Tsai and Chiou (2007), the large market size, demand, and greater technological oppor-
tunities in the host country, such as China, induce MNE to engage in more adaptive R&D,
which is geared toward developing new products to meet the needs of the local market.
When the MNE’s resources devoted to R&D are limited, the increase in foreign R&D
will reduce the parent firms’ R&D. The second mechanism relates to the resource-
oriented R&D in the host countries. If the host developing country has R&D human
resources that are both high-quality and low-cost, as well as policy measures to encourage
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innovative activity, MNE will reallocate their innovative activity from the parent country
to the investing country. This argument is relevant to FDI directed toward China. In actual
fact, China became the third most important offshore R&D location for MNE in 2004
(United Nations, 2005). This development in R&D internationalization suggests that
China can attract not only physical investment, but also the overseas R&D of MNE,
leading to a possible decrease in the MNE’s domestic R&D. Moreover, FDI in developing
countries enables MNE to take advantage of cost saving and extends the life cycle of their
products. It also reduces the need for MNE to invest in R&D in the home country.

Empirical studies on the effect of FDI on domestic innovation also give rise to mixed
results. Lispey (1994) first examines the potential impact of FDI on domestic R&D and
finds that American firms with a higher ratio of overseas production tend to upgrade their
R&D activities at home when they move the low-technological production to low-cost
countries. There is a positive relationship between FDI and domestic innovation. A
similar result for a positive FDI–domestic innovation nexus is also found in Lin and Yeh
(2005) in the case of Taiwan’s electronics industry.

Fors (1997) indicates that R&D undertaken by firms in the home country is used as an
input in both the home and foreign plants of the MNE, suggesting that technology is
transferred to the foreign plants. Slaughter’s (2000) study on US-headquartered MNE
shows that the transfer of production stages from US parents to foreign affiliates has a
significant impact on within-industry shifts in the USA from relatively labour-intensive
activities toward those that are more skilled, implying that FDI exerts no significant
impact on domestic R&D. Head and Ries (2002) investigated the influence of offshore
production by Japanese multinationals on domestic skill intensity and found that the
effect of FDI on domestic skill intensity depends on the technology level of the host
country. Based on Japanese MNE’s R&D expenditures in the USA and Japan, Belderbos
et al. (2006) distinguished R&D into research and development activities and found that
research expenditure responds to relative technological opportunity, but development
expenditures do not. The estimated coefficients are consistent with a relatively high
elasticity between foreign and domestic research activities.

2.2 Overview of Taiwan’s FDI in China and its policy

There was little and only sporadic FDI engaged in by Taiwanese firms before the
mid-1980s. Due to the enormous changes in the industrial environment—such as those in
relation to environmental protection, increasing land and labour costs, and a violent
fluctuation in Taiwan’s local currency—that emerged as major issues from the late 1980s,
many labour-intensive firms began to move their production lines overseas. Accompanied
by foreign exchange deregulation, the amount of FDI surged substantially. According to
the official statistics compiled by the Ministry of Economic Affairs in Taiwan (see
Table 1), the magnitude of FDI increased from $US1.830bn in 1991 to $US11.957bn in
2006.

It can clearly be seen that China emerged on the FDI map and gradually became the
most popular destination for Taiwanese investors starting in the early 1990s. The value of
FDI in China exhibits a steadily increasing trend with unusual spikes in 1993 and 1997,
with galloping increases in 2002 and 2003. Compared with other countries, China is
a unique destination for Taiwanese investors. Due to historical, political, as well as
market factors, China is a very attractive and highly preferred FDI destination for many
Taiwanese firms, even though there are many potential investment risks.
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The unusual amounts of FDI reported in some specific years are due to the govern-
ment’s restrictions on FDI in China. Due to the intense political relationship and a
flourishing economic relationship between Taiwan and China, Taiwan’s government faces
the dilemma of whether or not to regulate FDI by Taiwanese investors in China. The
scenario that a large amount of capital outflow to China may help boost the rival nation’s
economic development has not necessarily been desired by the government and it has
therefore introduced regulations governing FDI in China whereby all intended investment
cases require an application to the relevant authority for approval.2 After the 1996 Missile
Crisis, the government adopted a “cautious self-restraint” policy regarding investment in
China as a result of which FDI in China was classified into three types, namely, forbid-
den, special case, and permitted. FDI by the high-tech industries and related infrastruc-
ture are particularly strictly regulated.

To meet the requirements for being a member of the World Trade Organization (WTO),
the regulatory policy was changed and became based on a new principle of “active open
and effective management” in 2001. Under this new policy, FDI in China was narrowed
down to just two types, namely, “forbidden” and “general case”. This new policy is more
relevant to the electronics industry in that many kinds of electronics technologies are
reallocated to the classification of “general cases”. To promote the efficiency of capital
use among listed companies, the government relaxed the restriction on the accumulated
sum of FDI in China from 20% to 40% of the firm’s capital stock. As the FDI in China

2 To skirt the regulation, many large enterprises have transferred capital to another company registered in
a tax haven, such as the British Virgin Islands or the British Cayman Islands, and from there have then
invested in China.

