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Abstract

:

High-quality innovation in cross-border business models is the focus of innovative development. However, some enterprises are blindly obsessed with focusing on the quantity of innovation, while they neglect the quality of innovation. As a result, the quantity of innovation in cross-border business models is not proportional to the quality, and cross-border business models need continuous improvement. High-quality innovation in cross-border business models is also related to outward foreign direct investment (OFDI) and knowledge absorptive capacity. The purpose of this study is to explore the relationship between OFDI and innovation quality in cross-border business models. This study proposes that knowledge absorptive capacity plays a mediating transmission role between OFDI and innovation quality. Based on panel data for 478 Chinese high-tech multinational enterprises in the period from 2014 to 2019, the paper uses moderated path analysis to construct a non-linear mediated transmission model of knowledge absorptive capacity in terms of the OFDI and innovation quality of high-tech enterprises. The results show that there is an inverted U-shaped relationship between OFDI and innovation quality. Knowledge absorptive capacity plays an inverted U-shaped mediating role in the transmission between OFDI and innovation quality. In a post hoc analysis, it was found that a low degree of OFDI has an inverted U-shaped relationship with innovation quality, and a high degree of OFDI negatively inhibits innovation quality. Therefore, Chinese high-tech enterprises operating cross-border must maintain an appropriate level of OFDI by improving the matching mechanism between OFDI and knowledge absorptive capacity, which is conducive to improving the innovation quality of multinational enterprises in host countries.
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1. Introduction


In 2017, the report of the 19th National Congress of the Communist Party of China pointed out that “innovation is the first driving force for development”. With the further development of innovation, Chinese enterprises have increased their outward foreign direct investment (OFDI), resulting in the development trend of large-scale “going out”. Thus, cross-border commerce has become the mainstream of development for the innovation era. According to the National Bureau of Statistics, by the end of 2018, China’s outward foreign direct investment (OFDI) increased significantly to $120.5 billion, which was up 8.9 percent year on year. However, the results of outward foreign direct investment (OFDI) by Chinese enterprises are not satisfactory. In recent years, the average income of Chinese enterprises from outward foreign direct investment has only been 3.3%, which is much lower than the 22% income spread of FDI in China in the same period. According to a 2013 report by PWC, the success rate of overseas mergers and acquisitions by Chinese enterprises was only 40%, which resulted in a huge waste of domestic resources. At present, Chinese enterprises are in the exploratory stage of transnational development in which the high-tech industry, with its contemporary cutting-edge knowledge and strong penetration into other industries, is the main carrier of innovation and development at this stage. However, except for a few fields, such as the quantum communications industry, there is still a large gap between most of China’s high technology industry and the professional level of developed countries. The Central Working Conference pointed out that the lack of innovation efficiency and quality in Chinese enterprises will lead to various problems of uncoordinated and unbalanced development. Therefore, high-quality innovation in cross-border business models will be the focus of future economic development.



However, during the development of cross-border business, some Chinese enterprises are blindly obsessed with expanding the scale of their enterprises and focusing on the quantity of innovation, while they neglect the quality of innovation [1], which creates a negative impression of Chinese enterprises, such as destructive investment, counterfeit and shoddy products, environmental damage, and copycatting (Voss, 2008) [2]. Thus, the strategic deployment of enterprises, with a focus on the rational allocation of innovation resources, is crucial to the high-quality development of Chinese OFDI. Currently, academic views on Chinese OFDI and innovation are mixed. Some scholars believe that China’s OFDI will suppress the level of domestic investment and reduce the level of domestic technological innovation while overseas investment will easily take up domestic innovation resources, reduce the ability to absorb and transform knowledge, and inhibit the improvement of innovation efficiency [3,4]. Other scholars hold the opposite view, that OFDI can produce an innovation spillover effect to improve technological levels and promote innovation performance while OFDI facilitates the stimulation of innovation consciousness and improves R&D levels for high-speed development (Jordan, 1998) [5]. The above view has certain limitations. In addition, some scholars believe that internal factors and external conditions will have an impact on the spillover effect of OFDI innovation in China, which must be analyzed comprehensively, and there may be a complex non-linear relationship. As China is still in the process of developing innovation, a parent company’s prediction of the situation in the host country may be biased at any time, and it is risky to blindly judge the advantages and disadvantages of OFDI and the innovation of Chinese enterprises. Therefore, the focus of high-quality development in cross-border business models is to identify the complex relationship between the OFDI and innovation quality of Chinese high-tech enterprises.



In addition to increasing innovation investment to improve success rate, Chinese enterprises must strengthen their knowledge absorptive capacity if they want to be protected from the challenges of the host market in international trade cooperation. Then, host country policies, cultures, markets, education, and resources will have a significant impact on business operations. Further, to improve the success rate of Chinese outward investment, knowledge absorptive capacity is of great significance to firms in distress (Lichtenthaler, 2011) [6]. Efficient absorption is an important process for improving resource utilization and enhancing innovation spillovers, and it is an effective way for multinational enterprises to strengthen their understanding of host country needs. Enhancing knowledge absorption requires firms to break through barriers, to identify, acquire, and integrate key information promptly in response to market developments (Nonaka, 2006) [7]. Thus, the improvement of innovation quality to a large extent depends on the ability of firms to effectively absorb and utilize innovation spillovers from host countries, and the roles of innovation inputs and knowledge absorptive capacity are not separate or opposed to each other for high-quality development. Knowledge management theory suggests that a firm’s absorptive capacity determines its developmental level and that a mismatch between resources and capacity leads to asymmetric information identification, resulting in different resource innovation effects and unnecessary costs and expenses (Bourgeois, 1981) [8]. Therefore, different levels of OFDI by Chinese high-tech enterprises may affect the knowledge absorptive capacity and innovation spillovers of multinational enterprises, and firms can enhance their knowledge absorptive capacity and further improve the quality of innovation through innovation strategies.



