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Abstract

Although R&D internationalization plays an important role in enterprises’ globalization, few
studies explore the mechanism of R&D internationalization and emerging market compa-
nies’ innovation, or the relationship between R&D internationalization, domestic technology
alliances and absorptive capacity. How does the R&D internationalization of emerging mar-
ket enterprises affect the innovation of those enterprises? Under fierce market competition,
do absorption capacity and domestic technology alliances have a significant impact on
enterprise innovation? From the perspective of the knowledge-based view, this paper stud-
ies 185 enterprises undergoing R&D internationalization in China from 2012 to 2017, using
high-dimensional Poisson fixed effects model, we use instrumental (HDFE IV) estimation to
explain the impact of R&D internationalization on the innovation of the parent company and
the mechanism behind it. The study finds that R&D internationalization positively promotes
the parent company’s innovation, and domestic technology alliances and absorptive capac-
ity play a partial mediator role in R&D internationalization. In the face of fierce market com-
petition, domestic technical alliances play a significant role in promoting enterprise
innovation, while absorptive capacity plays a negative role in promoting enterprise innova-
tion with the moderating effect of market competition.

1. Introduction

The springboard theory and 3L theory illustrate the phenomenon of innovation catch-up of
emerging market enterprises [1, 2]. Different from the internationalization activities carried
out by developed countries based on the expansion of the advantages of their home countries,
the motivation of the internationalization of enterprises in emerging markets is mostly based
on the escape from the inferior institutional system and the pursuit of advanced technology.
They quickly learn mature technologies, management skills and organizational patterns of
developed countries through mergers and acquisition and the establishment of overseas R&D
centers, as to gain a favorable competitive position in the fierce global competition [1-4]. As
the most direct way for enterprises to acquire technology [5-7], R&D internationalization
plays a crucial role in the innovation catch-up of emerging market enterprises. However, there
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is little research on the mechanism of R&D internationalization in the existing literature on
the internationalization of emerging market firms [8, 9], after acquiring international knowl-
edge, how can emerging market companies apply these skills and knowledge to their own use
to achieve innovation catch-up? Ignoring this problem may lead to a one-sided and simple
understanding of innovation catch-up in emerging market enterprises. Ignoring these prob-
lems in management may be detrimental to the optimal allocation of resources.

In terms of research related to R&D internationalization, some scholars have suggested that
through R&D internationalization, multinational enterprises could take advantage of the par-
ent companies’ new technology and management mode to expand the international market
[10, 11], or through the international R&D subsidiaries to acquire the advanced knowledge
assets of the host country, coordinate and integrate the global R&D network to achieve knowl-
edge transfer and sharing, so as to improve the international competitive advantage of the
enterprise [9, 12-14], especially for the multinational enterprises in emerging market, the
R&D internationalization is an important "springboard" for them to catch up and even surpass
the enterprises in developed countries [1]. To be specific, different motivations of R&D inter-
nationalization may bring different results: some scholars have found that the international
technology acquisition on the performance of parent companies is more positive than that of
international technology utilization [15, 16]; some scholars have studied the entry mode of
R&D internationalization and come to the conclusion that different entry modes meant that
enterprises’ internationalization required different human and material resources, took differ-
ent risks and had different influences on the performance of enterprises [17, 18]; some other
scholars have believed that the geographical dispersion of R&D internationalization would
affect the international innovation process of enterprises and thus affect the performance of
enterprises [17, 19-21]. When concerns to the relevant capabilities of R&D internationaliza-
tion, Jian & Myles proposed that when an enterprise had a high absorption capacity, R&D
internationalization had a significant promoting effect on the innovation of the parent com-
pany [22], meanwhile, absorption capacity is also important for external mergers and profit
acquisition [23-25]. When studies refer to the domestic scene, some scholars have researched
the relationship between the international R&D and the domestic R&D. Belderbos et al. used
156 enterprise’s panel data in the years 1995-2002 from Europe, the United States and Japan,
and found that based on economies of scale, economies of scope, cost of cooperation and
domestic embeddedness, compared with R&D internationalization, enterprises preferred
domestic R&D [26]. Belderbos et al. also used dynamic panel analysis of 4,038 enterprises in
the Netherlands, and concluded that compared with technology-leading enterprises, R&D
internationalization of technology-laggard enterprises was more likely to increase the produc-
tivity of domestic R&D [27].

However, these studies mainly focus on developed countries, and lack of research on the
relationship between R&D internationalization and innovation performance of muti-national
enterprise (MNE) in emerging market. More importantly, how domestic factors like the
domestic technology alliance, the absorptive capability of parent company, the fierce market
competition of the home country affect the innovation of enterprise has not been emphasized
in the international business literature, while the impact of innovation on enterprise perfor-
mance is crucial [28], studying the internal mechanism of the impact of R&D internationaliza-
tion on innovation of emerging market enterprise will not only help us understand the
innovation path of emerging market firms, but also help us understand the key factors that
contribute to their business performance.

For developed countries, the conclusion is still ambiguous on whether overseas research
and development boosts enterprise innovation. The mainstream view holds that R&D interna-
tionalization promotes enterprise innovation and promotes innovation overflow between the
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parent company and its foreign subsidiaries [29, 30]. The promotion is crucial to maintaining
the competitive advantage of enterprises in the international market [31]. However, some
scholars have suggested that the geographical dispersion of R&D activities is negatively corre-
lated with the innovation of enterprises [32]. Some scholars have indicated that the R&D inter-
nationalization is non-linear to the innovation of the parent company. For example, Hsu et al.
believed that the investment of R&D internationalization subsidiaries in host countries was
affected by their adaptation cost, coordination cost and supervision cost, and the ratio of cost
to investment income showed a trend of first increasing and then decreasing. Reversely, there
was a U-shaped relationship between R&D internationalization business and the innovation of
the parent company [33]. Chen et al. pointed out that the autonomy of the R&D international-
ization subsidiary was transformed with the periodical changes of the "centrifugal”, "transfor-
mation" and "centralization", and the influence of R&D internationalization on the innovation
of the parent company was an "S-type" curve [34]. Different from developed countries, emerg-
ing market enterprises mainly concentrate their overseas investment in developed countries,
and the investment process is more radical and rapid. They regard R&D internationalization
as a favorable mean to learn advanced technologies from developed countries [35], therefore,
it is urgent for us to study the relationship between R&D internationalization and parent com-
panies’ innovation as well as its internal mechanism of emerging market enterprises. However,
from the perspective of the combination of international R&D and domestic factors, the exist-
ing researches mostly study international R&D and domestic R&D separately [10, 36, 37],
ignoring the role of innovation factors within the home country, this may lead to the simplifi-
cation and superficial of research innovation problems, considering the innovation environ-
ment of the home country, we combined the R&D internationalization with local factors such
as the absorptive capacity of the parent company, domestic technology alliance and the inten-
sity of local market competition, it is beneficial for us to explore the key role of local factors in
the process of R&D internationalization, so as to have a more comprehensive understanding
of the innovation process catch-up of emerging market enterprises.

While China is in a period of market reform [38], the domestic technology alliances and
absorptive capacity are key factors of emerging market enterprises on their innovation. Study-
ing the mechanism of RD internationalization and the domestic innovation factors is of great
significance for us to understand the innovation leap of latecomers such as China, which is in
an economic and social transformation period, and research on the impact of market condi-
tions on firm R&D activities is very important in a country in economic transition such as
China, but the existing literatures focus on institutional and cultural studies [39-41]. The effect
of market competition on absorptive capacity and technology alliance of enterprises is
ignored.

Through empirical research, we found that R&D internationalization not only directly pro-
moted the innovation of enterprises, but also indirectly promoted the innovation of enterprises
through their own absorption capacity and the help of domestic technology alliances, we
revealed that for Chinese enterprises in the period of social and economic change, the fierce
market competition was more advantageous to the domestic technology alliances aspect of
enterprise innovation, and absorptive capacity in the fierce market competition environment
negatively promoted enterprise innovation in the short term, which is very different from
developed countries.

In recent years, as the world’s largest emerging economy and the leading destination of for-
eign direct investment [42], China is in an emerging economy with the most rapid economic
and technological development, and plays an important role in the international strategies of
many multi-national corporations [43-45], so we select Chinese listed companies as our
empirical database, we collect the information of 185 companies during the year 2012 to 2017
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as our dataset, we chose this sample as empirical dataset because these enterprises have fewer
missing values in the selected years, and they also have more overseas R&D activities and
domestic R&D activities, the selection of these enterprises can maintain the integrity and
authenticity of our data and maximize the sample size. Specifically, this is the final sample that
we had passed through layers of criteria and screening in the database. Listed companies have
relatively complete information and accurate information disclosure, so we chose listed com-
panies as our overall samples. Among these samples, we selected some industries with frequent
overseas research and development activities as our basic database, because this can maximize
our sample size. First, we excluded those companies that have been at a loss during all the
years and have abnormal financial conditions. Second, we excluded companies that have set
up subsidiaries for tax avoiding purposes. Thirdly, we excluded enterprises whose subsidiary
business is unknown. Finally, we excluded samples with a large number of missing values and
outliers. See more details in the “Variables selection and measurement” part. The theoretical
and empirical contributions of this paper are as follows:

First, our research is a useful supplement and extension to the existing international invest-
ment theories. It not only confirms the motivation of technology-seeking foreign investment
of emerging market enterprises, but also elaborates the internal mechanism of its effect on
innovation, which is a gap in the existing literatures and helps us better understand the rise
process of emerging market enterprises. Compared with the purpose of asset-exploiting inter-
national investment in developed countries [35, 46, 47], cross-border investment of emerging
market enterprises is totally different, these enterprises hope to obtain core competitive
resources through rapid internationalization [1, 48]. R&D internationalization is the most
direct and rapid way to acquire technological resources. Existing literature focuses on the
motivation and expansion methods of internationalization of emerging market firms [49, 50],
lack of mechanism research on the internationalization of emerging market enterprise. Study-
ing the mechanism of the R&D internationalization of emerging market enterprise is of great
significance for us to understand the catch-up path of emerging market firms and to supple-
ment and expand the existing international business theories, at the same time, the research on
the mechanism of RD internationalization also helps managers to pay attention to the factors
that multinational enterprises may ignore in the process of internationalization: the absorptive
capacity of enterprise and local stakeholders, so as to better promote enterprise innovation
and performance.

Second, our research has enriched the knowledge-based theory and absorptive capacity the-
ory. The purpose of R&D internationalization is to acquire valuable knowledge and technol-
ogy. However, such knowledge and technology are more difficult to transfer than domestic
knowledge because they are deeply embedded in the social environment where they located in
[51, 52]. The institution, the level of economic development and cultural customs of the host
country are quite different from those of emerging market enterprises, so absorbing such
knowledge not only requires the parent company to have higher ability to distinguish, inte-
grate and digest knowledge [53], but also needs the assistance of local stakeholders. Under-
standing the mediating role of absorptive capacity and local technology alliance in R&D
internationalization and innovation can help us better understand the absorption path of
advanced technology and knowledge, thus, the theory of absorptive capacity is enriched.
Meanwhile, the degree of local market competition and domestic technology alliance belongs
to local environmental factors. According to the knowledge-based view, as a social entity, the
organization stores and uses its internal knowledge is intimately related to its survival and
development [54]. Knowledge-based view emphasizes the integration and learning of knowl-
edge within the organization [51, 55], we not only pay attention to the integration of heteroge-
neous knowledge from different national boundaries, but also pay attention to the process of
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enterprises absorbing overseas knowledge with the help of local environmental factors. This is
the enrichment and extension of the existing knowledge-based theory.

Third, our research harmonizes the factors associated with overseas and local R&D. From
the perspective of knowledge-based view, we include R&D internationalization, absorptive
capacity of parent company, domestic technology alliance, and the intensity of competition in
local market in the same framework. The research not only from the perspective of the tech-
nology acquisition of the host country, but also the capability development of the home coun-
try, regards the local factors as the bridge of the technology acquisition of the host country to
explore the innovation effect of R&D internationalization. Compared with the literature sepa-
rately exploring the research on the effect of R&D internationalization on the innovation of
the parent company and the research on the impact of home factors on enterprise innovation,
our research is more specific and integrity. It will help us understand the phenomenon of over-
seas research and development more comprehensively.

Last, we found that different from developed countries [56, 57], in the fierce market compe-
tition environment in emerging market, local parent company’s absorptive capacity negatively
promoted enterprise innovation, however, domestic technology alliances positively promoted
enterprise innovation. This helps us to have a deeper analysis of the two-sided results about
the economic transformation of emerging markets and a deeper understanding of the
resource-based theory. At the same time, the outcoming helps managers to notice the different
effect of local competitive environment to local factors, thus adjust the enterprise strategic
decisions in time, this also provides theoretical reference for the person in power to weigh the
relationship between market and control.

The remainder of this paper is organized as follows: The second section is a theoretical anal-
ysis of the relationship between R&D internationalization and parent company innovation,
the mediating effect of domestic technology alliances and the moderating effect of market
competition intensity. The third section is a description of the data and methods used. The
fourth section is the empirical result analysis. The fifth section is the endogeneity test. The
sixth section is the robustness test, and the seventh section presents conclusions.

2. Theory and hypotheses development
2.1. R&D internationalization and the knowledge-based view

The knowledge-based view treats an enterprise as a collection of knowledge [51, 52, 58]. This
view holds that knowledge is the single and most important resource of an enterprise, which
ultimately determines its unique ability and competitive advantage [59, 60]. The relative value
of enterprise technology and capability comes from the difficulty of imitative or transfer of its
inherent knowledge assets, which may come from formal mechanisms, such as patents, or
from the complex and ambiguous nature of its intrinsic knowledge [61]. How to acquire het-
erogeneous imitative tacit knowledge is the key to enterprise innovation. The knowledge that
underlies an enterprise’s skills and capabilities is often intertwined with its social, organiza-
tional, and historical background, and cannot be separated from these unique networks of
relationships. This complicated knowledge has become a source of competitive advantage for
enterprises due to its high degree of inimitability [62]. However, due to the constraints of
domestic political and economic development, emerging market enterprises can’t completely
rely on their own ability to gain international competitive advantages, like those in developed
countries. Instead, they have to coordinate the resource they can obtain and use it flexibility to
fulfill their innovation assignment [63], so they try their best to acquire such inimitable knowl-
edge, so as to develop their own strength and form a knowledge base. According to the OLI
compromise investment theory of Dunning, overseas investment by enterprises in developed
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countries is mostly based on ownership advantage, location advantage and internalization
advantage [64], which is an expansion from the inside to the outside. Different from developed
countries seeking investment in overseas markets, the primary purpose of emerging market
enterprises’ overseas investment is to obtain technological resources and seek innovative
breakthroughs, so as to achieve a springboard leap [1]. R&D internationalization plays a cru-
cial role in the acquisition of obscure and complex technical knowledge, which is a bridge to
establish the connection between old knowledge and new knowledge and promote innovation.
Specifically, R&D sub-institutions can go deep into the internal innovation system of the host
country, acquire knowledge from the external relationship network by building relationship
assets, knowledge sharing paths and effective relationship governance mechanisms, promoting
the enterprise’s innovation ability by relying on the effective connection of new and old knowl-
edge. Therefore, R&D internationalization is the expansion of the knowledge flow boundary of
enterprises. On the one hand, enterprises export the knowledge of their parent companies to
R&D internationalization institutions to support their expansion in overseas markets. On the
other hand, based on the research and development internationalization center, enterprises
obtain knowledge overflow through the interaction with the host country environment, and
then absorb, transfer, integrate and innovate the complex and fuzzy knowledge, and combine
the old knowledge with the new knowledge to promote the improvement of enterprises’ inno-
vation ability.