TABLE 1
Taiwan’s outward foreign direct investment by locations

Unit: $USm

Total USA Japan Hong Kong ASEAN Europe Others China

1991 1,830 298 3 200 720 60 375 174
1992 1,134 193 5 54 309 46 279 247
1993 4,829 529 63 162 434 256 217 3,168
1994 2,579 144 23 127 398 22 903 962
1995 2,450 248 9 100 326 60 614 1,093
1996 3,394 271 7 60 587 12 1,228 1,229
1997 7,228 547 32 142 641 59 1,473 4,334
1998 5,331 599 30 69 477 34 2,088 2,035
1999 4,522 445 122 100 522 61 2,018 1,253
2000 7,684 862 312 48 389 37 3,429 2,607
2001 7,176 1093 169 95 523 46 2,466 2,784
2002 10,093 578 24 167 211 123 2,268 6,723
2003 11,668 467 100 641 298 77 2,385 7,699
2004 10,323 557 149 140 966 62 1,508 6,941
2005 8,454 315 43 108 264 299 1,420 6,007
2006 11,957 484 10 272 1065 463 2,021 7,642
Total 102,204 8059 1103 2518 8697 1813 25,117 54,898

Source: Statistics on Overseas Chinese & Foreign Investment, Outward Investment, and Indirect Mainland
Investment. Investment Commission, Ministry of Economic Affairs.
Note: ASEAN, Association of Southeast Asian Nations.
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policy evolved, the authority gave firms the opportunity to re-register in 1993, 1997,
2002, and 2003, which encouraged firms to report illegal China investments and legalize
those investments.3

Since the early 2000s, FDI in China has accounted for more than half of Taiwan’s total
FDI amount, reaching as much as 70% in 2005. The phenomenon that FDI is leaning
more and more towards China has given rise to serious concerns on the part of the public,
especially in terms of how and to what extent FDI in China is affecting the domestic
economy. Along with the increased share of R&D expenditures in China (MOEA, 2007),
the government is concerned that the large amount of outward FDI might be accompanied
by technology outflows, leading to an erosion in the technological advantages of the
country’s domestic industries.

Does FDI in China affect Taiwanese MNE’s domestic innovative activity and if so,
how? In reviewing the literature, the domestic innovation effect of FDI depends on the
relative wage, technological opportunities, and market size between the investing and
destination countries. Compared with Taiwan, it is apparent that the labour cost is low and
that the market size is huge in China. This implies that FDI in China may tend to reduce
the MNE’s innovative activity in Taiwan. Alternatively, China’s technological ability is
much lower than that in Taiwan, indicating that the possible reallocation of MNE’s R&D
expenditures to China should be regarded as development rather than research expendi-
tures. It is thus helpful for parent firms to devote more efforts to R&D activity. Therefore,
how FDI in China affects the innovative activity of Taiwanese MNE gives rise to no
distinct expectations a priori and requires an empirical investigation.

3. Data sources and descriptive analyses

To examine the potential impact of FDI on domestic innovation, it may be more suitable
to use large enterprises as opposed to small and medium-sized enterprises (SME),
because most SME shut down their domestic plants when they decide to invest overseas.
Based on the aforementioned discussion on the policy concerning FDI in China, the year
1997 is one of the turning points when the government implemented a more restrictive
policy, especially for large firms and the electronics industry. Therefore, this study
collects a dataset of large enterprises for the period 1997–2005. The primary database is
manufacturing firms listed on the Taiwan Stock Exchange (TSE) between 1997 and 2005.
By eliminating a few firms with incomplete data for all relevant variables, we obtain an
unbalanced panel data set of 540 enterprises, yielding an overall sample of 4761 obser-
vations.4 The relevant variables are obtained from various sources. Information on FDI in
China and other countries is drawn from the notification data in the Investment Com-
mission of the Ministry of Economic Affairs. Innovation measures adopted in the study
include input and output measures, R&D spending, and the number of patents. The patent
count data drawn from the Taiwan Intellectual Property Office (TIPO) database are
matched to the accounts data for the period 1997–2005. On the other hand, R&D

3 One purpose of this measure is to unravel the mystery as to how much capital has flowed into China in
reality.

4 There were 20 industry classifications and 682 firms in 2005, with the number of electronics firms
accounting for 44% of the total.
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expenditure as well as firm-specific variables, including sales, employment, firm age,
fixed capital stock, and profitability, are drawn directly from the firms’ annual financial
statements.5

The major strengths of the present dataset are the high coverage of large Taiwanese
MNE and the level of detail of the FDI data, which enables the FDI in China and in other
countries for each firm to be distinctly measured. Due to the regulation imposed on listed
enterprises that prevents them from engaging in FDI in China, this dataset enables us to
take into account the impact of the policy of FDI deregulation on firms’ endogenous FDI
decisions, which in turn affect the FDI–domestic innovation nexus.

Table 2 shows the FDI statistics of listed enterprises during the period 1995–2005.
Similar to the overall trend of FDI in China presented in Table 1, the amount of FDI in
China exhibits an upward trend with two spikes in 1997 and 2002.6 This raises the
question: To what extent has the outward FDI of listed enterprises been concentrated in
China? Because the data regarding the listed enterprises’ FDI in countries not including
China have been reported by the Investment Commission, Ministry of Economic Affairs
since 2000, we report the ratio of FDI in China to total FDI for the period 2000–05 in
Table 2. The numbers in parentheses clearly indicate that more than 70% of the FDI
engaged in by listed enterprises flowed into China, reaching an overall average of 77%.
During the same period, the average ratio of FDI in China to total FDI was about 53% in
Taiwan. The apparent difference between these two ratios illustrates the relatively greater
degree of reliance of Taiwan’s listed enterprises on China’s market and on production
there.