In the cross-border business model, is it better for Chinese high-tech enterprises to invest more or less in OFDI, and what level of investment can effectively promote high-quality cross-border development? What is the complex relationship between OFDI and innovation quality for Chinese enterprises? In the face of knowledge absorptive capacity, how can multinational enterprises develop investment strategies abroad that match their knowledge absorptive capacity and thereby enhance the quality of innovation? What role does knowledge absorptive capacity play in the relationship between OFDI and innovation quality in high-tech enterprises in China? To analyze these issues, we propose a relational model of innovation quality driven by OFDI through the non-linear mediated transmission of knowledge absorptive capacity in Chinese high-tech enterprises based on innovation management theory, quality management theory, resource base theory, and knowledge management theory. Further, exploring the development path of OFDI, knowledge absorptive capacity, and innovation quality of multinational enterprises is of great significance for the future development of the Chinese cross-border business model.




2. Theory and Hypotheses


2.1. Outward Foreign Direct Investment


	
The difference between the OFDI of developing and developed countries.






Currently, there are large differences in the investment behavior of firms in developing and developed countries (Bernard, 2009) [3]. For OFDI in developed countries, OFDI by developed country multinationals has two characteristics: First, it has proprietary assets and emphasizes the special assets that should be owned by multinationals (Hymer, 1970; Fan, 2018) [9,10]; compared to host country firms, multinational firms are unfamiliar with local policies, cultures, and economic environments, and to gain a competitive advantage, they must have proprietary assets in terms of innovation, costs, personnel, and marketing to compensate for competitive disadvantages (Voss, 2008) [2]. Second, multinational firms require internalization models, to gain more efficient coordination within developed country firms so that their multinational subsidiaries and parent companies are under the same governance structure (Caves, 1971; Bailey, 2017) [11,12]. Rugman (2007) argues that mature multinational enterprises have internal trading systems that compensate for external market failures or gaps and that internalization models do not allow firms to avoid the host market but to move the boundaries between firms and the market through agreements instead of market transactions [13]. Both proprietary assets and internalization models facilitate the allocation of resources to investment behavior by developed country firms (Asumadu, 2020) [14]. Concerning OFDI in developing countries, developing country multinational enterprises are smaller and less mature than their developed counterparts (Desbordes, 2017; Isaksson, 2018) [15,16]. Thus, there is controversy in academic circles about the development of multinational enterprises in developing countries, and some scholars believe that proprietary assets and internalization models are not suitable for developing country enterprises, that developing country enterprises started late and have greater growth potential, and that they must find new development concepts according to their peculiarities (Juran, 1992) [17]. Another group of scholars has argued that the requirements of multinational enterprises were essentially the same and that developing countries could continue to operate in the mainstream. In developing countries, small multinational enterprises are more flexible because of their smaller scales and simpler technology, so they easily obtain recognition and acceptance in the host market (Dhahri, 2020) [18]. In developed countries, because of the large difference between the higher technological levels and local development, it is difficult to realize localization transformation and low environmental adaptability (Wells, 1983; Sarkodie, 2019) [19,20], and it is easy to increase the operating difficulty of multinational enterprises. Wiklund (2008) argues that developing country firms have an advantage over developed country firms for OFDI because developing country parent companies have adapted to imperfect policy regimes and are better able to deal with the constraints of opaque rules in host countries [21].



	2.

	
The analysis of Chinese enterprises’ OFDI.







With the further promotion of innovation development, as the largest developing country, China has seen a year-on-year increase in outward foreign direct investment, which is bound to attract global attention (Fan, 2018, Isaksson, 2018) [10,16]. Currently, academics mainly analyze China’s OFDI from macro and micro perspectives. From the macro perspective, Rugman and Li (2007) and Deng (2009) analyze the motives of OFDI mainly in terms of Chinese OFDI motives, and they note that OFDI motives are conducive to a mutual win-win situation between China and host countries and will accelerate globalization [13,22]. Wang (2008) focuses on the economic and institutional support behind the development of OFDI in China and finds that the ability to obtain funds in imperfect capital markets at interest rates below market equilibrium can be a facilitating factor for OFDI [23]. Many other scholars have analyzed the factors that influence the location of OFDI in China (Zhang, 2016; Liu, 2019) [24,25]. From a micro perspective, Cheng (2010) analyzes the success and failure factors and success or failure rates of Chinese enterprises’ overseas acquisitions using data from cases of Chinese enterprises’ overseas acquisitions in the process of “going out” [26]. Wang (2012) analyzes the factors influencing the OFDI of Chinese enterprises during 2006–2007 using the Database of Chinese Industrial Enterprises [4]. Other scholars have examined the degree of influence of firms’ foreign direct investment decisions in terms of internalized advantages and proprietary assets (Thomas, 2020; Bezuidenhout, 2018) [27,28]. It has been shown that firms with higher innovation efficiency have higher internalization advantages and proprietary assets, with innovation efficiency representing inputs and outputs, internalization advantages indicating higher internal governance efficiency than the market level, and proprietary asset advantages being monopoly assets acquired by the product in the market (Wang, 2012; Lichtenthaler, 2011; Sarkodie, 2019) [4,6,20]. Therefore, to further analyze the influence of internalization advantages and proprietary assets on the path of high-quality OFDI development of Chinese enterprises, we focus on high technology industries that are permeable to other industries based on the List of Enterprises (Institutions) with Foreign Investment. This paper conducts a comprehensive analysis of the factors influencing the high-quality development of OFDI, taking the theory of multinational enterprises, the theory of OFDI in developing countries, and Chinese innovation development as the background. Among the internalized advantages, we select knowledge absorptive capacity, firm size, overseas R&D breadth, and overseas R&D depth, which have a greater impact on the sustainable development of high-tech enterprises. Among the proprietary assets, we select for analysis, OFDI and firm performance.