2.2. R&D internationalization and innovation of the parent company

From the perspective of the knowledge-based view, first of all, enterprises can directly obtain
heterogeneous resources through R&D internationalization. In terms of external environment,
cultural customs and degree of economic development, the host country is quite different
from the home country. This kind of difference often brings about heterogeneous knowledge
complementary with the home country, which can make up for the deficiency of the home
country’s knowledge system [65], enriching the knowledge storage pool on which innovation
depends. Secondly, the enterprise, through R&D internationalization behavior, seems to learn
more in-depth heterogeneous knowledge. Since the stakeholder groups of the host country are
different from those of the home country, enterprises can gain an organizational learning
effect by in-depth contact with the stakeholder groups of the host: Enterprises can obtain and
learn the upstream scientific and technological information of the supply chain of the host
country through communication with suppliers, universities and research institutions of the
host country, so as to promote the transfer of upstream complementary knowledge and
improve the innovation ability of enterprises. Meanwhile, enterprises can cooperate with inter-
est groups such as distributors, retailers and customers in the host country, so as to learn new
market knowledge and product knowledge, and transform the knowledge into application-ori-
ented innovative products to meet the expanded market demands [66]. Also, enterprises in
their home countries can acquire rich international operation experience through decentral-
ized R&D activities around the world. By accumulating international R&D and operation
experience, enterprise managers in their home countries can enrich their own knowledge
structure, so as to quickly and sensitively distinguish the opportunities and threats faced by
enterprises and seize the opportunities of new technological changes [67]. Thirdly, the host
country usually has a more perfect institutional system than the home country of emerging
market enterprises. Emerging market enterprises can gain legitimacy in the host country
through legal isomorphism, normative isomorphism, and cognitive isomorphism, and can bet-
ter absorb and utilize core knowledge. After entering the host country, to a certain extent, late-
comers can reduce or avoid the rent-seeking costs in their home country. The host country
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has a sound intellectual property protection system, transparent supervision and a standard-
ized capital market to encourage emerging market enterprises to implement innovative mea-
sures. Enterprises gain the trust of host countries by embedding in the core knowledge system
of host countries, and establish the isomorphism of domestic systems and norms to gain legiti-
macy [13]. It is beneficial for enterprises to better absorb and utilize core knowledge and thus
promote the formation of innovation ability. Therefore, our first hypothesis is proposed as
follows:

Hypothesis 1. R&D internationalization has a positive effect on the innovation of the par-
ent company.

2.3. The mediating effect of domestic technology alliances

It is not easy for latecomers to use foreign advanced knowledge and skills to carry out innova-
tion and catch-up strategies. Therefore, they need to process and integrate the knowledge and
technical resources gained from internationalization R&D by combining the resources of
domestic technology alliances. Domestic technology alliances mainly refer to the alliances
formed by cooperative R&D activities between enterprises and domestic stakeholders (such as
domestic suppliers, distributors, competitors and universities).

First of all, R&D internationalization promotes the formation of domestic technology alli-
ances of latecomers. Compared with developed countries, the main purpose of latecomers’
overseas investment is to seek strategic assets. Close to the source of innovation, they are rap-
idly leapfrogging the key knowledge assets of companies in the developed world. The general
idea of innovation and technological capacity building is to quickly acquire and adopt
advanced foreign technologies and management skills [1]. But this kind of knowledge is usu-
ally hard coded, tacit, complex and socially embedded, and in order to acquire technology
overflow and cultivate technology learning ability, enterprises need to establish a strong inter-
nal knowledge base to identify and judge this knowledge [68, 69], by combining differentiation
of international advanced knowledge to make up for their own weak link of knowledge inno-
vation [70, 71]. Therefore, emerging market enterprises tend to form close R&D alliances with
domestic suppliers, distributors, customers and even competitors to absorb, integrate and
transform the knowledge acquired from R&D internationalization [72, 73], so as to enhance
their own R&D strengths. Due to the unity of cultural practices, jet lag and language barriers,
trust and loyalty between domestic technology alliance members is stronger, and the members
can directly, through face-to-face communication, meetings and other communication forms,
obtain knowledge. Relying on more frequent communication to improve the learning ability
and technology construction ability of enterprises, technology alliances can improve the qual-
ity of enterprise knowledge generation and transmission, help enterprises to absorb the knowl-
edge obtained from R&D internationalization [74]. Secondly, it is easier for enterprises to
form economies of scale and economies of scope through domestic technology alliances, so as
to reduce the cost of innovation and promote innovation. Economies of scale refers to the phe-
nomenon that enterprises can jointly use the same parts of materials, manpower and finance
to reduce production costs and improve production efficiency. As some R&D resources, such
as laboratories and R&D equipment, are indivisible, it is more effective for enterprises to make
full use of indivisible assets than to invest in various equipment in scattered and small-scale
R&D sites [75]. Therefore, it is beneficial to save costs and promote innovation if the parent
company of an emerging economy forms technology alliances at home, such as the merging of
scientific and technological departments among the same industry or scientific research coop-
eration. Economies of scope emphasizes that enterprises in different industries and relevant
stakeholders can obtain benefits due to the spillover and sharing of resources. Due to the
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similarity of the economic environment and institutional system faced by domestic technology
alliance enterprises, compared with overseas technology alliances, it is easier for domestic tech-
nology alliance enterprises to make use of scopes of economy to obtain profits. Enterprises
usually set up R&D institutions within the geographical scope of universities, research insti-
tutes, domestic government institutions, suppliers and other institutions, so as to gain diversi-
fied knowledge and technology spillover in different fields [76, 77], through common
technology platforms and proprietary equipment to synergy with the domestic technology alli-
ances [78], so as to obtain the knowledge and technical supplement to promote innovation
[73]. In view of this, this paper proposes:

Hypothesis 2. R&D internationalization has a positive impact on domestic technology alli-
ances, while domestic technology alliances have a positive impact on the parent company’s
technology innovation. Domestic technology alliances have a mediating effect between R&D
internationalization and the parent company’s innovation.

2.4. The mediating effect of absorption capacity

Absorptive capacity refers to the ability of an enterprise to recognize the value of new external
information and absorb it and apply it to business terminals. Zahra and George divide absorp-
tive capacity into potential and actual capacity according to their different effects on competi-
tive advantage [79]. Potential absorption ability includes knowledge acquisition ability and
knowledge digestion ability, while actual absorption ability includes knowledge transformation
and integration ability and knowledge utilization ability [68]. For multinational enterprises
engaged in R&D internationalization, only the advanced technical knowledge acquired
through R&D internationalization effectively recognized and absorbed can promote domestic
R&D, thus promoting the enterprises’ innovation ability. Kotabe et al. took transnational
enterprises in emerging economies as research objects and showed that enterprises must have
the absorptive capacity to integrate the knowledge and skill they seek in foreign countries so
that international investment in R&D can achieve better innovation performance [80].

First of all, strong absorption capacity can help emerging market enterprises identify the
innovation environment and reduce the risk associated with R&D [81]. For example, informa-
tion intermediaries are key elements of the innovation environment, which reduce transaction
costs and promote the dissemination and adoption of information. Although host markets
with strong institutions provide high-quality intermediary services, latecomers with strong
absorptive capacity can better perceive and even take advantage of such services. R&D interna-
tionalization enterprises with high absorptive capacity can quickly identify domestic institu-
tional customs and norms, so as to better cope with institutional pressure, reduce uncertainty,
and improve the legitimacy and possibility of their survival in the new environment [41]. On
the contrary, companies with insufficient absorption capacity have poor response and utiliza-
tion ability to the environmental conditions of the host country [82], and are unable to effec-
tively identify and utilize the technological environment and institutional environment of the
host country. Secondly, knowledge is the most important resource for product innovation per-
formance, and acquiring new external knowledge is particularly difficult [83]. R&D interna-
tionalization enterprises with strong absorptive capacity can realize the gaps in the technology
field more quickly and integrate the new external knowledge acquired. Companies with strong
absorptive ability will actively search for overseas technical knowledge that has a certain tech-
nical gap from their home country through their home-based augmenting strategy [9]. They
will merge and acquire complementary knowledge assets, absorb diversified and different
knowledge assets, promote the overflow, dispersion and integration of external knowledge,
and improve the company’s ability to combine knowledge in different fields and establish
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connections by learning and integrating the knowledge acquired in the host country [68].
Thirdly, enterprises with strong absorptive capacity can establish long-term and stable cooper-
ative relations with R&D internationalization projects between partners, and better transform
knowledge into business results. Arora and Gambardella found that companies with better
absorptive capacity had more options, and they often established privileged relationships with
a few valuable partners [84]. Fewer and more valuable R&D partners can interact with R&D
internationalized subsidiaries to a greater extent, promoting a common understanding of col-
laborative R&D activities among cooperative stakeholders, leading to the consistency of strate-
gic interests to transform knowledge into business results [85]. This motivation promotes both
parties to adjust R&D strategies in a timely manner in the process of task flow and coordina-
tion, which increases the learning benefits in the cooperation process and indirectly improves
the internationalization benefits of R&D. In view of this, this paper proposes:

Hypothesis 3. R&D internationalization promotes innovation of the parent company
through absorptive capacity, which acts to mediate between R&D internationalization and
innovation of the parent company.

2.5. Moderating effect of market competition on domestic technology
alliances

In economics, the alliance is formed by two or more business entities which share common
strategic interest, under the condition of the fierce market competition, in order to share the
market, common use of resources and other strategic objectives, the alliance form a loose
cooperation mode through a variety of agreements and contracts, which has complementary
advantages and is superior of risk-sharing [86, 87]. With the accelerating global economic inte-
gration and the increasingly fierce market competition, scientific and technological innovation
is gradually replacing the traditional production factors such as labor, capital and land to
become the most important core resources and key elements of enterprise development, and
scientific and technological innovation has become the fundamental source for enterprises to
obtain competitive advantages for sustainable development [56, 57], It is under this back-
ground that technology alliance is formed [88].

Technology alliance is the result of enterprise’s strategic resource demand and social
resource opportunity [89-91]. As the market competition becomes more and more fierce,
enterprises will choose to carry out technical cooperation with more domestic stakeholders to
maintain their market share. As the markets of emerging economies open up gradually, a large
number of multinational companies continue to flood into the domestic market, while domes-
tic private enterprises increase rapidly [92, 93], the resources available to an individual enter-
prise tend to decrease [67, 94]. When resources in an industry are readily available, firms’
willingness to form technology alliances will be greatly reduced, while with the fierce market
competition and increasingly difficult access to scarce resources, enterprises tend to choose
cooperation to achieve common profits [95]. Therefore, under the fierce market competition,
enterprises are more likely to form technological strategic alliances [96]. Grant believed that
technology alliances could integrate complementary resources among enterprises more effec-
tively and exploit new market opportunities more accurately [97]. Lambe and Spekman found
that if an enterprise could not fully obtain the resources necessary for its development from its
own internal sources, in order to achieve its goals, the enterprise could only obtain resources
by exchanging them with organizations that had such resources [98]. Specifically, the role of
local market competition in promoting the relationship between the innovation of the parent
company and the domestic technology alliance is mainly reflected in the following aspects:
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First, due to the increasingly fierce competition in the market, the number of technical per-
sonnel and equipment to maintain the technical advantages of their products are constantly
rising. Through the technology alliance, the enterprise can obtain the necessary technology
development equipment and expert group. moreover, the enterprises that participate in the
technology alliance often have carried on the development to a certain extent in the technical
product project [99, 100]. The technology alliance gathers the development achievements of
these enterprises and makes the development achievements marketable by integrating the
technological advantages of each enterprise [101], accelerates the speed of new products enter-
ing the market, thus promoting the innovation performance of enterprises. Second, in the
fierce market competition, in order to reduce innovation risks, enterprises have to seize the
market opportunities in the short term to gain competitive advantages [102]. With the acceler-
ation of product upgrading, the risk of developing new products is also increasing. Fierce mar-
ket competition means that in a relatively short period of time, enterprises must be more
efficient in product R&D, design and meet the market demand. At the same time, if the prod-
ucts cannot meet the will of consumers after entering the market, they are likely to be quickly
replaced by some more cost-effective products developed by other enterprises [103, 104].
Once an enterprise falls behind its competitors in the development of new products and the
marketing channels, a huge amount of development investment will go to waste, which will
bring a huge blow to the development of the enterprise. In the fierce market competition, such
sunk costs will undoubtedly make the innovation of the enterprise worse. Therefore, when the
competition in the local market becomes more and more fierce, in order to reduce innovation
risks, it is easier for enterprises to form technological alliances with competitors, universities
or research institutes and other relevant stakeholders to jointly bear innovation risks, so as to
promote enterprise innovation [105]. In view of this, this paper proposes:

Hypothesis 4. Market competition enhances the promotion effect of domestic technology
alliances on technological innovation of the parent company.

2.6. The moderating effect of market competition on absorptive capacity

Xia et al analyzed the influence of absorptive capacity on the correlation between knowledge
transfer and independent innovation, and concluded that based on different degrees of absorp-
tive capacity, the recipient would have different effects on the application of the transferred
knowledge and promote independent innovation to different degrees [106]. Companies with
high absorptive capacity tend to be more aware of opportunities and information in the mar-
ket, and more able to digest and integrate tacit and unteachable knowledge [68], but in the
fierce market competition for emerging market enterprise, there is something different.