Looking further to manufacturing firms, it needs to be asked: which industries engage
in the most FDI in China? Are the quantities of outward FDI on the part of high-tech
industries that may accompany technology outflows a government concern? From observ-

5 The comprehensive and detailed information regarding firms listed on the TSE is constructed as a
databank by the Taiwan Economic Journal.

6 The decrease in 2005 was attributed to the sharp decrease in FDI on the part of electronics firms.

TABLE 2
Listed enterprises’ outward foreign direct investment by locations

Unit: $USm

Year China Others Total

1995 431 –
1996 498 –
1997 1123 –
1998 579 –
1999 492 –
2000 2056 (73.72%) 733 (26.28%) 2789
2001 2021 (76.23%) 630 (23.775) 2651
2002 2763 (81.08%) 645 (18.92%) 3408
2003 2102 (72.51%) 797 (27.49%) 2899
2004 2438 (70.52%) 1019 (29.48%) 3457
2005 1524 (88.45%) 199 (11.55%) 1723

Source: Investment Commission, Ministry of Economic Affairs of Taiwan. Figures in parentheses are the
foreign direct investment (FDI) to total FDI ratios.
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ing Table 3, several points are worth noting. First, high-tech industries rather than tradi-
tional industries account for most FDI, with the electronics industry accounting for more
than 60% of FDI in China. Second, the plastics industry is ranked second in terms of the
amount of FDI in China. This large amount of FDI is, however, the result of decisions
made by a large petrochemical corporation. Third, besides the electronics industry, the
electrical machinery industry and the chemical and biotechnology industry are the main
contributors to FDI in China.

We can affirmatively conclude that China is an extremely popular destination country
for Taiwan’s outward FDI, particularly for listed enterprises. In terms of the FDI in China
engaged in by listed enterprises, more than 60% is contributed by the industry, which is
the most R&D-intensive and the most important in terms of output in Taiwan. Because
technology transfer in the MNE is popular, the government is seriously concerned about
whether the large amount of FDI in China engaged in by large enterprises, especially
electronics firms, is resulting in the technological advantages of Taiwan being eroded
away. To make matters worse, the government worries that such outward FDI may reduce
the innovation efforts of the domestic parent firms, owing to an FDI strategy that enables
them to have a lower overseas production cost. These concerns inspire this study to
empirically examine whether and how FDI in China affects the domestic innovation of
Taiwanese manufacturing firms.

4. Empirical specification and estimation techniques

4.1 Empirical specification

To estimate the impact of FDI on domestic innovative activity, we first consider R&D
spending as a measure of innovative activity. By referring to previous studies that discuss
the determinants of R&D, we utilize the following simple log–linear equation:

ln ln lnRD SIZE AGE PCAP GR PROFITit it it it it it= + + + + + +β β β β β β0 1 2 3 4 5 ββ
β β ε

6

7 8

SCI
CSFDIC CSFDID

it

it it it             + + + (1)

The term RD is the R&D spending by firm i in year t.
The explanatory variables include the following three firm characteristics, namely, firm

size (SIZE), firm age (AGE), and capital intensity (PCAP). The size of a firm is measured
by the logarithm of employment. Large firms usually have obvious advantages in terms of
their ability to support R&D. The famous Schumpeter hypothesis points out that firms
wielding monopolistic power (usually larger firms) tend to engage in innovation and this
hypothesis has been supported by many empirical studies. Alternatively, Audretsch and
Acs (1991) find that small firms tend to outweigh large firms in terms of innovation
performance when operating in a more technology-intensive environment. As for the
potential impact of the firm’s age on R&D, incumbent firms have an advantage over their
younger counterparts in terms of R&D management. Therefore, there is a positive
relationship between firm age and R&D. The term lnPCAP denotes a firm’s capital
intensity, measured as the logarithm of physical capital per employee. A firm with a
higher capital intensity usually engages in more R&D to improve its production process
in Taiwan. We therefore observe a positive association between capital intensity and
R&D.

Firms’ sales growth (GR) is usually regarded as a proxy for market demand, and has a
positive impact on the firms’ R&D. Conversely, R&D activity is widely found to be
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countercyclical as firms may devote more efforts to R&D during a slowing economy.7

A firm’s profitability (PROFIT) is also included to measure the availability of internal
financial resources and is expected to have a positive impact on firms’ innovations. To
control for the inter-industry differences in technological opportunities, we include an
industry dummy that equals one if a firm belongs to a scientific industry.

We now turn to the major issue of how FDI in China affects domestic R&D. Previous
studies, such as Head and Ries (2002) and Lin and Yeh (2005), include the variable for
the current flow of FDI or the FDI dummy and examine its impact on domestic R&D.
This specification is flawed, because the potential impact of FDI is not felt all at once.
Once the foreign affiliate is established, it will continue to operate and it is then possible
that the firm’s innovation strategy will be affected. Therefore, a stock measure of FDI is
more appropriate than the flow measure. As discussed in the previous section, the
government set an upper limit of 20% of the capital stock for the accumulated sum of
FDI in China for listed enterprises and then relaxed this restriction to 40% in 2001. To
capture the FDI stock concept as well as to consider the policy’s impact, the FDI variable
adopted in this study is the ratio of accumulated FDI in China to the capital stock
(CSFDIC). The policy of imposing an upper limit on FDI in China is widely criticized by
listed enterprises as is slows down their ability to make internal arrangements in regard
to production, logistics distribution, and innovative activity as they seek to become more
globalized. It is generally argued that MNE may transfer technologies from the home
country to their foreign affiliates as well as increase the share of R&D undertaken by
foreign affiliates. The estimate of the coefficient for CSFDIC can be used to assess
whether there is a negative impact on domestic R&D, thereby shedding light on the FDI
policy.