2.2. Innovation Quality of High-Tech Enterprises


With the further promotion of Chinese companies’ transnational operations, some companies ignore their responsibilities and obligations and pursue price wars, scale, and low costs to solidify the low-end, cheap image of Chinese brands and the concept of made-in-China in the minds of foreign consumers. Meanwhile, some oil and mining companies have been wound up in Mexico, Indonesia, and Mongolia for damaging the local environment (Bloom, 2007) [29]. Therefore, the quality of innovation is crucial for a mutually beneficial and cooperative development path for both multinational enterprises and host countries. High-tech industries are characterized by high knowledge, high innovation, and strong penetration to other industries, and they are the leading industries for the high-quality development of Chinese enterprises. Currently, the academic research on innovation quality in high-tech enterprises focuses on the concept and its link to innovation performance. Innovation quality is an important concept in the field of quality management and innovation management, which has evolved from “quality management” to “innovative quality”. In the beginning, the basis of quality management was only to ensure whether the product quality met specifications, and it gradually added process and customer perspectives to form total quality management with multiple quality standards (Manova, 2008; Li, 2016) [30,31]. Quality management was later defined from the perspective of innovation management. Haner was the first to introduce the concept of innovation quality, which he defined as the integrated innovation performance in the three areas of product and service quality, actual process quality, and high-level business quality (Haner, 2002) [1]. Innovation quality is based on continuous improvement based on quality innovation, which is quality improvement and performance enhancement under existing boundary conditions. while innovation quality is a systematic process with dynamic characteristics, it is the sum of innovation performance in all areas of the firm (Deng, 2010) [22]. From an industrial perspective, Nocke (2007) proposes that the quality of innovation is essentially a synergistic development within and outside the industry, emphasizing industrial adaptability and an organization’s comprehensive enhancement of innovation within each domain [32]. In this paper, we hold that innovation quality is to ensure the quality development of design, manufacturing, sales, service, and other links, as well as the comprehensive innovation performance of enterprises.



The research on the correlation between innovation quality and innovation performance mainly focuses on the differences and connections between them. In terms of distinction, innovation performance emphasizes the profitability of enterprises (Chesbrough, 2006) [33], which is usually expressed in terms of new technology profitability, market share, and revenue from new product sales. However, the constant emphasis on innovation performance can have a negative impact, and, by the end of 2018, the number of investment dispute arbitration cases against host countries worldwide reached 942, an increase of 60.47% year-on-year, mostly due to significant environmental damage, disruptive investments, and social risks resulting from companies’ pursuit of economic efficiency (Wells, 1983; Liu, 2019; Cheng, 2010) [19,25,26]. However, the quality of innovation emphasizes a firm’s comprehensive capabilities, including operations, services, profitability, and innovation, as a means of achieving breakthroughs in each area (Conconi, 2016) [34]. Improving the quality of innovation can effectively protect the legitimate rights and interests of Chinese enterprises “going out” and effectively reduce the probability of China’s investment disputes in neighboring countries (Daniel, 2004; West, 2006) [35,36]. Many scholars use the ratio of patents to patent applications to measure the quality of innovation because the patent grant rate can better reflect the operation, management, profitability, and innovation capabilities of enterprises (Hsu, 2015) [37]. In terms of the correlation between them, innovation performance is the basis of innovation quality and plays an important role in promoting changes in innovation quality. Innovation performance change is the premise and preparation for innovation quality change, and innovation quality change is the inevitable result of innovation performance change, which influences each other. Chesbrough (2006) found that low innovation performance decreases trust and business strength and inhibits high-quality development, and innovation performance can provide resource security for high-quality development and increase risk exploration capital [33].




2.3. OFDI and Innovation Quality of Chinese High-Tech Enterprises


The innovation driver for Chinese OFDI comes from two sources: the number of resource reserves and the awareness and motivation to innovate. An innovation strategy will not be implemented when a company’s resources are not aligned with its innovation goals and it is not aware of the need for innovation [37,38,39,40]. With the further advancement of the Belt and Road Initiative, the trend of Chinese enterprises in “going out” has become increasingly strong while investment in countries along the route has increased gradually. Innovation management theory argues that investment behavior increases profit opportunities and contributes to the implementation of quality development strategies (Hymer, 1970) [9]. On the one hand, investment is mainly the use of liquid cash and assets to invest in the host country to obtain profits, reflecting the existing resources and innovation capacity of enterprises. The considerable amount of investment in such cases can enhance the host country’s trust in Chinese enterprises to invest, give corresponding support in terms of policy and environment, attract local talent to join, enhance the adaptability of the enterprise environment, reduce investment disputes, and drive the improvement of innovation quality (Pradhan, 2011; Zahra, 2002) [41,42]. On the other hand, there are still imperfections in the Chinese market system compared to those of developed countries. Thus, Chinese enterprises have adapted to the imperfect market system and have a clear advantage in dealing with the opaque policies of host countries and adapting to the development policies of host country markets, and managers have a higher ability to cope with market prediction and identify potential innovation opportunities (Hsu, 2015) [37]. At the same time, the technology gap between Chinese high-tech enterprises and countries along the “Belt and Road” is not very wide, which makes it easy for them to integrate into the host market and enhance the efficiency of technology transfer and promote high-quality development (Zahra, 2002) [41]. Outward foreign direct investment by Chinese enterprises requires the establishment of relevant R&D and production institutions in the host country to carry out investment matching work, which will inevitably integrate the relevant culture and technology of the host country, resulting in an innovation spillover effect and making it easier for enterprises to enhance their independent innovation capacity by combining the technological advantages of the host country.