First, in China, the relationship between government intervention in the economy and
market economy is substitutional. Intense market competition means more economic liberal-
ization, and smaller space for government regulation. The Chinese government regards gov-
ernment intervention and regulation of the economy as an effective means of economic
development [42]. The government can encourage the cooperation between industry, univer-
sity and research institute through the establishment of innovation network [38], so as to
reduce innovation risk and encourage enterprises to improve innovation performance by rely-
ing on their own absorptive capacity [45]. For example, a strict property rights system can help
enterprises better protect the internal knowledge they use and improve their innovation per-
formance [13, 107]. Many small, micro and even medium-sized enterprises in China account
for more than 60 percent of the country’s enterprises, most of them developed gradually with
the support of government policies. For example, the Chinese government’s tax on small and
micro technology-based enterprises is as low as 13% (compared with 17% for ordinary
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enterprises). In some regions, technology enterprises are encouraged by policies such as sup-
port for R&D expenses, subsidy for unfinished projects, subsidy for loan interest, subsidy for
intellectual property application expenses, award for scientific and technological talents, and
priority for national project application. These promotion policies encourage enterprises to
invest in R&D activities, which is the basis for the increase of absorptive capacity [68]. Fierce
competition in the region means that the government’s control power is reduced, in this case,
the enterprise ’s absorptive ability cannot get effective protection and support, so the innova-
tion performance of the small and medium-sized technology enterprise may be inhibited.

Second, absorptive capacity can promote both incremental innovation and explorative
innovation [108], incremental innovation is small changes and modifications to products and
technologies, while explorative innovation is a major departure from a company’s existing
capabilities that forms the basis for entirely new products and services [109, 110]. Under the
fierce market competition, explorative innovation is more conducive to promoting the innova-
tion performance of the parent company [42, 111]. As the market competition becomes more
and more fierce, enterprises tend to adopt explorative innovation to seize the market opportu-
nity, which means that enterprises need to invest more innovation resources than usual. How-
ever, fierce market competition also means that enterprises need to develop diversified
products, diversified markets and cost-effective performance of products, which will cause
more resource consumption [102], as a result it’s not conducive for enterprises to concentrate
resources for explorative innovation.

Third, the energy of enterprise managers is limited [112-115], therefore, the fierce market
competition may make the enterprise explore diversified products, diversified markets and
recruit more talents, which will distract the managers’ energy in R&D investment and the cul-
tivation of absorptive capacity of the enterprise, thus it will not contribute to the positive effect
of absorptive capacity on the innovation of the parent company. In view of this, this paper
proposes:

Hypothesis 5. The promotion effect of the absorptive capacity on the technological innova-
tion of the parent company is weakened by increased market competition.

The conceptual framework is described based on the above assumptions, as shown in Fig 1:

3. Methodology and data
3.1. Models and methodology

In this paper, first of all, the mediating effect is adopted to analyze the data, and the effect of
R&D internationalization on the parent company’s innovation is generated through the medi-
ating effect of domestic technology alliances and absorption capacity. According to the analyti-
cal steps of Baron and Kenny on the mediating effect [116], the following five models are
established successively.

patent, = o, + a,ovrd, + a,controls, + 2, + v, + w1, + &, (1)
doteal,, = f, + B ovrd, + Bycontrols, + 4, + vy, + u, + &, (2)
patent, = d, + ,ovrd, + d,doteal, + d,controls, + 4, +y, + p, + &, (3)
absorp,, = n, + n,ovrd, + nycontrols, + A, + v, + p, + &, (4)
patent, = K, + Kk ovrd, + K,absorp, + K,controls, + 2, + 7y, + 1, + &, (5)
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Fig 1. Logic frame figure.
https://doi.org/10.1371/journal.pone.0252669.g001

patent; refers to the explained variable which stands for the innovation of the parent company,
ovrd;, stands for the R&D internationalization of the explanatory variable, dord;, represents the
domestic technology alliances, absorp;, represents the absorptive capacity of the mediating var-
iable. controls, represents all control variables, i represents the industry of the company, a rep-
resents the region (province) where the company is located, f represents the time., A;, ¥,,, s
represents the industry effect, regional effect and time effect of the company, and & is the
residual term.

Eqs (1), (2) and (3) are the test of the mediating effect of domestic technology alliances: Eq
(1) is the influence of the core independent variable R&D internationalization on innovation
of the parent company, and ¢ is the overall effect of the core independent variable on the
dependent variable. Eq (2) is the promotion effect of R&D internationalization on domestic
technology alliances and j; stands for the influence effect of R&D internationalization on
domestic technology alliances. Eq (3) is the effect of R&D internationalization and domestic
technology alliances on the parent company’s innovation, and J; is the direct effect of the par-
ent company’s innovation, when J; is significant, it represents that domestic technology alli-
ances have a partial intermediary effect to the R&D internationalization, when &, is not
significant, it means domestic technology alliances play a full mediation role, which means the
influence of R&D internationalization on parent company innovation comes totally through
domestic technology alliances. 6, * f, is the indirect effect of R&D internationalization
through mediating variables. Eqs (1), (4) and (5) are the test of the mediating effect of absorp-
tion capacity: Eq (4) is the promotion effect of R&D internationalization on absorption capac-
ity; Eq (5) is the joint influence of R&D internationalization and absorption capacity on parent
company innovation; k, * 77; is the indirect effect of R&D internationalization through absorp-
tion capacity.

At the same time, this paper analyzes the moderating role of market competition, and estab-
lishes a regulated mediation model based on the research of Muller [117]. The specific equa-
tions and test steps are as follows:

patent, = v, + v ovrd, + vycomp,, + v,ovrd, x comp, + v,controls, + A, + 7y, + u, + &, (6)

doteal, = p, + p,ovrd, + pycomp,, + psovrd,, * comp, + p controls, + 2, + 7, + i, + &, (7)
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patent, = 0, + 0,0vrd, + 0,comp,, + O,0vrd, * comp, + 0,doteal, + O,doteal, * comp,
+ Oscontrols, + 2, + 7, + 1, + & (8)

patent, = w, + w,ovrd, + w,comp, + w,ovrd, * comp, + w,absorp, + w,comp,, * absorp,
+ wgcontrols, + 4, + 7y, + p, + & (9)

absorpit = KU + Klovrdit + k2compit + K3ovrdit * Compit + K4C0ntr015it + ;Li + yu + lut + éit (10)

Eqgs (6), (7) and (8) are tests of the moderating effect of competitiveness on domestic tech-
nology alliances, while Eqgs (6), (9) and (10) are tests of the moderating effect of competitive-
ness on absorptive capacity. In the first step as shown in Eq (6), we inspect the significance of
v3, in the second step as shown in Eq (7), the test is whether p, or pj; is significant, and in the
third step as shown in Eq (8), we test the significance of the coefficient 0; or 0s. If p; and 0; are
significant at the same time, the market competition moderates the relationship between the
R&D internationalization and domestic technology alliances. If p, and 05 are significant at the
same time, the market competition moderates the relationship between the technology alli-
ances and innovative performance of the parent company. The test procedure of Eqs (9) and
(10) is the same as that of Eqs (7) and (8).

Since the number of patent applications and other data in different years are different, we
follow Jaffe & Trajtenberg to control the annual variable to reduce the systematic year-to-year
difference caused by "truncation bias" [118]. Similarly, fixed effects help to overcome individ-
ual differences. Since the dependent variable parent company’s innovation is measured by
counting data, we adopt a high-dimensional Poisson fixed effects model to test all the models.
The high-dimensional Poisson fixed-effect model does not need to satisfy the assumption that
Poisson regression requires sample mean to be equal to variance [119], and the dependent var-
iable is not limited to counting data [120]. Therefore, the model with domestic technology alli-
ances as the dependent variable can still be tested.

3.2. Variables selection and measurement

According to the industry classification of China Securities Regulatory Commission in 2001, we
select some industries with frequent R&D internationalization activities, which include the com-
puter application service (G87), communication services (G85), computer and related equipment
manufacturing industry (G83), communication and related equipment manufacturing industry
(G81), pharmaceutical manufacturing (C81), special equipment manufacturing (C73), electronic
components manufacturing (C51), and chemical raw materials and chemical manufacturing
(C43). Because these enterprises in the industries which spend more resource and pay more
effort on RD internationalization while other industries may have only a few RD activities
abroad, the selection of these samples can maximize our sample size. We select the above eight
industries as the sample base. In the first step we exclude ST enterprise sample. 'ST shares refer
to listed companies in the territory of two consecutive years of losses, so the stock need to be spe-
cial treated. In the second step, we remove the samples of subsidiaries established in tax havens
such as "Cayman Islands", " Virgin Islands", "Bermuda” and "United Arab Emirates".

In the third step, we remove samples with unclear business scope and incomplete data dis-
closure. In the fourth step, we remove the missing samples and outlier samples. In the fifth
step, we remove the samples whose business scope in the six years from 2012 to 2017 does not
include the words "technology development", "scientific research", "research", "research and
development" and "science and technology”. Finally, we obtain the balance panel data of 185
samples per year from 2012 to 2017, and a total of 1,110 samples were obtained.
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3.2.1. Dependent variable: Innovation. At present, the measurement of innovation of the
enterprise mainly includes two ways: one is to take the added value of new products as the
measurement standard, which can reflect the commercial value of innovation activities, but
there is no unified standard for the division of new products, so it has great deficiencies in
application. Another is the number of patents as a measure, including patent application, pat-
ent license number, number of patent references and valid patents. Because the quantity of pat-
ent applications is associated directly with the enterprise’s innovation activities, it reflects the
degree of enterprise innovation [121], and directly promotes the improvement of enterprise
asset value [122]. We measure the innovation of the R&D international parent company by the
total number of patent applications, and the relevant data are obtained from the Guotaian
(CSMAR) database and the company’s annual reports.

3.2.2. Independent variable: Internationalization of R&D. At present, R&D internation-
alization is mainly measured in the following ways: (1) R&D internationalization is measured
in the form of a binary dummy variable, which is assigned as "1" for those with R&D interna-
tionalization and "0" for those without [22], but this measurement method is relatively rough.
(2) The ratio of R&D internationalization expenditure to total expenditure is used to indicate
the depth of R&D internationalization, but the sample data is only updated to 2015. (3) The
patent application volume of each country where the patent inventor is located [26]. This
method has not been provided with detailed information in the database of China at present,
so the data is difficult to obtain. (4) By measuring the sum of different regions of the number
of patents applied for by the parent company’s overseas subsidiaries [34]. However, some pat-
ents are directly applied for by the parent company, so there will be some measurement devia-
tion. Finally, according to Hsu et al, the proportion of R&D internationalization subsidiaries
in the total subsidiaries is taken into account, which can better reflect the depth of R&D inter-
nationalization [33]. We manually calculate the number of samples each year containing the
words "technology development", "scientific research", "research", "research and development”
and "science and technology", and calculate the total number of overseas subsidiaries of each
company and calculate the ratio of the two. The relevant data are from the List of Overseas
Investment published by the Ministry of Commerce and the Guotaian (CSMAR) database.

3.2.3. Mediating variable: Domestic technology alliances. We search on the Internet by
each company’s stock code, announcement of public information, company annual reports,
company news, and related party transactions. We manually record the number of times each
company conducts technical cooperation, accepts technology transfers and management ser-
vices, conducts joint research and development, and conducts joint technology development
with domestic suppliers, universities, and companies in the same industry and companies in
other industries each year. If the number is zero, it is recorded as 0. If there is no change com-
pared with the previous year, the data of the previous year is still used, to maintain comparabil-
ity between samples, we used a relative indicator, which is the number of technology alliance
divided by the total number of company collaborations in that year.

Absorption capacity: R&D costs will affect the extent to which enterprises use external
knowledge [68, 123]. Many scholars measure absorption capacity by R&D expenditure [33,
124], such as R&D spending accounting for the proportion of revenue, R&D spending
accounting for the proportion of total assets. However, due to the influence of the natural envi-
ronment, economic situation and industry situation, the business situation is unstable. In this
paper, the proportion of R&D expenses in the total assets at the beginning is used to measure
the absorptive capacity, and relevant data are obtained from the Ruisi (RESSET) database and
company annual reports.

3.2.4. Moderating variables. Market competition: market competition measures the
intensity of market competition in an enterprise’s domestic sphere. According to the methods
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used by Glaeser et al and Gao [125, 126], we estimate the competition intensity of domestic
regional markets. We first calculate the industry competition index of each region as follows:

Cij _ (nij/rij) (11)

(n,/1;)

n;; represents the total number of enterprises owned in industry j in the province region i; r;;
represents the total sales volume of enterprises in industry j in province i; n; represents the
number of enterprises in sector j at the national level; r; represents the national sales revenue
of the j sector. The high value of the sector-region portfolio index indicates that there are more
active enterprises in this sector-region than there are nationwide, and the degree of competi-
tion is more intense. We average the industry index values in each region to generate the over-
all competition index for each company in each region (n; represents the number of industries
owned by each region):

1 n
comp, = ;Zj:l ¢ (12)

the relevant data are obtained from the Industrial enterprise database and the National Bureau
of Statistics.
3.2.5. Control variables.

1. Company age: Older companies tend to have rich operating experience, a more standard-
ized company system, articles of association and reasonable organizational form. We mea-
sure the difference between the company’s registration date and the year of measurement
[34, 127], and related data are obtained from Guotaian (CSMAR) database and enterprise
annual reports.

2. Company size: Larger companies often have a better ability to develop internal knowledge,
and absorb and combine external knowledge for innovation [28], and at the same time are
more likely to develop economies of scale and save on costs of innovation. We use the loga-
rithm of the total assets at the end of each year to measure the size of the enterprise. The
relevant data are from Guotaian (CSMAR) database and the annual reports of the
enterprise.

3. Experience in enterprise internationalization: Enterprises with rich experience in interna-
tionalization are more familiar with overseas institutional rules and economic environ-
ments, so they can respond to sudden changes more sensitively, which is conducive to
creating a good environmental foundation for enterprise innovation [33]. For some enter-
prises lacking experience in internationalization, the technical complexity, market uncer-
tainty and high risk in the international market increase the difficulty of enterprise
innovation. In this paper, the internationalization experience of enterprises is measured by
observing the total number of overseas companies in the previous year of the parent com-
pany. Relevant data are obtained from the Guotaian (CSMAR) database and annual reports
of enterprises.