Outward FDI to developed countries is treated as one way in which Taiwanese firms
can acquire and access advanced technologies (Chen and Yang, 1999). Therefore, the ratio
of accumulated FDI in developed countries to capital (CSFDID) is also included and is
expected to have a positive impact on domestic R&D.8

The potential impact of FDI on domestic innovative activity may emerge in terms of
R&D productivity rather than R&D spending. When MNE decide on the international
allocation of R&D activity, R&D undertaken by foreign affiliates located in developing
countries is usually adaptation-oriented, whereas home R&D tends to be more basic.
Basic R&D is time-consuming as well as money-consuming. It is also risky in that the
probability of successfully developing a new product and processing the basic R&D
commercially is extremely low. This suggests that basic R&D usually results in fewer
patentable goods compared with those produced through adaptation-oriented R&D.
Therefore, such an allocation of R&D may alternatively reduce the R&D productivity in
terms of patents, even though R&D spending remains at the same level in the MNE’s
parent firms.

To examine the relationship between FDI, especially FDI in China, and the productiv-
ity of domestic R&D, we use patents to represent the output of R&D in order to assess
the effect of FDI on R&D productivity and specify the following empirical equation:9

7 For example, Rafferty (2003).

8 The ratio of FDI in other developing countries to total FDI is very low; so we do not consider its impact
in this study.

9 This equation can be derived from a patent production function developed by Hausman et al. (1984).
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PAT RD SIZE AGE PCAP GR Pit it it it it it= + + + + + +β β β β β β β0 1 2 3 4 5 6ln ln ln RROFIT
SCI CSFDIC CSFDID

it

it it it it            + + + +β β β ε7 8 9 . (2)

Here, PAT refers to the successful application of the patents of firm i in year t. The
explanatory variables are the same as those in Equation (1) plus R&D spending. Table 4
summarizes the definitions of the variables and the summary statistics of the variables
used in the estimations.

In exploring the relationship between FDI and domestic innovative activity, we allow
for the existence of the individual effect which is potentially correlated with the right-
hand side of the regressors:

εit i itu v= + . (3)

Here, u is a firm-specific effect that varies across firms, but is consistent within a firm
over time, and v is a “white noise” error term. To deal with the unobservable individual
effect in a panel data model, we apply both random effects (RE) and fixed effects (FE)
models that treat the individual effect as a random variable and a fixed parameter,
respectively. The Hausman test is employed to judge which model is more appropriate.
Moreover, in Equation (2) the patent count is a discrete variable and some observations
assume a value of zero, thereby rendering the classical linear model inadequate. For count
data, the linear exponential family provides a good alternative, and Poisson-based count
data models and estimation methods are used in this analysis. The Poisson model has a
strict limitation in that the mean and variance are equal, but this assumption hardly holds.
We therefore employ and estimate the negative binomial models using count panel data.

One econometric problem that we encounter in the estimation procedure relates to the
existence of endogenous causality between FDI and innovations. This study therefore first
uses the Wu–Hausman test to detect the existence of the endogeneity problem. If no
endogeneity is found, the panel fixed effects model technique is employed to deal with the
unobserved firm heterogeneity. On the other hand, when the endogeneity is detected, the
generalized method of moments (GMM) provides an alternative technique. By using an

TABLE 4
Variable definitions and basic statistics

Variables Definition
Mean

(standard error)

RD R&D expenditure ($NTm) 183.755 (671.231)
PAT Number of granted patents 8.050 (47.225)
SIZE Firm size: measured by the number of employees 950.438 (2141.861)
AGE Firm age 21.901 (12.542)
PCAP Capital intensity: measured by fixed assets per employee

($NTm/employee)
27.507 (15.401)

GR Sales growth (%) 0.775 (14.430)
PROFIT Profitability (%) 13.753 (281.055)
SCI Industry dummy. Scientific industries = 1. Scientific industries include

Petrochemical, Electrical Machinery, Chemical & Biotechnology,
Electrical & Cable, Automobile, and Electronics.

0.730 (0.444)

CSFDIC Ratio of accumulated China investment to capital stock (%) 14.671 (29.960)
CSFDID Ratio of accumulated investment in developed countries to capital stock

(%)
2.547 (18.644)
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adequate instrumental variable to deal with the endogenous variable, this approach pro-
vides asymptotically efficient estimators even under a weak assumption regarding the
disturbance. It is also robust in the presence of heteroskedasticity across firms, and
exhibits correlation among the disturbances within countries over time.