However, as China’s high-tech enterprises are pushing forward with OFDI, some scholars say that it is risky for companies to devote resources to unknown projects on a large scale. With the increasing amount of investment, the implementation of localization strategies of multinational enterprises is more mature. The outward investment behavior of enterprises cannot avoid the possible competitive risks, such as imitation by external competitors and independent portals for internal personnel, which may generate risks, such as disclosure of innovative content, thus inhibiting the good development trend of enterprises and generating an innovation crisis (Harford, 1999) [43]. At the same time, over-investment by high-tech enterprises overseas can also lead to weakened innovation opportunities for the parent company. As the international situation is volatile and the host country’s environment can change at any time, over-investment by high-tech enterprises overseas can reduce overall market sensitivity and vigilance (Nohria, 1996) [44]. Blind investment by multinational enterprises can also increase information asymmetries with host countries due to cultural, religious, and customary differences, weakening innovation and motivation. Although OFDI will increase the venture capital of enterprises, when multinational enterprises engage in high investment behavior, large-scale capital outflows from abroad can force enterprises to be in a high-pressure environment, and their risk-taking increases. Deangelo (2011) argues that blind investment by enterprises can weaken trust in the network of external relationships while strengthening creditor discipline and oversight, weakening incentives to innovate, and reducing managers room to innovate on their own [38]. A high level of investment tends to force enterprises to have complex financing relationships with suppliers and managers in the external market. Complex relationship networks tend to interfere with managerial decisions and weaken the perception of the host country’s local business philosophy, which will enhance cross-cultural, cross-ethnic, and cross-values communication barriers between the two parties. Meanwhile, complex relationship networks tend to weaken the firm’s ability to identify external innovation opportunities, further resulting in lower resource utilization and a significant reduction in innovation efficiency and quality (Liu,2011) [45]. Therefore, this paper posits the following hypothesis:



Hypothesis 1 (H1).

There is an inverted U-shaped relationship between OFDI and the innovation quality of Chinese high-tech enterprises. A low degree of OFDI will promote innovation qual-ity, while a high degree of OFDI will inhibit innovation quality, and there is an optimal balance point.






2.4. OFDI, Knowledge Absorptive Capacity and Innovation Quality


	
OFDI and knowledge absorptive capacity






Knowledge absorptive capacity is an important part of knowledge management theory (Smith, 2005) [46]. Cohen and Levinthal indicate that knowledge absorptive capacity, which is an enterprise’s ability to acquire, learn and imitate external knowledge and technology, is central to innovation management [47]. Knowledge absorptive capacity should match enterprise resource storage and strategic development, and enterprises must improve their absorptive capacity phase-by-phase to improve the quality of innovation (Lichtenthaler, 2011; Scott, 2003) [6,48]. The sustainable development of enterprises is inseparable from the knowledge absorptive capacity. Due to the differences between the host country’s market policy and the Chinese market, there are potential differences in technological levels. Against this background, managers must effectively identify, learn, digest and deploy based on their innovative strength, combined with host country market characteristics and development trends, to improve capital conversion and utilization and promote high-quality development. Heterogeneous knowledge resources in the host country have innovation spillover effects on the development of multinational enterprises, and available liquidity can facilitate the search for and identification of new knowledge. This can increase the training of skilled employees, promote the implementation of localization strategies, and help stimulate internal R&D motivation, thereby enhancing overall absorptive capacity (Romer, 1990; Park, 2008) [49,50]. Working capital can improve the culture of multinational firms and support the development of innovative activities, which can increase the knowledge base and development of enterprises, and improve the efficiency of knowledge absorption (Thomas, 2020; Amore, 2013) [27,51]. OFDI by multinational enterprises can enhance managers’ willingness to innovate and engage in risk-taking and risk-exploring capital, which can facilitate enterprises to be fully acquainted with the host country’s policies, culture, technology, and other aspects. OFDI can help enterprises to actively formulate innovation strategies while the enterprises can identify and interpret information more effectively, which is conducive to the enhancement of knowledge absorptive capacity.