4. Return on Equity (ROE): Based on the practice of Yuan [128], this paper adopts return on
equity (ROE) as the control variable in the model. This index reflects the income level of
shareholders’ equity, which is used to measure the efficiency of the company using its own
capital. Return on equity is equal to net income after taxes divided by total assets at the
beginning. The higher the return on equity is, the stronger the enterprise’s ability to obtain
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net income with its own capital is, which lays a foundation for innovation. The relevant
data are obtained from Ruisi (RESSET) database and corporate annual reports.

. TobinQ: TobinQ is the ratio of the market value of an enterprise to the replacement cost of

capital. Its economic meaning is to compare whether the market value of enterprises as eco-
nomic subjects is greater than the cost of capital that brings cash flow to enterprises, which
is an important factor for enterprises to decide investments [129]. The higher the TobinQ
is, the more inclined the enterprise is to invest and the stronger the motivation for innova-
tion is. Relevant data are obtained from Ruisi (RESSET) database and corporate annual
reports.

. Enterprise cash flow: Cash flow is an important indicator to measure whether an enterprise

has a good operating condition, whether it has enough cash to repay debts and the liquidity
of assets. Sufficient cash flow means that an enterprise has a stable innovation environment
and abundant innovation funds. We measure cash flow by the level of cash held at the
beginning adjusted for total assets as shown in the balance sheet. The relevant data are
obtained from Ruisi (RESSET) database and corporate annual reports.

. Enterprise tax intensity: In this paper, enterprise tax intensity is taken as a control variable

of the model. Tax intensity reflects the proportion of enterprise tax in main business
income. High tax intensity means that enterprises will lose part of the funds used to develop
their own business, which will have a certain impact on innovation. We take the tax paid by
the enterprise divided by the main business income as the index to measure the tax intensity
of the enterprise. The relevant data are obtained from the Ruisi (RESSET) database and the
annual reports of the enterprise.

. Market institutional quality: In this paper, we adopt “China’s Marketization Index—A 2019

Report on the Relative Marketization Process of Various Regions” by Fan Gang and Wang
Xiaolu to measure the institutional quality of the regions where enterprises are located
[130]. It is based on 23 sub-indicators from five aspects: the relationship between the gov-
ernment and the market, the development of the non-state-owned economy, the develop-
ment of the product market, the development of the factor market, the development of the
market intermediary organization and the legal system environment. The index is con-
structed by using Principal Component Analysis as the basic measurement method. How-
ever, due to the slow update of this index, the earliest data is only updated to 2016.
Therefore, we draw lessons from the practice of Ma et al [131], and take the average growth
rate of the marketization index over the years as the forecast basis for 2017 to predict the
market system quality in 2017.

. Regional dummy variable: Due to the differences in infrastructure construction, history

and culture, policy priorities, and economic development in different regions, we also
control the province where each parent company is located as the regional control
variable.

10. Industry dummy variable: We also control the industry variable due to the different devel-

opment foundation, development stage and demand degree of technology and innovation
in each industry. According to industry level ii codes and industry names, the industries
are divided into 59 industries. The industry classification codes and standards are obtained
from the Ruisi (RESSET) database.

All variables are described and sourced in Table 1.
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Table 1. Variable source and definition table.

Variable types symbol | description observations | mean sd minimum | maximum
Explained variable | patent | Innovation performance 1,110 190.454 | 404.659 2.000 2616.000
explanatory ovrd R&D internationalization 1,110 0.323| 0.380 0.000 1.000
variable
mediating doteal | Domestic Technology Alliance 1,110 2.310 |  2.603 0.000 10.000
variables absorp | Absorptive capacity 1,110 3.751 | 3.218 0.306 21.439
moderating comp | Market competition 1,110 0.977 | 0.350 0.474 1.886
variable
Control variables | size Enterprise size (logarithm) 1,110 22287 | 1.182| 20.143 25.715
age Enterprise age 1,110 14.978 5.373 6.000 37.000
exper Overseas Investment experience 1,110 3.929 3.482 1.000 21.000
roe Return on equity 1,110 0.081 0.138 -2.179 1.611
tobinq | The market value of the business divided by the replacement cost of the 1,110 2.625| 2.518 0.113 33.475
assets
cash Cash flow (logarithm) 1,110 20.368 1.219 | 17.536 24.107
revenue | The intensity of tax 1,110 0.015| 0.019| -0.207 0.145
market | Institutional quality 1,110 0.708 |  0.110 0.284 0.836
Instrumental alls Overseas investment scale of companies in other industries other than the 1,110 6.489 | 0.253 5.852 6.958
variable parent company (logarithm)
RDS The mean overseas R&D subsidies in other industries other than the parent | 1,110 2.897 | 3.151 0.000 19.000
company

https://doi.org/10.1371/journal.pone.0252669.t001

4. Empirical results and analysis

4.1 Descriptive statistics and correlation analysis

From the variable relationship description table (Table 2), we can see that R&D internationali-
zation has a significant positive impact on the innovation of the parent company (P<0.01),
and there is a significant correlation between R&D internationalization and domestic

Table 2. Variable relationship description table.

patent ovrd doteal absorp comp size Age exper roe tobinq cash revenue | market
patent 1.0000
ovrd 0.126*** 1.0000
doteal 0.023 0.090*** | 0.111***
absorp 0.001 -0.069** | -0.084"** 1.0000
comp -0.045 -0.042 -0.080%** | -0.144*** 1.0000
size 0.564"** -0.008 -0.016 -0.132"** | -0.148"** 1.0000
age 0.094"** | -0.166"** 0.047 -0.055"* | -0.064"* | 0.239"** 1.0000
exper 0.299*** | 0.081"** | 0.124"** -0.021 -0.028 0.430"** | 0.125"** 1.0000
roe 0.111%* 0.027 0.109*** 0.011 -0.007 0.114*** 0.011 0.032 1.0000
tobinq -0.204*** 0.020 -0.012 0.275*** 0.275*** | -0.381*** | -0.111*** | -0.118"** | 0.205"** 1.0000
cash 0.148"** 0.012 -0.010 0.006 0.009 0.279*** 0.197*** 0.139*** 0.006 -0.091*** 1.0000
revenue | -0.117*** -0.042 -0.005 0.018 0.007 -0.034 -0.029 -0.070** | 0.143*** | 0.144"** 0.001 1.0000
market -0.052* 0.020 -0.012 0.135*** 0.135*** -0.011 -0.039 0.056* 0.033 0.102*** | 0.113*** 0.03 1.0000
T p<0.01,
** p<0.05,
*p<0.1
https://doi.org/10.1371/journal.pone.0252669.t002
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technology alliances (P<0.01), which preliminarily confirms part of our speculation. However,
the correlation between domestic technology alliances, absorptive capacity and the innovation
of the parent company is not significant, which needs to be further analyzed and demon-
strated. Pearson correlation coefficients between the variables are less than 0.5, in the analysis
of variance inflation factor. After mean centralization of related variables in the interaction
item model, the VIF values of each model are shown in Table 3. The VIF value of each model
is between 1.18 and 1.20, which is lower than the usual threshold value of 5, confirming that
there is no multicollinearity between variables.

4.2. Mediating effect test and moderated mediating effect test

We first test the mediating effect of domestic technology alliances and absorptive capacity, and
then test the moderating effect of market competition on domestic technology alliances and
absorptive capacity, as shown in Table 3.

4.2.1 Mediating effect test of domestic technology alliances. Model 1 is the test of the
promotion effect of control variables on the innovation of the parent company; Models 2, 3
and 4 are the test of the mediating effect of domestic technology alliances; Model 2 is the test
of the effect of R&D internationalization on the innovation of the parent company; Model 3
tests the effect of domestic technology alliances on the parent company’s innovation. Model 4
examines the relationship between domestic technology alliances, R&D internationalization
and parent company innovation when controlling for other variables. Like the mediating effect
test of domestic technology alliances, models 2, 5 and 6 are mediating effect tests of absorptive
capacity.

Model 1 shows that the controlling variables, enterprise size, enterprise age, enterprise over-
seas investment experience and ROE have significant positive correlation with the parent com-
pany’s innovation (8 = 0.6735, p < 0.01; §=0.0166, p < 0.05; f=0.0332, p < 0.01; 5= 0.1851,
p < 0.01;). The effect of corporate tax intensity on corporate innovation was negatively corre-
lated (8= -0.1328, p < 0.05). To be specific, large enterprises usually have more sufficient sci-
entific research funds, more abundant human resources and production input factors, so they
have stronger anti-risk ability. Lhuillerys & Plistere and Marchivd & Tether also confirmed the
positive correlation between enterprise size and innovation [132, 133]. The positive correlation
between enterprise age and innovation may be due to the fact that older companies tend to
have a more solid hardware foundation, rich operation experience, a standardized company
system and broader and stable cooperation networks, which are conducive to innovation
[134]. The overseas investment experience of enterprises can help them to have a more com-
prehensive understanding of the investment market, judge the investment form and invest-
ment environment more keenly [135], and thus reduce the risk of innovation failure. The
positive effect of equity indicates that the enterprise has a strong ability to obtain net income
by using its own capital, thus laying a good capital foundation for enterprise innovation. Tax
intensity being negatively significant indicates that high tax intensity occupies the funds used
by enterprises to develop their own business and has a negative impact on innovation. The
negative but not significant influence of the degree of market opening up on the innovation of
enterprises indicates that the open market environment may lead to more fierce market com-
petition among enterprises [136, 137], which causes enterprises to pay more attention to
short-term business performance, thus ignoring the profits brought by long-term innovation
investment. Tobin Q has a negative but not significant impact on enterprise innovation, which
may be due to the fact that enterprises tend to increase investment but they are not conducive
to technological innovation. Diversified investment tends to lead to excessive diversification of
enterprise energy and capital, thus resulting in weak innovation. The cash flow of an enterprise
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Table 3. Mediating effect test and moderated mediating effect test.

VARIABLES ml m2 m3 m4 m5 m6é6 m7 m3 m9 ml10 mll
patent patent doteal patent absorp patent patent doteal patent absorp patent
ovrd 0.479*** 0.707*** 0.349*** 0.160"* 0.441%** 0.250"** 0.360"** 0.217*** 0.095** 0.231***
(0.107) (0.092) (0.106) (0.065) (0.110) (0.039) (0.069) (0.040) (0.046) (0.038)
doteal 0.058*** 0.059***
(0.015) (0.015)
absorp 0.056"** 0.053***
(0.015) (0.015)
comp 0.498"* 0.212 0.535** 0.641" 0.452*
(0.247) (0.366) (0.241) (0.361) (0.251)
ovrd*comp -0.401*** -0.255"* -0.408"** 0.006 -0.340"**
(0.098) (0.100) (0.106) (0.073) (0.095)
doteal*comp 0.039***
(0.014)
absorp*comp -0.012*
(0.007)
size 0.675*** 0.680"** -0.074** 0.683*** -0.052* 0.695*** 0.667*** -0.108"** 0.669*** -0.062** 0.683***
(0.044) (0.040) (0.038) (0.038) (0.030) (0.040) (0.040) (0.039) (0.038) (0.030) (0.040)
age 0.017** 0.015** -0.014* 0.018"* 0.005 0.013* 0.018** -0.011 0.020** 0.005 0.017**
(0.008) (0.008) (0.007) (0.008) (0.005) (0.008) (0.008) (0.007) (0.008) (0.005) (0.008)
exper 0.033*** 0.041*** 0.021** 0.040*** 0.000 0.040*** 0.044*** 0.021** 0.044*** -0.000 0.044***
(0.009) (0.008) (0.010) (0.007) (0.007) (0.008) (0.008) (0.010) (0.008) (0.007) (0.008)
roe 0.185*** 0.162"** 0.109*** 0.143"** -0.016 0.175*** 0.160"** 0.126"** 0.143"** -0.014 0.177***
(0.055) (0.053) (0.036) (0.053) (0.029) (0.053) (0.052) (0.037) (0.051) (0.030) (0.051)
tobinq -0.032 -0.031 0.007 -0.034 0.050"** -0.050" -0.032 0.005 -0.034 0.049*** -0.048"
(0.033) (0.031) (0.014) (0.032) (0.009) (0.029) (0.031) (0.015) (0.031) (0.009) (0.029)
cash -0.028 -0.032 0.016 -0.028 0.003 -0.033 -0.040 0.005 -0.033 0.001 -0.040
(0.035) (0.032) (0.029) (0.030) (0.027) (0.034) (0.033) (0.029) (0.030) (0.026) (0.034)
revenue -0.133** -0.130** -0.034 -0.122** -0.098"* -0.103** -0.126** -0.030 -0.122** -0.098** -0.106**
(0.053) (0.052) (0.043) (0.052) (0.040) (0.052) (0.051) (0.043) (0.052) (0.040) (0.052)
market -0.117 -0.082 -0.119 -0.056 0.079 -0.101 -0.109 -0.116 -0.080 0.079 -0.120
(0.110) (0.104) (0.108) (0.101) (0.062) (0.104) (0.104) (0.110) (0.100) (0.062) (0.103)
Constant -8.780%** -9.285%** 3.169** -9.800%** 1.547** -9.568"** -8.450%** 4.324%* -8.904*** 1.949** -8.918%**
(1.133) (1.114) (1.276) (1.094) (0.786) (1.118) (1.086) (1.286) (1.060) (0.835) (1.093)
Observations 1,110 1,110 1,104 1,110 1,110 1,110 1,110 1,104 1,110 1,110 1,110
Pseudo R2 0.794 0.802 0.174 0.807 0.196 0.806 0.806 0.166 0.811 0.196 0.81
Waldchi2 979.9 1114 101.3 1191 90.88 1136 1169 74.37 1301 90.63 1174
Area FE YES YES YES YES YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES YES
VIF 1.21 1.20 1.20 1.20 1.20 1.20 1.18 1.18 1.19 1.18 1.20
#** p<0.01,
** p<0.05,
* p<0.1
https://doi.org/10.1371/journal.pone.0252669.t1003
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is not significant, which maybe means the more sufficient the cash flow of an enterprise is, the
more likely managers are to waste cash on inefficient investment projects, which is not benefi-
cial to enterprise innovation [138].