A qualified instrumental variable should be highly correlated with FDI in China, but
should be uncorrelated with the error term. Thus, we adopt the policy measures as the
instrumental variables for FDI in China. As mentioned previously, the policy in regard to
FDI in China was transformed from one of “cautious self-restraint” in 1996 to “active
open and effective management” in 2001. This policy transformation has affected the
current behaviour of FDI in China rather than other firm conduct, revealing that it is
appropriate to serve as the instrumental variable for investment in China. This study
separates the sample into two sub-groups: the control group that includes firms not
influenced by the policy, and the treatment group that consists of firms impacted by the
open policy.

5. Empirical results

Before empirically estimating the innovation equations, we first examine the potential
endogenous causality between FDI in China and R&D. Table 5 reports the estimates of
the Wu–Hausman test on the endogeneity of FDI in China.

The coefficients of RES_CSFDIC in Models 1 and 2 are substantially different. Using
R&D expenditure as the dependent variable, the coefficient of the RES_CSFDIC variable
is positive and significantly greater than zero at the 1% level, indicating that the ratio of

TABLE 5
Wu–Hausman test for the endogeneity of foreign direct investment in China

Dependent variable lnRD Patents

Constant -10.905 (0.726)*** -3.604 (0.369)***
lnRD 0.114 (0.013)***
lnSIZE 1.849 (0.077)*** 0.059 (0.034)*
AGE 0.183 (0.014)*** 0.053 (0.004)***
lnPCAP 1.330 (0.174)*** 0.145 (0.084)*
GR -0.008 (0.002)*** 0.007 (0.002)
PROFIT 0.135E-3 (0.279E-03) 0.002 (0.002)
CSFDIC -0.005 (0.003) 0.002 (0.001)**
CSFDID 0.011 (0.004)*** -0.004 (0.004)
RES_CSFDIC 0.794 (0.229)*** -0.093 (0.089)
R2 0.213
Log–likelihood -5416
Obs 4761 4761

Notes: The numbers in parentheses are standard errors. ***, **, and * represent statistical significance at the
1%, 5%, and 10% levels, respectively. RES_CSFDIC is the residual obtained from the following
regression.

CSFDIC SIZE PCAP TIME TREAT TIMit it it it it= + + + + +α α α α α α0 1 2 3 4 5ln ln EE TREATit it it∗ + ε

TIME is a time dummy that equals unity for the time period after November 2001. TREAT is an
industry dummy that equals unity for regulated industries. See Table 4 for definitions.
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accumulated FDI in China to the capital stock (CSFDIC) is mutually causal with R&D
expenditure. Therefore, the GMM technique is appropriate when we estimate the R&D
equation. On the other hand, the estimated coefficient of RES_CSFDIC is negative and
not significant at a conventional level, implying that there is no endogenous causality
between investment in China and patents.

5.1 FDI in China and the domestic R&D level

Table 6 reports a series of estimates of the R&D equation specified in Equation (1).
Columns 1 and 2 show the results obtained from the random effects and fixed effects of
the panel data model, respectively. Column 3 displays the regression results using GMM
that are employed to correct for bias due to the endogenous causality between FDI in
China and R&D behaviour. Because the SCI variable is time invariant, it is excluded from
the estimates of the fixed effects model and the panel fixed GMM.

The coefficients of lnSIZE and lnPCAP are both positive and significantly greater than
zero at the 1% level for all estimates, indicating that an increase in firm size and/or capital
intensity leads to an increase in R&D expenditure. The results support the Schumpeter
hypothesis that larger firms tend to engage in innovation. Moreover, the findings indicate
that capital-intensive enterprises tend to devote more efforts to R&D in Taiwan. The
coefficient of firm age is positively significant in columns 1 and 2, but is negatively
significant in the panel fixed GMM (column 3). The contrasting results of the firm age
coefficient suggest that the neglect of the endogeneity problem may result in biased
coefficient estimates for some variables. Why are younger firms more devoted to R&D
spending than older firms? A possible interpretation is that most young firms in our
sample are electronics firms that are more likely to engage in R&D and set aside more
resources for R&D.

TABLE 6
The Effect of foreign direct investment in China on Domestic R&D Expenditure

Panel data model
Panel fixed generalized

method of momentsRandom Fixed

Constant -12.818*** (0.714) -13.366*** (0.682) -2.779 (3.177)
lnSIZE 2.074*** (0.065) 2.173*** (0.072) 1.231*** (0.310)
AGE 0.060*** (0.010) 0.179*** (0.014) -0.452*** (0.140)
lnPCAP 1.125*** (0.153) 1.478*** (0.168) 2.409*** (0.592)
GR -0.007*** (0.003) -0.006** (0.003) 0.001 (0.008)
PROFIT 0.142E-3 (0.209E-03) -0.131E-03 (0.284E-03) -0.406E-04 (0.946E-03)
SCI 5.134*** (0.356) dropped dropped
CSFDIC 0.006*** (0.002) 0.002 (0.002) 0.414*** (0.087)
CSFDID 0.010*** (0.004) 0.011*** (0.004) -0.007 (0.013)
R2 0.261 0.273
F (first stage) 340.63***
Obs 4761 4761 4761

Notes: The numbers in parentheses are standard errors. ***, **, and * represent statistical significance at the
1%, 5%, and 10% levels, respectively. We relate the first stage of the CSFDIC equation to lnSIZE, AGE,
lnPCAP, GR, PROFIT, SCI, lnRD, CSFDID, TIME, TREAT, and TIME*TREAT. The F statistic is the weak IV
test. The null hypothesis is rejected when the F value is larger than 10, indicating that the adopted IV is
effective. See Table 4 for definitions.
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As for the influences of other variables, firm growth and profitability are not expected to
be positively associated with R&D expenditure. One possible reason is that the relationship
between firm growth (profitability) and R&D is nonlinear. Firms with high growth (profit-
ability) or negative growth (profitability) may be the most aggressive in regard to R&D
than the medium growth group, resulting in a mixed effect. As shown by the random effects
model, the time invariant variable SCI is associated with a significantly positive coefficient,
thus revealing the importance of technological opportunities to a firm’s R&D activity.