At the beginning of the investment period, multinational enterprises’ positioning in the host market is vague, and the amount of investment is relatively limited. To strengthen their market position and enhance the recognition and acceptance of the host government, enterprises will develop a sense of innovation and motivation to be more sensitive and insightful in identifying external innovation opportunities (Zhang, 2013) [52]. Enterprises will increase the urgency of innovation, supply capital efficiently, and improve resource efficiency, and they can use the host country’s development channels to overcome technical difficulties, narrow the differences between the two sides and increase the success rate of investment. At the low degree of investment stage, where external disruptions and risks are relatively high, enterprises gradually increase their absorptive capacity to ensure internal and external information symmetry between themselves and the host country to ensure the basic operations and returns of the multinational. The low investment activity indicates that companies will strengthen their infrastructure, improve capital utilization, and enable organizations to efficiently absorb diverse information. As multinational investment continues to advance, the perception of market ambiguity in the host country decreases while external market disruptions decrease, thus increasing the accuracy of strategic positioning of multinational enterprises. Meanwhile, corporate capital flows can be efficiently self-replenishing and allocated to innovative activities, implementing a talent localization strategy to ensure absorption efficiency (Foster, 2012) and reduce resource depletion [53]. When multinational enterprises invest excessively, higher cash flows can provide a financial cushion and support to cope with shocks in the host country’s external environment. However, a good development posture can interfere with managers’ decisions (James, 2005) [54]. Innovative strategies will also be weakened, and sensitivity to the external environment will be reduced. A low degree of investment will be made in the recruitment and training of locally skilled employees and the development of innovative activities. The knowledge gap between the two sides will increase, and the host government will easily question and reject the improper management of Chinese enterprises, resulting in reduced absorptive capacity (Zhong, 2015) [55]. Excessive liquidity can cause companies to ignore operational risks, reduce sensitivity and insight into the market environment and competitors, which can lead to blind innovation and increased losses (Ren, 2010) [56]. Enterprises also generate disruptive investments, increasing the risk of weakened knowledge absorptive capacity, and reducing the host government’s trust in Chinese enterprise investment. Based on the above analysis, the paper proposes the following hypothesis.



Hypothesis 2 (H2).

There is an inverted U-shaped relationship between OFDI and the knowledge absorptive capacity of Chinese high-tech enterprises. A low degree of OFDI will promote the knowledge absorptive capacity, while a high degree of OFDI will inhibit the knowledge absorptive capacity, and there is an optimal balance point.





	2.

	
The non-linear mediating effect of knowledge absorptive capacity







Knowledge absorptive capacity has a greater impact on the improvement of OFDI and the innovation quality of Chinese high-tech enterprises. The use of working capital by high-tech enterprises for investment and cooperation with host countries in research and development can help enterprises absorb technology and talent, further generating knowledge spillovers, thus compensating for the development disadvantages of both sides and promoting joint development, which has important implications for the creation and application of new knowledge and technology (Smith, 2005; Hansen, 2000) [46,57]. Circulating capital can support the operation of the business absorption process. Knowledge absorptive capacity is conducive to improving the efficiency of capital development and utilization, effectively reducing costs and consumption, matching external market information with firm information, helping enterprises gain stakeholder recognition and support, and improving the longevity and stability of innovation strategies. The improvement of innovation quality of high-tech enterprises depends on the attention of managers to knowledge absorption ability and whether to adopt the corresponding development mode of foreign investment. Cohen (2002) found that the failure of high-quality development is due to the failure of managers to reasonably match absorptive capacity according to the enterprise’s resource reserves and market development characteristics, resulting in information asymmetry, which leads to a large difference between actual capacity and innovative capacity [58]. Knowledge absorptive capacity provides rich information channels for high-quality development, promotes internal and external knowledge flow, and is conducive to managers’ deployment of working capital and exploratory innovation (Hall, 2015) [59]. Based on this, this paper argues that there is a non-linear mediating mechanism between OFDI and innovation quality in Chinese high-tech firms.



As multinational enterprises continue to grow, the unconstrained and easily deployable nature of liquidity will promote autonomous innovation and reduce dependence on external markets, organizational learning and imitation will enhance absorptive capacity, and high absorptive capacity will be more conducive to exploratory innovation and quality development [55,56,57,58,59,60]. High knowledge absorption can effectively reduce irrational optimistic decision-making by managers, enhance sensitivity to the external environment, and promote innovative development (Redding, 2004) [61]. Enterprises with low levels of investment behavior have a smooth knowledge absorption capacity because they have less ability to raise capital and take on less stress, and they will focus on the management required for basic operations. Under low investment behavior, corporate assets are more dedicated, and managers can maintain insight and sensitivity with limited liquidity and a network of financing relationships (Yoo, 2010; Teece, 2018) [62,63]. Enterprises can use these funds to establish a good relationship of supply and demand and cooperation and trust between multinational enterprises and host governments to reduce the knowledge gap between the two sides, to improve their business operations, to enhance their ability to absorb and apply knowledge, and to promote high-quality development. As investment behavior advances, higher levels of investment can unbalance a firm’s financial leverage, weaken its knowledge absorption capacity, and inhibit its innovation capability. At present, the development of China’s high-tech industry is beginning to take shape, and the operating risks of companies with a large number of financing relationships will be greater (Edwards, 2007) [64]. Multinational enterprises with high investment behavior have a complex network of relationships with host countries, and excessive implementation of localization strategies may lead to negative impacts, such as a crisis of trust. For example, India has refused to accept large-scale investments from telecommunications companies, such as China’s Huawei and ZTE, because large-scale foreign investments would leak state secrets [6,17,28]. Such high investment behavior leads to an increase in knowledge ambiguity and complexity and a decrease in absorption efficiency due to environmental compounding and heterogeneity. In addition, over-investment may lead to an imbalance in the distribution of resources and funds between the parent company and its overseas subsidiaries, thus affecting the subjective consciousness of employees and making them prone to inertia or negative psychology, which is not conducive to the development of innovative activities, further weakening learning and absorption capabilities, and generating investment disputes and social risks. Based on the above analysis, the paper proposes the following hypothesis.



Hypothesis 3 (H3).