Referring to the method of Baron and Kenny [116], we carry out tests on mediating effects
of models 2, 3 and 4. The test results of model 2 show that the internationalization of R&D can
significantly promote the innovation performance of the parent company (8 = 0.4787,

p < 0.01). This shows that different from the traditional internalization theory of international
business [46, 47], the international expansion of emerging market firms is aimed at technology
seeking. R&D internationalization plays a crucial role in the innovation catch-up of emerging
market enterprises [139]. Model 3 showed that domestic technology alliances have a promot-
ing effect of parent company’s innovation (8 = 0.7072, p < 0.01). Model 4 shows that R&D
internationalization and domestic technology alliances have a significant influence on innova-
tion of the parent company (8 = 0.3487, p < 0.01; 8 = 0.0582, p < 0.01). According to models
2, 3 and 4, domestic technology alliances play a mediating role in the process of R&D interna-
tionalization to promote the innovation of the parent company, meaning hypothesis 2 is sup-
ported. It confirms the previous research established that technology alliances often have a
positive impact on the technological performance of companies [140, 141]. Technology alli-
ances are often used by companies’ instruments to acquire technological knowledge and to
develop new skills that reside within the partnering companies [141-143]. Similarly, in the test
results of model 5 and 6, R&D internationalization has a significant promotion effect on
absorption capacity (8 = 0.1604, p < 0.01), while R&D internationalization and absorption
capacity have a significant promotion effect on the innovation of the parent company (8 =
0.4412, p < 0.01; §=0.0555, p < 0.01), meaning hypothesis 3 is supported. This indicates that
absorptive capacity is helpful for enterprises to better integrate and digest the acquired external
knowledge, and at the same time convert the knowledge into business results [68], it is an
important driver of innovation [108].

4.2.2. Test of the moderating effect of absorption capacity and the moderated mediating
effect. According to Muller [117], we use the step-by-step test method of the moderating
mediation model, and in turn to test the model. Model 7 tests the relationship between R&D
internationalization, the interaction terms between R&D internationalization and market
competition to innovation, R&D internationalization, and the interaction terms between R&D
internationalization and market competition both have significant promoting effects on enter-
prise innovation (P<0.01). Model 8 is a test of the positive effect of R&D internationalization
on domestic technology alliances, and the promotion effect of R&D internationalization on
domestic technology alliances is extremely significant (8 = 0.3603, p < 0.01). Model 9 is a test
of the interaction effect between domestic technology alliances and market competition. The
interaction between domestic technology alliances and market competition has a significant
positive effect on innovation (= 0.0392, p < 0.01), indicating that market competition posi-
tively moderates the promoting effect of domestic technology alliances on parent company’s
innovation. Therefore Hypothesis 4 is supported, it indicates that fierce market competition
enables firms to scan their environment for new windows of opportunities and promising new
technologies [105].

Model 10 is a test of the effect of R&D internationalization on absorption capacity, which is
significantly positive (8 = 0.0952, p < 0.01). Model 11 is to test the interaction between absorp-
tive capacity and R&D internationalization and its promoting effect on enterprise innovation
(8=-0.0120, p < 0.1), and illustrates the influence of absorptive capacity of technology inno-
vation has a positive role in promoting innovation, but fierce market competition hinders the
effect on innovation of the parent company, meaning Hypothesis 5 is supported. This indicates
that, different from developed countries, the excessively fierce market competition means the
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reduction of government regulation. However, in China, moderate government regulation is
beneficial to the exertion of enterprises’ absorptive capacity [42]. At the same time fierce mar-
ket competition may also lead to the diversification of competitive market and product [102,
105], which is not conducive to concentrating resources to promote the development of
absorptive capacity of enterprises.

5. Endogeneity test
5.1. Endogeneity description

In the above empirical models, there may be endogenous problems leading to bias of regres-
sion results. First of all, there may be endogenous problems between R&D internationalization
and parent company’s innovation: one may be omitted variable bias, that is, some variables are
related to R&D internationalization, but due to their difficulty in measurement and conceal-
ment these variables are placed in the error term, and the error term is related to R&D interna-
tionalization variables and generates endogenous problems. The second is reverse causality,
that is, internationalization R&D can promote the innovation of the parent company, while
the internationalization of the parent company will in turn promote more R&D internationali-
zation activities. The third is the self-selection of samples: that is, enterprises with more inter-
national R&D are those with more R&D activities. These problems may also exist in the model
of domestic technology alliances and absorption capacity as dependent variables.

5.2. Regression of 2SLS

We select "the scale of overseas investment in other industries other than the parent com-
pany’s” and the “mean overseas R&D subsidies in other industries other than the parent com-
pany” as the instrumental variable of the core independent variable. We calculate the number
of overseas investment subsidiaries of all industries in the sample each year, and classify them
according to the industry second-level code. By excluding the number of overseas investment
subsidiaries in the industry where a single sample is located, the number of overseas invest-
ment subsidiaries in other industries other than the industry where the parent company is
located is obtained as a proxy variable of the overseas investment scale of other industries.
"The number of overseas investment subsidiaries in other industries other than the parent
company" reflects the scale of overseas investment in other industries. They may have a certain
competitive relationship with the R&D internationalization subsidiary in the raw material and
semi-finished products market, but it has nothing to do with the innovation and absorptive
capacity of the parent company and the domestic technology alliances, so as to meet the exoge-
nous of the instrumental variable. The choice of mean overseas R&D subsidies in other indus-
tries other than the parent company is based on the similar reason. We use the 2SLS model to
further test the model. The specific method is as follows: First, the instrumental variable is
used to separate the exogenous part of the core explanatory variable and obtain the fitting
value. Second, we use the fitting value to carry on the regression to the dependent variable. We
also need to test the exogeneity of weak instrumental variables and instrumental variables. The
F value of Kleibergen-Paaprk Wald is much larger than the critical value under the 10% bias,
and the F value of the first-stage regression is also much larger than 10, rejecting the hypothesis
of weak instrumental variables [144]. To further test the correlation of instrumental variables,
the regression results of the first stage are listed, as shown in Table 4. Instrumental variables
were significantly correlated with endogenous explanatory variables (P<0.01). Table 5 shows
the regression results of 2SLS, excluding the model without endogenous explanatory variables.
Models 1, 2 and 3 are the tests of the mediating effect of domestic technology alliances. Model
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Table 4. Regression results of the first stage.

VARIABLES ml
ovrd
alls -0.073**
(0.035)
RDS -0.185"**
(0.006)
Constant 1.269***
(0.281)
Observations 1,110
R-squared 0.499
F 109.5
Kleibergen-Paaprk 123.778
Controls YES
“** p<0.01,
“* p<0.05,
* p<0.1

m2
ovrd
-0.073**
(0.035)
-0.185***
(0.006)
1.269***
(0.281)
1,110
0.499
109.5
123.778
YES

https://doi.org/10.1371/journal.pone.0252669.t004

m3 m4 m5 mé m7 m8 m9 ml0
ovrd ovrd ovrd ovrd ovrd ovrd ovrd ovrd
-0.071** -0.073** -0.070** -0.076** -0.076** -0.075** -0.076** -0.073**
(0.034) (0.035) (0.035) (0.035) (0.035) (0.035) (0.035) (0.035)
-0.180*** -0.185*** -0.184*** -0.183*** -0.183*** -0.178*** -0.183*** -0.183***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
1.183*** 1.269*** 1.245"** 1.281*** 1.281%** 1.228"** 1.281*** 1.264**
(0.281) (0.281) (0.281) (0.281) (0.281) (0.281) (0.281) (0.282)
1,110 1,110 1,110 1,110 1,110 1,110 1,110 1,110
0.503 0.499 0.500 0.501 0.501 0.506 0.501 0.502
101.1 109.5 99.90 91.64 91.64 79.95 91.64 78.74
112.832 123.778 122.587 121.668 121.668 112.588 121.668 120.644
YES YES YES YES YES YES YES YES

1,4 and 5 are the tests of the mediating effect of absorptive capacity. Models 6-10 are the tests
of the regulating effect of market competition. All hypotheses are valid.

6. Robustness test

Since the dependent variable satisfies the normal distribution after taking the logarithm, we
retest each model with the OLS. As shown in Table 6, all hypotheses are verified again through
the tests of models 1-11. Model 1 is the test of control variables. Model 2 tests the promotion
effect of R&D internationalization on the innovation of the parent company. Model 3 tests the
promoting effect of domestic technology alliances on parent company’s innovation. Model 4 is
a test of the innovation of the parent company by integrating R&D internationalization and
domestic technology alliances. Model 2 confirms Hypothesis 1 and models 2-4 confirm
Hypothesis 2. R&D internationalization is confirmed by the mediating effect of domestic tech-
nology alliances on innovation of the parent company. Similarly, models 5 and 6 are tests of
the mediating effect of absorption capacity, and Hypothesis 3 is confirmed. Models 7-9 and
10-11 are tests of the moderating effect of market competition on domestic technology alli-
ances and absorptive capacity. The moderated mediation model is established, and Hypothesis
4 and Hypothesis 5 are confirmed. At the same time, we change the measurement method of
independent variables and use the number of the parent company’s R&D internationalization
subsidiaries (ovnrd) as the proxy variable of R&D internationalization. The results are shown
in Table 7, and the test results of each model remain consistent with the benchmark model.

7. Conclusions and discussion
7.1. Conclusions and contributions

According to the traditional international investment theory, the most important reason for
enterprises to make foreign investment is "internalization", that is, competition barriers and
high transaction costs lead to the incomplete structural market, and meanwhile, the knowledge
market is not complete due to the difficulty in obtaining the relevant knowledge information
of production and sales, therefore, when the market transaction cost of an enterprise is far
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Table 5. Regression results of 2SLS.

VARIABLES ml m2 m3 m4 m5 mé m7 m8 m9 ml0
patent doteal patent absorp patent patent doteal patent absorp patent
ovrd 0.213*** 0.295*** 0.185*** 0.121*** 0.204*** 0.211"** 0.304*** 0.188"** 0.106** 0.204***
(0.029) (0.035) (0.031) (0.025) (0.030) (0.029) (0.035) (0.028) (0.026) (0.030)
doteal 0.037** 0.044***
(0.015) (0.015)
absorp 0.051*** 0.048***
(0.014) (0.015)
comp 0.560"* 0.284 0.563"* 0.623* 0.520"
(0.265) (0.378) (0.253) (0.358) (0.268)
ovrd*comp -0.074*** 0.036 -0.100*** -0.050"** -0.056***
(0.021) (0.029) (0.027) (0.019) (0.022)
doteal*comp 0.040***
(0.014)
absorp*comp -0.012*
(0.007)
size 0.681"** -0.100** 0.680*** -0.060"* 0.697*** 0.691*** -0.101** 0.690*** -0.064** 0.704***
(0.038) (0.040) (0.037) (0.029) (0.039) (0.038) (0.040) (0.035) (0.029) (0.038)
age 0.013* -0.013* 0.015** 0.006 0.011 0.013* -0.014* 0.015** 0.007 0.012*
(0.007) (0.007) (0.007) (0.005) (0.007) (0.007) (0.007) (0.007) (0.005) (0.007)
exper 0.087*** 0.076"** 0.080%** 0.029*** 0.084*** 0.084*** 0.076*** 0.069*** 0.028*** 0.082%**
(0.010) (0.012) (0.010) (0.009) (0.010) (0.010) (0.012) (0.009) (0.009) (0.009)
roe 0.149*** 0.130"** 0.140*** -0.017 0.158*** 0.143*** 0.130%** 0.134*** -0.018 0.157***
(0.051) (0.038) (0.051) (0.029) (0.051) (0.051) (0.038) (0.049) (0.029) (0.050)
tobinq -0.026 0.006 -0.029 0.050"** -0.046* -0.026 0.006 -0.029 0.051%** -0.042
(0.029) (0.015) (0.031) (0.009) (0.028) (0.029) (0.015) (0.029) (0.009) (0.028)
cash -0.033 0.012 -0.029 -0.003 -0.035 -0.030 0.010 -0.022 -0.004 -0.031
(0.031) (0.029) (0.029) (0.027) (0.032) (0.031) (0.029) (0.028) (0.026) (0.031)
revenue -0.101* -0.023 -0.100* -0.093** -0.072 -0.101* -0.023 -0.111** -0.095** -0.082
(0.053) (0.046) (0.052) (0.040) (0.052) (0.052) (0.046) (0.052) (0.039) (0.052)
market -0.043 -0.111 -0.025 0.086 -0.060 -0.081 -0.108 -0.048 0.075 -0.084
(0.102) (0.110) (0.100) (0.061) (0.101) (0.101) (0.110) (0.098) (0.060) (0.099)
Constant -9.303*** 4223 -9.641"** 1.909** -9.607*** -9.535%** 3.824%** -9.941%** 1.968"* -9.966"**
(1.098) (1.310) (1.091) (0.792) (1.103) (1.085) (1.319) (1.037) (0.793) (1.096)
Observations 1,110 1,104 1,110 1,110 1,110 1,110 1,104 1,110 1,110 1,110
Pseudo R2 0.81 0.17 0.813 0.199 0.814 0.814 0.171 0.818 0.173 0.818
Wald chi2 1277 99.43 1304 104.3 1322 1325 103.5 1421 120.3 1351
Area FE YES YES YES YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES
= p<0.01,
** p<0.05,
*p<0.1

https://doi.org/10.1371/journal.pone.0252669.t005

greater than the cost of "internalization", the enterprise is more willing to fix the intermediate
products such as knowledge and technology inside the enterprise [46, 47], the overseas invest-
ment thus made is a kind of "asset-exploiting investment", which is based on the ability of mul-
tinational enterprises not only to prevent the loss of core technology assets, but also to obtain a
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Table 6. Robustness test results based on linear regression.