It is both interesting and important to note that the estimates of FDI in China differ
quite markedly when the endogenous decision to engage in FDI in China is considered
compared with when it is not. Although the coefficients in columns 1 and 2 are positive,
their magnitudes are highly underestimated compared with those obtained using the panel
fixed GMM. The significantly positive coefficient of CSFDIC in column 3 suggests that
there is a positive association between FDI in China and domestic R&D that is consistent
with the finding in Lin and Yeh (2005). The estimated elasticity is 0.414, implying that as
the ratio of accumulated FDI in China to capital stock increases by 1%, the R&D
expenditure rises by 0.414%. On the other hand, the effect of CSFDID on R&D, as
expected, is not significantly positive in the GMM estimates. Technology sourcing is one
of the reasons why Taiwanese firms invest in developed countries. Even though estab-
lishing affiliates in developed countries is helpful for the investing firm seeking to
improve its technological capability, it may induce the MNE to lower the level of
domestic R&D or establish their R&D affiliates in the destination country. This finding
seems to be consistent with the argument by Belderbos et al. (2006) that investing in
countries with relatively more technological opportunities (developed countries) may
have a substitutive effect on domestic R&D.

With regard to the current debate, the effects of FDI on the Taiwan economy can be
examined from various perspectives, such as employment, investment, trade, and inno-
vation. The above estimates regarding the R&D effect of FDI are quite interesting in that
FDI in China has a positive effect on the domestic R&D of Taiwanese MNE, whereas
FDI in developed countries has no significant impact on parent firms’ R&D expenditures
in Taiwan. The contrasting results for the R&D impact of FDI are not surprising: as
indicated by Chen and Yang (1999) and the Ministry of Economic Affairs (2007), the FDI
in China is mainly cost-oriented, aiming to reallocate production lines in China by
utilizing cheaper local labour. Shifting part of its production activities abroad may
increase a firm’s total sales due to lower labour costs or market expansion induced by its
FDI. The greater the sales, the greater the output over which it can average the costs of
R&D and hence the greater its returns from R&D. Meanwhile, Taiwanese MNE locate
their R&D activity and the production of high-end products in Taiwan, in order to retain
their international competitiveness. While there is both market-oriented and resource-
oriented R&D that might induce an increase in the R&D conducted by affiliates in China,
Taiwanese MNE tend to keep most of their innovative activity in the domestic market,
because the strength of intellectual property rights (IPR) protection is extremely weak in
China, meaning that MNE suffer a serious threat of imitation and knowledge outflow as
they engage in R&D activity in China. Alternatively, the purpose of FDI in developed
countries is mainly focused on accessing advanced technologies and knowledge in the
host countries, suggesting that the FDI in developed countries is usually accompanied by
the outflow of R&D activity through the establishment of overseas R&D affiliates (Chen
and Yang, 1999). It then crowds out the R&D resources used domestically, resulting in an
insignificantly negative impact as observed in the right column of Table 6.
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5.2 FDI in China and domestic R&D productivity

While the aforementioned analysis shows that the domestic R&D level is not reduced by
engaging in FDI in China, whether or not the R&D productivity is influenced is another
concern. By employing the negative binomial model for count panel data, the estimates
for Equation (2) are shown in Table 7.

The estimates obtained from the random effects and fixed effects models are quite
similar. The estimated patent elasticity of R&D is between 0.122 and 0.164, which is
slightly lower than that obtained in Yang and Chen (2001) by using similar data over the
period 1990–97. This implies that R&D productivity in terms of patenting is decreasing,
yet it needs to be further examined. Again, Schumpeter’s hypothesis that large firms tend
to have the wherewithal to exploit innovations is supported, because the estimated coef-
ficient of lnSIZE is positive and statistically significant at the 1% level.

In contrast to the GMM estimates for the R&D equation, firm age is found to be
significantly and positively associated with patenting. This result is attributed to the
learning effect of patent management. The knowledge as to how to apply for patents and
to what extent the innovations are patentable is accumulated along with the passage of
time and therefore the experience in regard to patenting can increase the firms’ R&D
productivity in relation to patenting. The estimated coefficient of capital intensity is
positive and significant at the 10% statistical level in the fixed effects model. Due to the
large sunk costs, capital-intensive firms tend to apply for more patents to construct a
portfolio of intangible assets in terms of patents, because the portfolio of patents helps
firms to maintain their competitiveness in industries with rapid technological change.
Moreover, it can be clearly seen that the coefficient for SCI is both positive and signifi-
cant at the 1% statistical level. Firms belonging to scientific industries have a patenting
propensity that is a surprising 189% (= exp(1.061)-1) higher on average, indicating the
importance of technological opportunities to patenting after controlling for other firm
characteristics.