Knowledge absorptive capacity has a mediating effect in the relationship between OFDI and innovation quality of Chinese high-tech enterprises. OFDI influences knowledge absorptive capacity and innovation quality through an inverted U-shaped curve effect, contributing to an inverted U-shaped relationship between OFDI and innovation quality.





Based on the above analysis, this paper builds a research model for innovation quality improvement driven by outward foreign direct investment in Chinese high-tech enterprises, as shown in Figure 1.





3. Data and Methods


3.1. Sample


In recent years, Chinese high-technology enterprises have increased their investments in neighboring developing countries. Against the background of the development of Chinese OFDI, we focus mainly on the quality of innovation of Chinese multinational enterprises in neighboring countries. These neighboring countries are mainly divided into six regions: South-East Asia, South Asia, Central Asia, West Asia, and North Africa (the Middle East), Central and Eastern Europe, and Mongolia and Russia, with a total of 64 countries. Due to certain differences in resources, environment, culture, science and technology, education, and economic development among the participating countries, the proportion of direct investment by China’s high-tech enterprises in neighboring countries varies. Chinese enterprises’ investment in Southeast Asia is mainly concentrated in the fields of electricity, minerals, and medical care, while their investment in Central Asia is mainly concentrated in the fields of electronics and communications, and chemicals. Chinese enterprises’ investments in South Asia, West Asia, and North Africa (Middle East) mainly focus on machinery manufacturing, energy exploration, and infrastructure construction. In Central and Eastern Europe, it mainly focuses on electronic communications, electrical appliances, and automobiles. In Mongolia and Russia investment mainly focuses on mineral development, construction, and building materials.



To ensure the validity of the innovation data, the data in this paper are based on the List of Enterprises (Institutions) Investing Abroad provided by the Ministry of Commerce of China and the Statistical Bulletin of China’s Outward Foreign Direct Investment. The List of Enterprises (Institutions) Investing Abroad can be used to indicate which Chinese enterprises are making outbound investments, but only in existing outbound investment projects, excluding projects in which investments were made but have been terminated. The Statistical Bulletin of China’s Outward Foreign Direct Investment is currently the most authoritative source of data on China’s outward foreign direct investment, covering the overall outward foreign direct investment of enterprises, and it can be used to verify the accuracy of the List of Enterprises (Institutions) Investing Abroad. According to the 2002 OECD standards of China’s National Bureau of Statistics, the high-tech industry (manufacturing) sector can be divided into six major industries including pharmaceutical manufacturing, aerospace, electronics and communication equipment, medical equipment and instrumentation manufacturing, computer and office equipment, and information chemicals. Using the OECD high-tech industry standards, we first matched, merged, and screened a total of 876 high-tech enterprises from 64 countries from the List of Enterprises (Institutions) Investing Abroad and the Statistical Bulletin of China’s Outward Foreign Direct Investment.



Since the Statistical Bulletin of China’s Outward Foreign Direct Investment (OFDI) provides only aggregated data at the national level and the industry level, and the data are not broken down to the enterprise level, it is not suitable for conducting a firm-level study of Chinese OFDI. Thus, we needed to sort out the details of OFDI behavior based on the 876 high-technology enterprise codes and then to remove the missing data and duplicate names from the WIND database and the Jiangsu Intellectual Property Think Tank Alliance. Since the Chinese government proposed the Belt and Road Initiative in 2013, cross-border business models became prevalent, to ensure the relevance of OFDI by Chinese enterprises in the context of the Belt and Road, we selected the data of high-tech enterprises from 2014 to 2019. The data of 478 high-tech multinational enterprises met the sample requirements and the actual final sample involved 3346 observations. In the end, we excluded some outliers, leaving a total of 2868 observations.




3.2. Variables and Definitions


Based on the relevant research of domestic and foreign scholars, OFDI, knowledge absorptive capacity, and innovation quality are defined as follows.



OFDI. Outward foreign direct investment by multinational enterprises is a way to combine the upstream resources of the enterprises with those resources of the downstream host country to maximize benefits (Bernard, 2009) [3]. Therefore, we follow the relevant study of Deng (2010) to quantitatively measure the intensity of the firm’s OFDI in terms of the ratio of its OFDI to GDP over the same period [22].



Innovation Quality. Innovation quality is based on the concept of the total quality of products, services, processes, and operations. Liu (2019) uses the patent grant rate (the ratio of inventions to patent applications) to measure the quality of innovation [25]. The patent-granting rate reflects the enterprise’s innovation ability, which indirectly reflects the operation and cooperation ability, management ability of various departments of the organization, and the ability to deal with changes in the host country’s market, which is the embodiment of comprehensive ability. A higher patent grant rate indicates a higher quality of innovation; hence, we use the patent grant rate to measure the innovation quality of high-technology enterprises operating across borders.



Knowledge absorptive capacity. Smith (2005) showed that knowledge absorptive capacity reflects firms’ innovative attitudes and behaviors towards knowledge sources [46]. Cohen and Levinthal (1990) have argued that knowledge absorptive capacity is the ability of a firm to learn and imitate new knowledge technologies, and it can also be expressed in terms of the R&D expenditures used to treat knowledge absorptive behavior [47]. Therefore, we use R&D intensity to express absorptive capacity, specifically taking the ratio of R&D expenditure to net assets.



Control variables. Based on the host government’s potential challenge and rejection of multinational enterprise development, we select firm size, firm age, firm performance, operational efficiency, and industry growth rate to monitor the development strength of multinational enterprises. Environmental instability, overseas R&D breadth, and overseas R&D depth are also used as influencing factors to indicate the innovation diffusion behavior of the parent company’s innovation R&D investment in its subsidiaries.