VARIABLES ml m2 m3 m4 m5 mé6 m7 m8 m9 ml10 mll
Inpatent Inpatent doteal Inpatent absorp Inpatent Inpatent doteal Inpatent absorp Inpatent
Inovrd 0.596"** 2.419*** 0.505*** 1.079** 0.528*** 0.578*** 2.384*** 0.518*** 1.058** 0.503***
(0.171) (0.468) (0.181) (0.508) (0.166) (0.170) (0.469) (0.179) (0.494) (0.168)
doteal 0.037* 0.036*
(0.020) (0.019)
absorp 0.062*** 0.067***
(0.023) (0.016)
comp -0.193 0.876 -0.167 4916 -0.468
(0.745) (2.444) (0.746) (3.517) (0.764)
ovrd*comp -0.986"" -1.747 -1.239** -0.099 -0.791*
(0.484) (1.064) (0.506) (1.882) (0.476)
doteal*comp 0.107**
(0.052)
absorp*comp -0.059*
(0.032)
size 0.760*** 0.766"** -0.197 0.773*** -0.127 0.773*** 0.770*** -0.191 0.774*** -0.133 0.779***
(0.069) (0.066) (0.139) (0.066) (0.167) (0.066) (0.066) (0.139) (0.065) (0.167) (0.067)
age 0.037*** 0.036*** -0.045 0.037*** 0.018 0.035*** 0.037*** -0.044 0.037*** 0.018 0.037***
(0.013) (0.013) (0.028) (0.012) (0.036) (0.012) (0.013) (0.028) (0.012) (0.036) (0.012)
exper 0.019 0.024 0.046 0.023 0.002 0.024 0.023 0.043 0.023 0.001 0.024
(0.019) (0.018) (0.037) (0.018) (0.045) (0.017) (0.018) (0.037) (0.018) (0.045) (0.017)
roe 0.113** 0.099** 0.310"** 0.088" -0.147 0.108"* 0.101** 0.312*** 0.091** -0.147 0.117**
(0.046) (0.045) (0.100) (0.045) (0.185) (0.045) (0.045) (0.101) (0.044) (0.185) (0.047)
tobinq -0.006 -0.004 0.030 -0.005 0.302"** -0.023 -0.003 0.031 -0.006 0.302"** -0.020
(0.017) (0.017) (0.052) (0.018) (0.100) (0.018) (0.017) (0.052) (0.017) (0.099) (0.017)
cash 0.042 0.041 0.057 0.039 -0.013 0.042 0.041 0.056 0.040 -0.015 0.046
(0.043) (0.043) (0.094) (0.043) (0.163) (0.042) (0.043) (0.093) (0.042) (0.162) (0.042)
revenue -0.094 -0.095 -0.127 -0.090 -0.416* -0.069 -0.092 -0.124 -0.098 -0.420* -0.073
(0.077) (0.076) (0.153) (0.075) (0.246) (0.072) (0.076) (0.153) (0.075) (0.248) (0.072)
market -0.161% -0.161* -0.267 -0.151 0.265 -0.177* -0.170* -0.283 -0.167* 0.265 -0.191**
(0.094) (0.095) (0.302) (0.095) (0.326) (0.093) (0.095) (0.302) (0.095) (0.328) (0.093)
Constant -13.036*** -13.297*** 7.725* -13.585*** 3.209 -13.496*** -13.187*** 8.291" -13.270%** 3.632 -13.543***
(1.895) (1.847) (4.405) (1.833) (4.713) (1.806) (1.831) (4.368) (1.816) (4.721) (1.794)
Observations 1,110 1,110 1,110 1,110 1,110 1,110 1,110 1,110 1,110 1,110 1,110
R-squared 0.638 0.646 0.294 0.649 0.402 0.656 0.648 0.297 0.653 0.404 0.661
F 24.43 24.07 4.697 21.85 3.612 23.40 19.96 4.344 17.32 3.312 19.28
Area FE YES YES YES YES YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES YES
% p<0.01,
** p<0.05,
* p<0.1

https://doi.org/10.1371/journal.pone.0252669.t006

broader market and sales and supply network [35]. However, cross-border investment of
emerging market enterprises is totally different. Many emerging market enterprises are faced
with domestic institutional difficulties and weak economic environment, and they do not have
absolute advantages such as technology, brand and sales network. Therefore, these enterprises
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Table 7. Robustness test results based on R&D internationalization variable substitution.

VARIABLES ml m2 m3 m4 m5 mé6 m7 m8 m9 m10 mll
patent patent doteal patent absorp patent patent doteal patent absorp patent
ovnrd 0.114*** 0.154*** 0.098"** 0.062*** 0.110*** 0.089*** 0.156*** 0.073*** 0.063*** 0.085***
(0.013) (0.018) (0.014) (0.014) (0.013) (0.014) (0.019) (0.014) (0.017) (0.014)
doteal 0.040"** 0.040***
(0.015) (0.015)
absorp 0.055*** 0.052***
(0.014) (0.014)
comp 0.566"* 0.299 0.593** 0.650* 0.517**
(0.255) (0.379) (0.248) (0.355) (0.258)
c.c_ovnrd#c.comp -0.078*** 0.011 -0.093*** 0.002 -0.079%**
(0.021) (0.018) (0.022) (0.020) (0.020)
doteal*comp 0.047+**
(0.013)
absorp*comp -0.018***
(0.007)
size 0.675*** 0.662"** -0.109*** 0.666"** -0.061** 0.679*** 0.676"** -0.113*** 0.673*** -0.065** 0.698"**
(0.044) (0.036) (0.039) (0.036) (0.029) (0.036) (0.036) (0.039) (0.035) (0.029) (0.036)
age 0.017** 0.017** -0.011 0.018** 0.007 0.014** 0.014* -0.012 0.015** 0.007 0.013*
(0.008) (0.007) (0.007) (0.007) (0.005) (0.007) (0.007) (0.007) (0.007) (0.005) (0.007)
exper 0.033*** 0.020*** -0.023** 0.022*** -0.013* 0.020*** 0.013* -0.023** 0.016** -0.013* 0.013**
(0.009) (0.006) (0.011) (0.007) (0.008) (0.007) (0.007) (0.011) (0.007) (0.008) (0.007)
roe 0.185*** 0.1417** 0.129"** 0.130** -0.018 0.152*** 0.157*** 0.130*** 0.153*** -0.018 0.173***
(0.055) (0.050) (0.038) (0.051) (0.029) (0.050) (0.054) (0.038) (0.054) (0.029) (0.053)
tobinq -0.032 -0.028 0.003 -0.030 0.049"** -0.049* -0.028 0.003 -0.029 0.049*** -0.044
(0.033) (0.029) (0.015) (0.030) (0.009) (0.027) (0.030) (0.015) (0.030) (0.009) (0.028)
cash -0.028 -0.038 0.011 -0.034 -0.002 -0.040 -0.035 0.011 -0.030 -0.003 -0.035
(0.035) (0.030) (0.029) (0.028) (0.027) (0.031) (0.029) (0.029) (0.028) (0.026) (0.030)
revenue -0.133** -0.110** -0.034 -0.107** -0.098** -0.080 -0.107** -0.033 -0.108** -0.099** -0.086*
(0.053) (0.052) (0.046) (0.052) (0.040) (0.052) (0.052) (0.046) (0.052) (0.040) (0.052)
market -0.117 -0.023 -0.118 -0.009 0.082 -0.041 -0.031 -0.125 -0.013 0.081 -0.045
(0.110) (0.102) (0.111) (0.100) (0.061) (0.101) (0.100) (0.112) (0.097) (0.061) (0.098)
Constant -8.780*** -9.220%** 4.243*** -9.597*** 1.833** -9.527*** -9.256*** 4.590%** -9.451*** 2.111** -9.848***
(1.133) (1.073) (1.301) (1.069) (0.794) (1.076) (1.047) (1.316) (1.029) (0.820) (1.063)
Observations 1,110 1,110 1,104 1,110 1,110 1,110 1,110 1,104 1,110 1,110 1,110
Pseudo R2 0.7939 0.8125 0.1674 0.8146 0.1976 0.8168 0.8176 0.1678 0.8210 0.1994 0.8225
Wald chi2 979.9 1296 97.70 1327 99.41 1329 1304 98.12 1359 104.3 1342
Area FE YES YES YES YES YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES YES
% p<0.01,
** p<0.05,
* p<0.1

https://doi.org/10.1371/journal.pone.0252669.t007

hope to obtain core competitive resources through rapid internationalization [1,48]. R&D
internationalization is the most direct and rapid way to acquire technological resources. Exist-
ing literature focuses on the motivation and expansion methods of internationalization of
emerging market firms [49, 50], lack of mechanism research on the internationalization of
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emerging market enterprise, which is still a gap in the research in the emerging market enter-
prise and their overseas R&D activities. Studying the mechanism of the R&D internationaliza-
tion of emerging market enterprise is of great significance for us to understand the catch-up
path of emerging market firms and to supplement and expand the existing international busi-
ness theories. At the same time, the research on the mechanism of R&D internationalization
also helps managers to pay attention to the factors that multinational enterprises may ignore
in the process of internationalization: the absorptive capacity of enterprise and local stakehold-
ers, so as to better promote enterprise innovation and performance.

Can R&D internationalization promote the innovation of late-development enterprises?
The knowledge-based view emphasizes that the knowledge accumulated by enterprises is the
key to the sustainable innovation ability of enterprises, and also the key to the core competi-
tiveness of enterprises [55]. Innovation scholars believe that novel innovations are often the
result of existing and diversified knowledge combinations [28], and that R&D internationaliza-
tion creates the basis for the cultivation of diverse knowledge within an enterprise. In this
paper, we found that China’s R&D internationalization played a significant role in promoting
the innovation of the parent company, and we illustrated for the first time, R&D international-
ization, domestic technology alliances and absorptive capacity were combined in a unified
research framework, which proved the role of domestic technology alliances and absorptive
capacity in the connection between R&D internationalization and innovation progress, market
competition played a moderating role in this process. In fierce market competition, domestic
technology alliances played a positively significant role in promoting innovation while the
absorptive capability of parent company played a negative one. The theoretical and empirical
contributions of this paper are as follows:

First, our study complements existing international investment theories and is a useful
complement to the existing literature on the internationalization of emerging market firms.
Based on the theoretical basis of Hymer, Buckley and Casson [46, 145], Dunning integrated
ownership advantage, internalization advantage theory and location advantage theory [34],
and believed that the ownership advantage of enterprises on specific assets was the basis of
enterprises’ cross-border investment. Such advantages include the advantages inherent in the
enterprise itself, such as technology, trademark, management skills, also include the advan-
tages generated through foreign investment, such as diversification of products and markets,
integration of production processes, and monopoly of sales markets and raw materials. The
purpose of internationalization of multinational corporations is to use their assets and owner-
ship for internal use. They choose the regions with specific geographical advantages to invest
in order to obtain the maximum benefits. However, the traditional international business the-
ory is mainly aimed at the mature market countries, and ignores the technology seeking moti-
vation of enterprises to a certain extent. For emerging market countries, their
internationalization is mainly aimed at technology acquisition and learning effect [146, 147].
The existing research on emerging market internationalization focuses on the motivation and
entry mode of emerging market enterprises’ internationalization [139, 147]. Our research on
the impact of R&D internationalization on innovation of emerging market firms confirms the
technology seeking motivation of emerging market firms. And on the basis of the previous lit-
erature, this paper expounds the path of R&D internationalization of emerging market firms,
which promotes the innovation of emerging market enterprises through the absorptive capac-
ity of local parent companies and the role of domestic technology alliance, while fierce local
market competition promotes this role. These mechanisms have not been identified in previ-
ous studies. This finding is crucial for us to expand existing research on emerging multina-
tional firm internationalization and better understand how these firms achieve innovation and
thus improve firm performance.
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Second, our findings speak to one of the most essential and timely discussions of the emerg-
ing market enterprise internationalization—the international R&D activities. With the devel-
opment of emerging market enterprises such as China and India, the world investment
pattern is undergoing great changes. How do these enterprises achieve a leap in their own per-
formance through international investment as a springboard? This problem has received more
and more academic attention. Take China as an example, in recent years, China’s Huawei has
set up dozens of international R&D centers in France, Japan, India, Germany, Indonesia and
other places, and has made great achievements in communication software, cutting-edge com-
munication network services, chip manufacturing and other areas. Bytedance, a new Chinese
tech company that has risen rapidly in recent years with its artificial intelligence algorithms,
has greatly expanded its overseas operations, setting up research labs in the United States,
Japan, Europe and other regions. Our research has focused on the international R&D activities,
explains the path and the mechanism of R&D internationalization in emerging markets, not
only help us to expand international business theory, but also help us to understand the phe-
nomenon of the rise of international R&D activities in emerging market, confirmed the impor-
tance of these activities. And for the first time, we analyze the relationship between R&D
internationalization, domestic technology alliance and absorptive capacity of parent company
deeply, which is of great significance to explain the phenomenon of overseas R&D activities in
emerging markets.

Third, similarly, academia is also abuzz on the subject of the effect of changing environment
inside or outside the MNE (muti-national enterprise). Complementing previous studies, our
paper extends the MNE literature and sheds new light on the understudied aspects of effect of
domestic environment on promoting the RD internationalization. Domestic technology alli-
ances play a crucial role in promoting innovation of emerging market firms’ R&D internation-
alization. Meanwhile, the intensity of local market competition significantly moderates the
effect of local technology alliances on the firm’s innovation performance. While previous stud-
ies have focused on the motivation of knowledge acquisition in emerging market enterprises
and studied overseas R&D activities and local R&D activities separately, our research focuses
on the important local factors including absorptive capacity of the parent company and
domestic technology alliance, perceives them as a whole to promote knowledge integration
after the acquisition of knowledge in developed markets and sees them are the key factors to
innovation catch-up. Ignoring these factors may lead to a patchwork and superficial under-
standing of innovation catch-up in emerging markets. Moreover, previous literatures focus on
the influencing factors at the host country level and the defects of the home country system in
the process of the internationalization of emerging market enterprises [1, 148], ignoring the
dual effect of competitive environment to local R&D activities may lead to managers’ unbal-
anced allocation of resources and inability to adjust the enterprise’s strategic decisions in time.

Fourth, starting from the perspective of knowledge-based view, we used a unified frame-
work to link the R&D internationalization of emerging market enterprises with local technol-
ogy alliances, which not only expands the research related to international investment, but also
enriches the relevant content of knowledge-based view. Knowledge-based view holds that
knowledge which is implicit and unteachable is the root of enterprise heterogeneity and deeply
embedded in the local environment [52, 55]. But it is mainly focus on the integration and
acquisition of internal knowledge, and we believe that the integration and understanding of
knowledge by technology alliances in external environments is critical. The understanding and
digestion of knowledge by multi-stakeholder groups can make better use of knowledge and
feedback knowledge results. Such interest groups not only include upstream and downstream
enterprises of the supply chain, but also non-profit organizations such as research institutes
and universities. External synergy is beneficial to enhance the ability of the core partner in the
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alliance to use knowledge, this expands our understanding of knowledge-based theory and
absorptive capacity theory.