Turning to the impact of FDI with which we are concerned, the coefficients of CSFDIC
in the random and fixed effects models are both positive and significantly greater than
zero at the 5% level. The estimated elasticity is 0.002, indicating that a firm with a 1%

TABLE 7
Effect of foreign direct investment in China on Domestic R&D Productivity

Random Effect Fixed Effect

Constant -4.929*** (0.312) -3.645*** (0.364)
lnRD 0.164*** (0.013) 0.122*** (0.013)
lnSIZE 0.154*** (0.032) 0.062* (0.034)
AGE 0.040*** (0.004) 0.054*** (0.004)
lnPCAP -0.026 (0.073) 0.128* (0.078)
GR 0.001 (0.002) 0.895E-03 (0.001)
PROFIT 0.004** (0.002) 0.003 (0.002)
SCI 1.061*** (0.145) dropped
CSFDIC 0.002*** (0.781E-03) 0.002** (0.829E-03)
CSFDID -0.003 (0.003) -0.004 (0.004)
Log-likelihood -7536 -5422
Obs 4761 4761

The numbers in parentheses are standard errors. ***, **, and * represent statistical significance at the 1%, 5%,
and 10% levels, respectively. See Table 4 for definitions.
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higher FDI in China ratio tends to have 0.002% more domestic patents after controlling
for R&D expenditure and other variables. Despite the productivity effect being very
trivial, it does provide at least some evidence that, at least in the short run, FDI in China
does not lead to a reduction in domestic R&D productivity, which is a concern of the
government. Alternatively, the estimated coefficient of CSFDID is negative but not
significant for all estimates, suggesting that investments in developed countries have no
impact on the parent firms’ domestic patenting.

The contrasting results for the impacts of FDI in China and the developed countries on
R&D productivity in terms of domestic patenting are consistent with the findings in the
previous subsection. If FDI in China induces MNE to reallocate more R&D activity
domestically, the scope effect of diversified R&D is helpful to firms as they apply for
more patents, ceteris paribus. By contrast, the amount of R&D expenditure remains much
the same as firms invest in developed countries and it then has no significant impact on
domestic patenting.

5.3 The effect of FDI in China on innovation in the electronics industry

As much of the FDI in China has been contributed by large electronics firms over the past
decade and the electronics industry is particularly important in terms of outputs, exports,
employment, and innovations in Taiwan, the question as to the potential effect of FDI in
China on the electronics firms’ innovations is of great concern to the government. To
investigate whether the effect of FDI in China on domestic innovations exhibits a differ-
ent pattern in the electronics industry, we extract the electronics firms from the sample
and then implement similar econometric techniques to those used in constructing Table 6
and 7 before reporting the estimates for the electronics firms in Table 8.

TABLE 8
Effects of foreign direct investment in China on domestic electronics firms’ innovations

Dep. variable

Fixed effects of panel
model generalized method
of moments

Negative binomial model
Fixed effects

lnRD Patent

Constant -9.168*** (1.666) -3.721*** (0.303)
lnRD 0.142*** (0.015)
lnSIZE 1.739*** (0.225) 0.061* (0.038)
AGE -0.080 (0.087) 0.050*** (0.005)
lnPCAP 2.064*** (0.447) 0.130 (0.088)
GR -0.002 (0.006) 0.934E-03 (0.002)
PROFIT 0.113E-3 (0.619E-03) 0.003 (0.002)
CSFDIC 0.198*** (0.047) 0.160E-02* (0.882E-03)
CSFDID -0.044 (0.031) 0.632E-03 (0.005)
F (first stage) 193.51***
Obs 2705 2705

Notes: The numbers in parentheses are standard errors. ***, **, and * represent statistical significance at the
1%, 5%, and 10% levels, respectively. We relate the first stage of the CSFDIC equation to lnSIZE, AGE,
lnPCAP, GR, PROFIT, SCI, lnRD, CSFDID, TIME, TREAT, and TIME*TREAT. The F statistic is the weak IV
test. The null hypothesis is rejected when the F value is larger than 10, indicating that the adopted IV is
effective. See Table 4 for definitions.
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The results presented in Table 8 suggest that the determinants of R&D expenditure and
patenting are overall similar to those in Tables 6 and 7, while there are also several points
worth noting. First, the estimates of R&D expenditure in column 1 show that the impact of
firm age on R&D expenditure turns out to be insignificant for the electronics firms. As is
well known, the technological change is very rapidly accompanied by a short product
cycle, and R&D investment becomes an essential input for the electronics firms. Given the
importance of R&D to the electronics industry, both young entrants and older incumbents
are aggressive in terms of innovative activity. Therefore, firm age does not appear to matter
to R&D expenditure. Second, the estimates of R&D productivity in column 2 show that the
impact of capital intensity on patenting turns out to be insignificant.

Third and most importantly, the effect of FDI in China on domestic innovations seems
to vary in terms of its strength between the whole sample and the electronics firms. In
column 1 the coefficient of CSFDIC is still significantly positive at the 1% level, while
the estimated magnitude is only 47.83% (0.198 compared to 0.414) of that for the whole
sample. This situation applies to the estimates of R&D productivity in column 2. The
estimated sign of the CSFDIC variable remains positive, but both the magnitude and
significance of the coefficient decrease, from 0.002–0.0016 and from 5% to 10%, respec-
tively. This implies that the strength of the positive impact of FDI in China on domestic
R&D expenditure and R&D productivity is weaker for electronics firms.