Firm size. Organizational theory emphasizes that the size of the firm affects the organization’s ability to withstand the external environment and its strategic attitude towards innovation with redundant resources, which indirectly reflects the comprehensive ability of the enterprise. Numerous studies have confirmed the correlation between firm size and resource innovation; thus, we measure firm size using the natural logarithm of total assets at the end of each year.



Firm age. The age of the company reflects the viability of entering the industry, which will have a great impact on the accumulation of resources and the ability to absorb knowledge as well as the trust of the host country. The age of the enterprise also has an impact on resilience to external risks, which is usually measured by the number of days from the date of establishment to the end of each year (December 31); thus, we take the natural logarithm of the age of the enterprise on this basis.



Firm performance. Firms tend to accumulate capital when they are performing well and consume it when they experience troughs in performance. We consider that high and low performance affects capital accumulation, host country recognition, and acceptance, and that firms have different attitudes towards resource allocation, such as conservative and exploratory, depending on performance, which indirectly affects their development progress. Therefore, we use the net interest rate on total assets to measure firm performance.



Operational Efficiency. An enterprise’s liquidity and operational performance will affect the accumulation of capital and its ability to defend itself against risks, and it will not be able to maintain basic operations in poor condition. Knowledge management theory suggests that the efficiency of knowledge uptake is related to the operational status of the firm; therefore, we use the annual total asset turnover rate to measure operational efficiency.



Industry growth rate. The market structure, demand, and development of the host country are different from that of the home country. Meanwhile, there are differences in the growth of the industries to which enterprises belong. Different growth rates will have an impact on overall enterprise development, strategic planning, innovation efficiency, and resource utilization. We measure the growth rate relative to the beginning of the year using the sum of the year-end assets of all listed companies in our industry.



Environmental instability. The speed and differentiation of the environment can cause changes within the company. Host country culture, religion, policy, and other factors will have an impact on the development of multinational enterprises, the stability and maturity of the market determine the success of corporate strategy and innovation. We use the variance measure of the firm’s ROA (return on assets = net profit after tax/total assets) for the first three years based on existing research.



Overseas R&D depth. Overseas R&D depth is the proportion of R&D investment carried out by multinational enterprises in neighboring countries to all multinational investment, and higher R&D investment can enhance the recognition of host countries. Therefore, drawing on the research of Hsu (2015) [37], we measured the number of a firm’s foreign R&D subsidiaries by dividing the total number of foreign subsidiaries in a given year.



Overseas R&D breadth. Firms invest in R&D in different host countries to access different sources of knowledge, which manifests itself in geographic dispersion; the wider the coverage, the more diverse the knowledge that can be searched, identified, and absorbed. By adding new elements to a company’s knowledge set, the company increases the likelihood that it will discover new value ideas. Therefore, we draw on Redding et al.’s research to measure overseas R&D breadth using the number of countries or regions in which a firm invests in overseas R&D subsidiaries [52].



In summary, the definitions of the variables as summarized in this paper, are shown in Table 1.




3.3. Methods


To test the relationship between OFDI, knowledge absorptive capacity, and innovation quality of high-technology multinational enterprises, we used Edward and Lambert’s (2007) moderated path analysis to test the hypothesis [64]. Edward and Lambert’s (2007) moderated path analysis is a full-effects regulatory model that provides a complete analysis of the regulatory effects on all possible paths in an intermediary model. The model allows a clear analysis of the moderating effects between the independent variable X and the mediating variable M, the regulating effect between the mediating variable M and the dependent variable Y, and the regulating effect between the direct effects X and Y. Ultimately, it can reveal the specific path of the moderating effect occurring on the mediation effect model path between the independent variable X and the dependent variable Y. Specifically, the moderated path analysis consists of two major equations.


  Y =  α 1  +  α 2  X +  α 3  M +  α 4  Z +  α 5  X Z +  α 6  M Z +  e Y  +  ε Y   



(1)






  M =  β 1  +  β 2  X +  β 3  Z +  β 4  X Z +  e M  +  ε M   



(2)




where X is the independent variable OFDI, Y is the dependent variable innovation quality, M is the mediating variable knowledge absorptive capacity, Z is the moderating variable, e denotes the random error term, and ε denotes the random perturbation term. Edward and Lambert (2007) proposed that nonlinear relationships can be regarded as a special case of regulation to solve the verification of nonlinear relations. The role of the independent variable depends on the level of the independent variable itself, which can be verified by replacing Z with X in the equation, where X and Z are the same variables, implying that XZ is the quadratic term of OFDI. MZ is the interaction term between knowledge absorptive capacity and OFDI. In combination with the characteristics of panel data, Equations (1) and (2) are set as follows.


   Y  i , t   =  η 1  +  η 2   X  i , t   +  η 3   X  i , t     2  +  η 4   M  i , t   +  η 5   M  i , t    X  i , t   +  η 6  c o n t r o  l  i , t   +  e Y     i , t   +  ε   Y  i , t      



(3)






   M  i , t   =  λ 1  +  λ 2   X  i , t   +  λ 3   X  i , t     2  +  λ 4  c o n t r o  l  i , t   +  e M     i , t   +  ε   M  i , t      



(4)




where i represented the enterprise and t represents the year. X is the independent variable OFDI, Y is the dependent variable innovation quality (IQ), M is the mediating variable knowledge absorptive capacity (KA). The control variables include firm size (Size), firm age (Age), firm performance (FP), operational efficiency (OE), industry growth rate (Growth), environmental instability (EI), overseas R&D depth (ORDD), overseas R&D breadth (ORDB). Equation (3) allows the total effect between the dependent and independent variables, the independent variable squared, the mediating variable, and the interaction term between the independent and mediating variable to be tested separately. We tested the non-linear relationship between OFDI and innovation quality and the mediating transmission of knowledge absorptive capacity between them through Equation (3). Equation (4) tests the non-linear relationship between OFDI and knowledge absorption capacity.