7.2. Implications

The conclusions of this paper have the following policy implications for emerging market
enterprises to deepen the reform of scientific and technological systems and promote the tech-
nological innovation of enterprises. From the perspective of the government, the government
should first pay much attention to the promotion effect of R&D internationalization on tech-
nological progress. Due to the increasingly fierce competition between developed and develop-
ing countries in the overseas market in recent years, it is not easy for the government to
acquire technologies through R&D internationalization, so it is necessary for the government
to realize the important strategic position and the practical difficulties faced in R&D interna-
tionalization. Second, the government should attach importance to domestic technology alli-
ances for fostering independent innovation; the government should provide more financial
support and policy guidance to enterprises with international R&D business and domestic
technology alliance business, and continue to improve laws and regulations on cooperation
forms such as "industry-university-research cooperation”, "public innovation and sharing",
and "enterprise intermediary consulting service platforms”, promote the communication and
connection among stakeholders such as universities, research institutes, industry associations,
suppliers and enterprise competitors, build good cooperation platforms for domestic technol-
ogy alliances, and make domestic technology alliances an important base for the transforma-
tion of R&D internationalization achievements. Thirdly, the government should pay much
attention to the cultivation of the absorptive capacity of domestic enterprises through talent
cultivation support, innovative hardware facilities construction, and financial market stability
to provide a sound environment for the cultivation of absorptive capacity. From the perspec-
tive of enterprises, first of all, emerging market enterprises should not only aim at expanding
the market or reducing the production cost of products, but also pay more attention to the role
of knowledge assets. Secondly, It is not only for enterprises to "go out" and get close to the
innovation frontier to acquire the core knowledge assets of the host country, but in addition, it
is also necessary for enterprises to attract technical talents by means of improving salary and
treatment, so as to enhance the absorption capacity of enterprises. Finally, enterprises need to
consciously cooperate with domestic stakeholders and establish a win-win relationship with
suppliers, universities, customers and even competitors in order to stabilize their strategic
position in the face of fierce market competition.

7.3. Limitations and future research directions

This paper has the following deficiencies: First, we only use the panel data of a single country,
China, while it is worth further exploring in the future whether the R&D internationalization
performance of India, Brazil and other late-developing countries in economic and social trans-
formation can promote the innovation of parent companies through similar paths. Second,
restricted by data availability, in this paper, we only apply the samples from 2012 to 2017 as the
research object, meanwhile, we select the number of R&D internationalization subsidiaries
accounting for the number of overseas investment subsidiaries as the proxy variable of R&D
internationalization, such proxy variables are more specific and accurate than binary dummy
variables commonly used at present, however, it still has limitations and remains to be further
perfected. Third, this paper only focuses on the relationship between domestic technology alli-
ances, absorptive capacity and R&D internationalization, and the domestic technology alli-
ances, absorptive capacity of R&D internationalization on innovation of the parent company
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play a partial mediating role, however, as for the existence of other mediators, the mechanism
of action and the path of action of other mediators, this study has not been carried out yet.
Future research can further explore the mediating effect between R&D internationalization
and the innovation performance of the parent company.

Supporting information

S1 Fig. Logic frame figure.
(TIF)

S1 Table. Variable source and definition table.
(DOCX)

$2 Table. Variable relationship description table.
(DOCX)

§3 Table. Mediating effect test and moderated mediating effect test.
(DOCX)

S4 Table. Regression results of the first stage.
(DOCX)

S5 Table. Regression results of 2SLS.
(DOCX)

S6 Table. Robustness test results based on linear regression.
(DOCX)

S7 Table. Robustness test results based on R&D internationalization variable substitution.
(DOCX)

S1 Data.
(RAR)

Acknowledgments

Our deepest gratitude goes to the editor and the anonymous reviewers for their careful work
and thoughtful suggestions that have helped improve this paper substantially.

Author Contributions
Conceptualization: Jingjing Li.
Data curation: Jingjing Li.

Formal analysis: Jingjing Li.
Funding acquisition: Jingjing Li.
Investigation: Jingjing Li.
Methodology: Jingjing Li.

Project administration: Jingjing Li.
Resources: Jingjing Li.

Software: Jingjing Li.

Supervision: Jingjing Li.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 29/35


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252669.s009
https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

Validation: Jingjing Li.

Visualization: Jingjing Li.

Writing - original draft: Jingjing Li.

Writing - review & editing: Jingjing Li, Gang Liu, Zihan Ma.

References

1. LuoY, Tung RL. International expansion of emerging market enterprises: a springboard perspective.
Journal of International Business Studies. 2007; 4: 481-498.

2. Mathews JA. Dragon multinationals: new players in 21st century globalization. Asia Pacific Journal of
Management. 2006; 23(1): 5-27.

3. Child J, Rodrigues SB. The internationalization of Chinese firms: a case for theoretical Extension?
Manage Organ Rev. 2005; 1(3): 381—410.

4. RuiH,, Yip GS. Foreign acquisitions by Chinese firms: a strategic intent perspective. Journal of World
Business. 2008; 43: 213-226.

5. Alcacer J, Chung W. Location strategies and knowledge spillovers. Management Science. 2007; 53
(5): 760-776.

6. Driffield N, Love J, Menghinello S. The multinational enterprise as a source of international knowledge
flows: direct evidence from Italy. Journal of International Business Studies. 2010; 41(2): 350-359.

7. SongJ, Asakawa K, Chu Y. What determines knowledge sourcing from host locations of overseas
R&D operations? A study of global R&D activities of Japanese multinationals. Research Policy. 2011;
40(3): 380—390.

8. Ambos B. Foreign direct investment in industrial research and development: A study of German
MNCs. Research Policy. 2005; 34(4): 395—-410.

9. Kuemmerle W. Building effective R&D capabilities abroad. Harvard Business Review. 1997; 3: 61—
70.

10. Frost TS. The geographic sources of foreign subsidiaries’ innovations. Strategic Management Journal.
2001; 22(2): 101-123.

11.  Lehrer M, Asakawa K. Offshore knowledge incubation: the “third path” for embedding R&D labs in for-
eign systems of innovation. Journal of World Business. 2002; 37(4): 297-306.

12. Gassmann O., Han Z. Motivations and barriers of foreign R&D activities in China. R&D Management.
2004; 4:423-437.

13. WuJ, Wang C. Hong J, Piperopoulos P, Zhuo S. Internationalization and innovation performance of
emerging market enterprises: the role of host-country institutional development. Journal of World Busi-
ness. 2016; 2: 251-263.

14. PengZ, Qin C, Chen RR, Cannice MV, Yang X. Towards a framework of reverse knowledge transfer
by emerging economy multinationals: evidence from Chinese MNE subsidiaries in the United States.
Thunder bird International Business Review. 2017; 59(3): 349-366.

15. lwasa T, Odagiri H. Overseas R&D, knowledge sourcing, and patenting: an empirical study of Japa-
nese R&D investment in the US. Research Policy. 2004; 33(5): 807—-828.

16. Todo Y, Shimizutani S. Overseas R&D activities and home productivity growth: evidence from Japa-
nese firm level data. Journal of Industrial Economics. 2008; 56(4): 752-777.

17. Gassmann O, Von Zedtwitz M. New concepts and trends in international R&D organization. Research
Policy. 1999; 28: 231-250.

18. ZhaoH, LuoY, Suh T. Transaction cost determinants and ownership-based entry mode choice: a
meta-analytical review. Journal of International Business Studies. 2004; 35: 524-544.

19. Asakawa K. Organizational tension in international R&D management: The case of Japanese firms.
Research Policy. 2001; 1: 735-757.

20. Sanna-Radaccio F, Veugelers R. Multinational knowledge spillovers with decentralized R&D: A game-
theoretic approach. Journal of International Business Studies. 2007; 38: 47-63.

21. Henderson R, Jaffe AB, Trajtenberg M. Patent citations and the geography of knowledge spillovers: a
reassessment comment. American Economic Review. 2005; 95(1): 461-464.

22. Joan PH, Myles SJ. Does international research and development increase patent output? An analysis

of japanese pharmaceutical firms. Strategic Management Journal. 2005; 26:121-140.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 30/35


https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Lai MY; Peng S, Bao Q. Technology spillovers, absorptive capacity and economic growth. China Eco-
nomic Review. 2006; 17: 300-320.

Kuo CC, Yang CH. Knowledge capital and spillover on regional economic growth: evidence from
China. China Economic Review. 2008; 19: 594—604.

Zahra Shaker A., Hayton James C. The effect of international venturing on firm performance: The
moderating influence of absorptive capacity. Journal of Business Venturing. 2008; 23: 195-220.

Belderbos R, Leten B, Suzuki S. How global is R&D? Firm level determinants of home-country bias in
R&D. Journal of International Business Studies. 2013; 44: 765—786.

Belderbos R, Lokshin B, Sadowski B. The returns to foreign R&D. Journal of International Business
Studies. 2015; 4: 491-504.

Schumpeter JA. Capitalism, socialism, and democracy. New York: Harper & Brothers; 1942.

Cantwell JA., Mudambi R. MNE competence-creating subsidiary mandates. Strategic Management
Journal. 2005; 6: 1109-1128.

Cantwell JA., Zhang Y. Why is R & D internationalization in Japanese firms so low? A path-dependent
explanation. Asian Business and Management. 2006; 5: 249-269.

Kafouros MI, Buckley PJ, Sharp JA, Wang C. The role of internationalization in explaining innovation
performance. Technovation. 2008; 28: 63—74.

Singh J. Distributed R&D, cross-regional knowledge integration and quality of innovative output.
Research Policy. 2008; 1: 77-96.

Hsu, Wen C, Lien YC, Homin. R&D internationalization and innovation performance. International
Business Review. 2015; 24: 187—-195.

Chen CJ, Huang YF, Lin BW. How firms innovate through R&D internationalization? An S-curve
hypothesis. Research Policy. 2012; 41: 1544—1554.

Papanastassiou M, Pearce R, Zanfei A. Changing perspectives on the internationalization of R&D and
innovation by multinational enterprises: a review of the literature. Journal of International Business
Studies. 2020; 51(4): 623-664.

Almeida P, Phene A. Subsidiaries and knowledge creation: the influence of the MNC and host country
on innovation. Strategic Management Journal. 2004; 25(8): 847—-864.

Phene A, Almeida P. Innovation in multinational subsidiaries: the role of knowledge assimilation and
subsidiary capabilities. Journal of International Business Studies. 2008; 39(5): 901-919.

Buckley PJ, Clegg J, Wang C. Is the relationship between inward FDI and spillover effects linear? An
empirical examination of the case of China. Journal of International Business Studies. 2007; 38: 447—
459.

Hitt MA, Ahlstrom D, Dacin MT, Levitas E, Svobodina L. The institutional effects on strategic alliance
partner selection in transition economies: China vs. Russia. Organization Science. 2004; 15(2): 173—
185.

Peng MW, Wang D, Jiang Y. An institution-based view of international business strategy: a focus on
emerging economies. Journal of International Business Studies. 2008; 39: 920-936.

Wang C., Hong J, Kafouros M., Wright M. Exploring the role of government involvement in outward
FDI from emerging economies. Journal of International Business Studies. 2012; 7: 655-676.

Li C, Yuan R, Khan MA., Pervaiz K, Sun X. Does the mixed-ownership reform affect the innovation
strategy choices of Chinese state-owned enterprises?. Sustainability. 2020; 12(7): 2587. https://doi.
org/10.1007/s00148-021-00853-2..

Li J, Zhong J. Explaining the growth of international R&D alliances in China. Managerial and Decision
Economics. 2003; 24(2): 101-115.

Buckley PJ, Clegg J, Wang C. Is the relationship between inward FDI and spillover effects linear? An
empirical examination of the case of China. Journal of International Business Studies. 2007; 38: 447—
459.

Luo Y, Xue Q, Han B. How emerging market governments promote outward FDI: experience from
China. Journal of World Business. 2010; 45: 68—79.

Buckley PJ, Casson M. The future of the multinational enterprise. London: Macmillan; 1976.

Dunning JH. Trade, location of economic activity and the multinational enterprise: a search for an
eclectic approach. In: Wijikman P, editor. The international allocation of economic activity. London:
Macmillan; 1977.

Rugman AM, Nguyen QTK. Chinese multinationals and public policy. International Journal of Emerg-
ing Markets. 2014; 9(2): 205-215.

Lall S. The new multinationals: the spread of third world enterprises. New York: Wiley; 1983.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 31/35


https://doi.org/10.1007/s00148-021-00853-2
https://doi.org/10.1007/s00148-021-00853-2
https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.
62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Lecraw DJ. Outward direct investment by Indonesian firms: motivation and effects. Journal of Interna-
tional Business Studies. 1993; 24: 589-600.

Kogut B, Zander U. Knowledge of the firm, combinative capabilities, and the replication of technology.
Organization Science. 1992; 3: 383-397.

Grant RM. Toward a knowledge-based theory of the firm. Strategic Manage Journal. 1996; 17: 109—
220.

Bertrand O, Mol MJ. The antecedents and innovation effects of domestic and offshore R&D outsourc-
ing: The contingent impact of cognitive distance and absorptive capacity. Strategic Management Jour-
nal. 2013; 34(6): 751-760.

Hakanson L. The firm as an epistemic community: the knowledge-based review revisited. Industrial
and Corporate Change. 2010; 19: 1801-1828.

Nelson R, Winter S. An evolutionary theory of economic change. Cambridge: Harvard University
Press; 1982.

Inkpen AC, Tsang EWK. Social capital, networks, and knowledge transfer. The Academy of Manage-
ment Review. 2005; 30(1): 146—165.

Gravier MJ, Randall WS, Strutton D. Investigating the role of knowledge in alliance performance. Jour-
nal of Knowledge Management. 2008; 12(4): 117-130.

Nonaka |, Takeuchi H. The knowledge-creating company. New York: Oxford University Press, 1995.

Bhagat R, Harveston PD, Triandis HC. Cultural variations in the cross-border transfer of organizational
knowledge: an integrative framework. Academy of Management Review. 2002; 2: 204—221.

Teece DJ, Pisano G, Shuen A. Dynamic capabilities and strategic management. Strategic Manage-
ment Journal. 1997; 7: 509-533.

Winter S. Knowledge and competence as strategic assets. Harper and Row Press: New York; 1987.

Barney J. Firm resources and sustained competitive advantage. Journal of Management. 1991; 1:
99-120.

Meng MM, Lei JS, Jiao J, Tao Q. How does strategic flexibility affect bricolage: The moderating role of
environmental turbulence. Plos One. 2019; 10(4): 1-18. http://doi.org/10.1371/journal.pone.0238030.