Why is the domestic innovation effect of FDI in China smaller for electronics firms?
That is, while the positive aspect is also found across electronics firms, such firms may
concentrate more R&D in their China affiliates relative to their non-electronic firm
counterparts, resulting in their having a smaller impact on domestic innovations. Indeed,
Chen (2004) has found that R&D activities have very rapidly become involved in
Taiwanese electronics firms’ outreach into China over the last decade. Compared to other
manufacturing firms, electronics firms place greater reliance on R&D to maintain their
competitiveness and therefore engage in more R&D efforts on average. However, in
response to the development of a global production network, Taiwanese electronics firms
have scaled down their local operations and handed over part, or the whole, of their
manufacturing functions to their offshore sites, mainly in China. Following closely on
from this, the de-linking of manufacturing and R&D has become a reality, with these
Taiwanese firms relying increasingly on their Chinese subsidiaries for production-related
R&D and engineering support (Chen, 2004). The market-oriented and resource-oriented
R&D brought on by FDI in China might induce electronics MNE to devote more R&D
to their Chinese affiliates. Another possibly important reason is that electronics firms have
to connect with the global innovation system, because many internationally renowned
electronics corporations have established overseas R&D affiliates in China.

As previously claimed, the strategy adopted regarding FDI in China may serve as a
form of resource reallocation that moves production lines to low-cost countries and
enables the domestic firms to maintain their core competitiveness through their innova-
tions. The smaller impact on domestic R&D that FDI has in China implies that the
activity of technology transfer might be more popular in the electronics industry – that is,
the gains from R&D are distributed between plants in Taiwan and China. From a dynamic
perspective, as both the market and the real income of the FDI destination grow, MNE
will consider how to allocate R&D between the overseas and domestic locations. This
might be the main concern of the government and a reason why it has not attempted to
fully deregulate the restrictions regarding FDI in China in so far as they affect large
electronics firms.
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6. Conclusions and policy implications

Due to the high share of outward FDI to China and the special political relationship
between the two sides of the Taiwan Strait, the effect of FDI in China on Taiwan’s
economy is a matter of great concern to both the public and the government in Taiwan.
Some of the potential influences include whether or not FDI in China results in an erosion
of Taiwan’s technological advantages or else induces outflows of technology to China.
The government has therefore adopted various regulations on FDI in China, especially for
large electronics enterprises in different periods.

This study aims to empirically assess whether or not and how FDI in China affects
domestic innovative activity. Utilizing listed enterprises as the study sample and employ-
ing the GMM technique enables us to control for the endogenous causality between FDI
and innovation and takes into account the impact of a change in policy on FDI. The
empirical results show that the FDI in China overall has a positive association with
domestic R&D expenditure and R&D productivity. This positive effect is also found for
electronics firms, although the impact is much smaller. Moreover, the effect of FDI on
domestic innovation suffers from bias that arises due to underestimation if the endo-
geneity problem is not appropriately dealt with.

Several policy implications result from this study. First, our findings show that, at least
for the study period, FDI in China exhibits a positive relationship with domestic inno-
vation, rather than having a negative impact as the Taiwan government has feared. It
implies that moving production lines to China is the strategy adopted by firms due to
global allocation. For most of Taiwan’s FDI to be concentrated in China is a natural
consequence due to the relative advantages that China has compared with other destina-
tions. Second, as for the current debate, the effects of FDI in China on the Taiwan
economy can be examined from various perspectives, such as trade, employment, invest-
ment, and productivity. While FDI in China has a positive effect on domestic innovation,
the total effect after considering multiple dimensions is not clear and is beyond the
purpose of this study. From the perspective of innovation, the regulation directed at listed
enterprises in regard to FDI in China can be further relaxed, while the innovation effect
arising from resource allocation through FDI is quite limited. Alternatively, FDI in China
is found to have a negative impact on Taiwan’s employment (Chen and Ku, 2003) and
investment (Chen, 2006). Therefore, whether or not the regulation of FDI in China in
relation to listed enterprises should be relaxed and/or to what extent this regulation is
relaxed are both issues that need further investigation after considering the possible
impacts of various economic dimensions.

Third, the positive innovation effect of FDI in China is very small in the case of the
electronics industry. As with the theoretical arguments in Belderbos et al. (2006) and Tsai
and Chiou (2007), the larger the host country’s market, the more likely it is that the
MNE’s R&D investment in the home country will decrease. China’s persistently high
economic growth has gradually attracted MNE to establish their Asian R&D headquarters
in China, in order to meet the needs of the local market there. This situation seems to
apply to some of the Taiwanese electronics MNE. From a dynamic perspective, how to
maintain the technological advantages is particularly relevant to Taiwan’s sustainable
economic growth. Finally, due to the special political relationship between Taiwan and
China, it is inevitable for the government to adopt economic measures from a political
perspective. However, in view of the current wave of globalization, both production
abroad and international outsourcing are popular and important methods that are being
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used to lower the costs of MNE, indicating that it is impossible to fully block FDI in
China. Having a policy in regard to FDI in China is indeed relevant to the Taiwan
economy, and thus the government should devote more attention to finding ways to
improve the local investment environment in order to attract returning investment from
China and FDI from other countries.

Final version accepted 13 July 2009.
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