Dunning JH. The eclectic paradigm of international production: a restatement and some possible
extensions. Journal of International Business Studies. 1988; 1: 1-31.

Dunning J, Narula R. The R&D activities of foreign firms in the United States. International Journal of
Management and Organization. 1995; 1: 39-74.

Mention AL, Asikainen AL. Innovation and productivity: investigating effects of openness in services.
Int. J. Innov. Manag. 2012; 3: 124—128.

Levinthal DA, March JG. The myopia of learning. Strategic Management Journal. 1993; 4, 95-112.

Cohen WM, Levinthal DA. Absorptive capacity: A new perspective on learning and innovation. Admin-
istrative Science Quarterly. 1990; 1: 48-60.

Zhang X, Xu B. R&D Internationalization and Green Innovation? Evidence from Chinese Resource
Enterprises an Environmental Enterprises. Sustainability. 2019; 11: 1-18. https://doi.org/10.3390/
su11247225

Mathews JA, Cho DS. Combinative capabilities and organizational learning in latecomer firms: The
case of the Korean semiconductor industry. Journal of World Business. 1999; 2: 139-156.

Walcott SM. Chinese industrial and science parks: Bridging the gap. Professional Geographer. 2002;
54: 349-364.

Chesbrough H, Vanhaverbeke W, West J. Open innovation: Researching a new paradigm. Oxford:
Oxford University Press; 2006.

Hao J, Li C, Yuan R, Ahmed M, Khan MA, Olah J. The influence of the knowledge-based network
structure hole on enterprise innovation performance: the threshold effect of R&D investment intensity.
Sustainability. 2020; 12(15): 6155. https://doi.org/10.3390/su12156155.

Malmberg A, Maskell P. Localized learning revisited. Growth and Change. 2006; 4: 1-18.

Hewitt G. Research and development performed abroad by US manufacturing multinationals. Kyklos.
1980; 2: 308-327.

Henderson R., Cockburn I. Scale, scope, and spillovers: The determinants of research productivity in
drug discovery. Journal of Economics. 1996; 1: 32—46.

Nesta L, Saviotti P. Coherence of the knowledge base and the firm’s innovative performance: Evi-
dence from the US pharmaceutical industry. Journal of Industrial Economics. 2005; 53: 123—142.

Kodama F. Technology fusion and the new R&D. Harvard Business Review. 1992; 4: 70-78.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 32/35


http://doi.org/10.1371/journal.pone.0238030
https://doi.org/10.3390/su11247225
https://doi.org/10.3390/su11247225
https://doi.org/10.3390/su12156155
https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

Zahra SA, George G. Absorptive capability, a review, reconceptualization and extension. Academy of
Management Review. 2002; 1: 185-203.

Kotabe M, Jiang CX Murray JY. Managerial ties, knowledge acquisition, realized absorptive capacity
and new product market performance of emerging multinational companies: a case of China. Jouranl
of World Business. 2011; 46(2): 166-176.

Mariyakhan K, Mohamued EA, Khan MA, Popp J, Olah J. Does the level of absorptive capacity matter
for carbon intensity? Evidence from the USA and China. Energies. 2020; 13: 407. https://doi.org/10.
3390/en13020407

Makino S, Lau CM, Yeh RS. Asset-exploitation versus asset-seeking: implications for location choice
of foreign direct investment from newly industrialized economies. Journal of International Business
Studies. 2002; 33:403-421.

Mufioz-Pascual L, Galende J. Ambidextrous knowledge and learning capability: The magic potion for
employee creativity and sustainable innovation performance. Sustainability. 2020; 12: 1-27. https:/
doi.org/10.3390/su12103966

Arora A, Gambardella A. Evaluating technological information and utilizing it—scientific knowledge,
technological capability, and external linkages in biotechnology. Journal of Economic Behavior and
Organization. 1994; 1: 91-114.

Almeida P, Song J, Grant RM. Are firms superior to alliances and markets? an empirical test of cross-
border knowledge building. Organization Science. 2002; 2, 147—161.

Mockler RJ, Making decisions on enterprise-wide strategic alignment in multinational alliances. Man-
agement Decision. 2009; 39(2): 980-992.

Butler Colin. Problems in global strategic alliance management for European defence manufacturing
firms. Management Decision. 2008; 46(2): 330—341.

Ruckman K. Technology sourcing acquisitions: what they mean for innovation potential. Journal of
Strategy and Management. 2009; 2(1): 56-75.

Nohria N, Garcia-Pont C. Global strategic linkages and industry structure. Strategic Management
Journal. 1991; 12: 105-124.

Nooteboom BW, Vanhaverbeke G, Duysters V, Van Gilsing DA. Optimal cognitive distance and
absorptive capacity. Research Policy. 2007; 36(7): 1016—-1034.

Pfeffer J, Nowak. Joint ventures and inter organizational interdependence. Administrative Science
Quarterly. 1976; 21: 398—418.

Wiersema MF, Bowen HP. Corporate international diversification: the impact of foreign competition,
industry globalization and firm diversification. Strategic Management Journal. 2008; 2: 115-132.

Yiu DW, Lau CM, Bruton G. International venturing by emerging economy firms: the effects of firm
capabilities, home country networks, and corporate entrepreneurship. Journal of International Busi-
ness Studies. 2007; 38: 519-540.

Shankar. Proactive and reactive product line strategies: asymmetries between market leaders and fol-
lowers. Management Science. 2006; 2: 276-292.

Cravens DW, Shipp SH. Analysis of co-operative inter organizational relationships, strategic alliance
formation, and strategic alliance effectiveness. Journal of Strategic Marketing. 1993; (1): 55-70.

Hammervoll T. Value creation in supply chain relationships: a critique of governance value analysis.
European Journal of Marketing. 2009; 43(5): 630—-639.

Grant RM, Baden-Fuller C. A knowledge-based theory of inter-firm collaboration. Academy of Man-
agement Annual Meeting Proceedings. 1995; 1: 17-21.

Lambe CJ, Spekman RE. Alliances, external technology acquisition, and discontinuous technological
change. Journal of Product Innovation Management. 1997; 14(2): 102—-111.

Dussauge PB, Garrette, Mitchell W. Learning from competing partners: outcomes and durations of
scale and link alliances in Europe, North America and Asia. Strategic Management Journal. 2000; 21
(2): 99-126.

Kim J, Parkhe A. Competing and cooperating similarity in global strategic alliances: An exploratory
examination. British Journalof Management. 2009; 20(3): 363-376.

Agarwal R, Selen W. Multi-dimensional nature of service innovation—operationalisation of the ele-
vated service offering construct in collaborative service organizations. International Journal of Opera-
tions & Production Management. 2011; 31(11): 1164—1192.

Faems DB, Looy V, Debackere K. Inter-organizational collaboration and innovation: towards a portfolio
approach. Journal of Product Innovation Management. 2005; 22: 238-50.

Zhou KZ, Yim CK, Tse DK. The effects of strategic orientations on technology-and market-based
breakthrough innovations. Journal of Marketing. 2005; 2: 42—60.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 33/35


https://doi.org/10.3390/en13020407
https://doi.org/10.3390/en13020407
https://doi.org/10.3390/su12103966
https://doi.org/10.3390/su12103966
https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

104.

105.

106.

107.

108.

109.

110.

111.

112,
113.
114.

115.

116.

117.

118.

119.

120.

121.
122,

123.

124,

125.

126.

127.

128.

129.

130.

131.

Pfeffer J., Salancik GR. The external control of organizations: a resource dependence perspective.
Stanford, CA: Stanford University Press; 1978.

Duysters GM, De Man AP. Transitory alliances: an instrument for surviving turbulent industries? R&D
Management. 2003; 33: 49-58.

Xia TJ, Roper S. From capability to connectivity-absorptive capacity and exploratory alliances in bio-
pharmaceutical firms: a US-Europe comparison. Technovation. 2008; 28: 776-785.

Yli-Renko H, Sapienza H, Hay M. The role of contractual governance flexibility in realizing the out-
comes of key customer relationships. Journal of Business Venturing. 2001; 16 (6): 529-555.

Ritala P, Hurmelinna-Laukkanen P. Incremental and radical innovation in coopetition-the role of
absorptive capacity and appropriability. J Prod Innovat Manag. 2013; 30: 154—-169.

Garcia R, Calantone R. A critical look at technological innovation typology and innovativeness termi-
nology: a literature review. Journal of Product Innovation Management. 2002; 19(2): 110-132.

Tushman M, Anderson P. Technological discontinuities and organizational environments. Administra-
tive Science Quarterly. 1986; 31(3): 439-465.

Lieberman MB, Montgomery DB. First-mover advantages. Strategic Management Journal. 1988; 9
(1): 41-58.

Cyert RM, March JG. A behavioral theory of the firm. Engle wood Cliffs: Prentice Hall; 1963.
March JG, Simon HA. Organizations. Oxford: Wiley; 1958.

Ocasio W. Towards an attention-based view of the firm. Strategic Management Journal. 1997; 8:
187-206.

Sullivan BN. Competition and beyond: problems and attention allocation in the organizational rulemak-
ing process. Organization Science. 2010; 21(2): 432—450.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research,
Conceptual, strategic, and statistic consideration. Journal of personality and social psychology. 1986;
51: 1173-1182. https://doi.org/10.1037//0022-3514.51.6.1173 PMID: 3806354

Muller D, Judd CM, Yzerbyt VY. When moderation is mediated and mediation is moderated. Journal of
Personality and Social Psychology. 2005; 89: 852—863. https://doi.org/10.1037/0022-3514.89.6.852
PMID: 16393020

Jaffe AB., Trajtenberg M. Patents, Citations and Innovations: a window on the knowledge economy.
Cambridge: MIT Press; 2002.

Gourieroux CA, Monfort T. Pseudo maximum likelihood methods: theory. Econometrica.1984; 3:
681-700.

Correia S, Guimaraes P, Zylkin T. PPML-HDFE: fast poisson estimation with high-dimensional fixed
effects. Economics. 2019; 1:1-12.

Walker R. Patents as scientific and technical literature. Lanham, MD: Scarecrow Press; 1995.

Scherer F., Ross D. Industrial market structure and economic performance. Boston, MA: Houghton
Mifflin; 1990.

Helfat CE. Know-how and asset complementarity and dynamic capability accumulation: the case of R
and D. Strateg Manag J. 1997; 5: 339-360.

Nieto MJ, Santamari“a L. The importance of diverse collaborative networks for the novelty of product
innovation. Technovation. 2007; 6: 367-377.

Glaeser EL, Kallal HD, Scheinkman JA, Shleifer A. Growth in cities. Journal of Political Economy.
1992; 100: 1126-1152.

Gao T. Regional industrial growth: evidence from Chinese industries. Regional Science and Urban
Economics. 2004; 34: 101-124.

Huergo E., Jaumandreu J. How does probability of innovation change with firm age? Small Business
Economics. 2004; 22: 193-207.

Yuan JG, Hou QS, Cheng C. Curse effect of corporate political resources: an investigation based on
political correlation and corporate technological innovation. Management World. 2015; 1: 139—155.
Chinese

Tobin J. A general equilibrium approach to monetary theory. Journal of Money, Credit and Banking.
1969; 1: 15-29.

Fan G., Wang XL., Zhu HP. Marketization index in China: the regional process report of 2018, Beijing:
Economic Science Press; 2018. Chinese

Ma LF, Wang LL, Zhang Q. Optimal sequence selection of mixed ownership. China Industrial Econ-
omy. 2015; 7: 5-20. Chinese.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 34/35


https://doi.org/10.1037//0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
https://doi.org/10.1037/0022-3514.89.6.852
http://www.ncbi.nlm.nih.gov/pubmed/16393020
https://doi.org/10.1371/journal.pone.0252669

PLOS ONE

RD internationalization

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

144.

145.

146.

147.

148.

Lhuillerys Plistere. R&D cooperation and failures in innovation projects: Empirical evidence from
Frenchcis data. Research Policy. 2009; 1: 45-57.

De Marchi V. Environmental innovation and R&D cooperation: empirical evidence from Spanish
manufacturing firms. Research Policy. 2012; 3: 614-623.

Singh H, Montgomery CA. Corporate acquisitions strategies and economic performance. Strat Manag
J. 1987; 84: 377-386.

Field LC, Mkrtchyan A. Cross-border M&As and innovative activity of acquiring and target firms. Jour-
nal of Financial Economics. 2017; 123: 488-511.

Lichtenberg F. Does foreign direct investment transfer technology across borders? Review of Eco-
nomics and Statistics. 2001; 83(3): 490—497.

Lin H, Lin ES. FDI, trade, and product innovation, theory and evidence. Southern Economic Journal.
2010; 77(2): 434-464.

Wang P. Analysis of the agency cost of chinese listed companies from the perspective of merger and
acquisition behavior. Journal of Financial Research. 2007; 4: 171-178.

Elango B, Pattnaik C. Learning before making the big leap acquisition strategies of emerging market
firm. Manag Int Rev. 2011; 51: 461-481.

Baum JAC, Oliver C. Institutional linkages and organizational mortality. Administrative Science Quar-
terly. 1991; 63: 187-218.

Hagedoorn J, Schakenraad J. The effect of strategic technology alliances on company performance.
Strategic Management Journal. 1994; 15(4): 291-309.

Hamel GP. Competition for competence and inter partner learning within international strategic alli-
ances. Strategic Management Journal. 1991; 12: 83—103.

Srivastava MK, Gnyawali DR. When do relational resources matter? Leveraging portfolio technological
resources for breakthrough innovation. Academy of Management Journal. 2011; 54 (4): 797-810.

Stock J, Yogo M. Testing for weak instruments in linear 1V regression: identification and inference for
econometric models. In Donald WK, James H, editors. Essays in honor of Thomas Rothenberg. Cam-
bridge: Cambridge University Press; 2005. P. 1-53.

Hymer SH. The international operations of national firms: a study of direct foreign investment. Cam-
bridge, MA: MIT Press; 1976.

Zhang J, Hoenig S, Di Benedetto A, Lancioni RA, Phatak A. What contributes to the enhanced use of
customer, competition and technology knowledge for product innovation performance? Ind Market
Manag. 2009; 38(2): 207—218.

Kothari T, Kotabe M, Murphy P. Rules of the game for emerging market multinational companies from
China and India. J Int Manag. 2013; 19(3): 276—299.

Peng MW. Global strategy. Cincinnati: South-Western Thomson; 2006.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252669 June 25, 2021 35/35


https://doi.org/10.1371/journal.pone.0252669