4. Results


4.1. Measure Validation and Descriptive Statistics


We conducted the empirical analysis using the software Stata 14.0, and Table 2 presents the descriptive statistics of the regression variables, with outliers removed from the sample.



Before analyzing the relationships between the variables, we tested the correlations between the variables. The results are shown in Table 3. From the correlation coefficient matrix in Table 3, the results of correlation of variables, the correlations between OFDI, knowledge absorptive capacity, and innovation quality were significant while there was a difference in the significant correlations between the control variables and the explained variables. The correlation coefficients were all less than the threshold of 0.7. We performed a multicollinearity test on the variables using the variance inflation factor (VIF); the results are shown in Table 3. Max {VIF1, VIF2…} = 5.76 < 10, indicating that there is no multicollinearity in the variables and the baseline regression can be carried out. To ensure the accuracy of the analysis, we centered the data of each variable to avoid multicollinearity. The results of the Hausman test enabled rejection of the original hypothesis of a random effects model; thus, we used a fixed effects model for the measurement analysis.




4.2. Inter-Group Heteroscedasticity, Autocorrelation, and Simultaneous Correlation Tests


Since the data of 478 multinational enterprises used in the construction of the model comprise panel data, which are different from cross-sectional data and time-series data, a panel estimation strategy was needed. Therefore, this study focused on fixed effects, random effects, inter-group heteroscedasticity, autocorrelation, or inter-group simultaneous correlation, which may affect the accuracy of parameter estimation. First, we used the Hausman test method to test whether a random or fixed effect model applied; the results enabled the original hypothesis to be rejected, so the fixed effect model was adopted. Then, we used the White test to examine the heteroscedasticity issue. Table 4 shows that the chi-square test statistic was 790.75, and the p-value was 0, strongly rejecting the original assumption of the same variance, thus, the measurement model of this study has heteroscedasticity.



In addition, we used the Wald test in the comprehensive GLS model to test autocorrelation. The results in Table 5 show that, regardless of whether the control time and individual effect were controlled, the intra-group autocorrelation test results enabled rejection of the null hypothesis that there was no first-order intra-group autocorrelation, and that there was intra-group autocorrelation.



Furthermore, we used the Breusch–Pagan LM method to test the correlation. The results are shown in Table 6. The p-value of the Breusch–Pagan LM test was 0.0189, indicating that the original hypothesis could be rejected and that there was a simultaneous correlation.



The heteroscedasticity and autocorrelation test results of the above panel data showed that heteroscedasticity, simultaneous correlation, and intra-group autocorrelation existed simultaneously. When there are heteroscedasticity and simultaneous correlation in the model and the OLS results are still consistent, the panel correction standard error model analysis (PCSE) can be used. The autocorrelation problem will have a greater impact on the results of the estimated parameters. Based on existing research, we used the AR model and PAAR model in generalized least squares (FGLS) to solve the autocorrelation problem of panel data. Finally, whether an AR or PAAR model is selected depends on the results of comprehensive FGLS. The comprehensive generalized least squares (FGLS) method can comprehensively address the three factors of heteroscedasticity, autocorrelation, and simultaneous correlation. The principle of FGLS estimation is to conduct OLS estimation first, and then use residuals to estimate the covariance matrix, to conduct iterative FGLS estimation until convergence. Therefore, based on the OLS model, we selected the FGLS model (AR and PSA) with the same autoregressive coefficient and different autoregressive coefficients, the PCSE model with panel correction standard error estimation, and the comprehensive FGLS model for regression estimation.




4.3. Hypotheses Tests


To solve the problems of heteroscedasticity, autocorrelation, and synchronization, the benchmark regression was tested by OLS, AR, PSAR, PCSE, and FGLS models, respectively, as shown in Table 7 and Table 8.



Table 7 shows the regression results for OFDI, knowledge absorptive capacity, and innovation quality. In these five models, control variables, foreign direct investment, foreign direct investment square, and their interaction were included. The results of OLS, AR, PSAR, PCSE, and FGLS models show that OFDI was significantly negatively related to innovation quality; and the squared term of OFDI was significantly negatively related to innovation quality, and Hypothesis H1 is valid. The results showed an inverted U-shaped curvilinear relationship between OFDI and innovation quality in high technology enterprises. The results also imply that lower levels of OFDI promote innovation quality improvement, and when the level of investment is higher, greater OFDI inhibits innovation quality improvement, as shown in Figure 2. However, in these five models, only the adjusted R-square in the comprehensive FGLS model was better, and the coefficients were more pronounced than other models. Therefore, we chose the FGLS model to solve the heteroscedasticity, autocorrelation, and simultaneous correlation problems.



Table 8 is mainly used to test the mediating effect of knowledge absorptive capacity. The squared terms of OFDI and OFDI were added to OLS, AR, PSAR, PCSE, and FGLS models, respectively. The results showed that OFDI was significantly negatively related to knowledge absorptive capacity, and the squared term of OFDI was significantly negatively related to knowledge absorptive capacity. The results indicate an inverted U-shaped relationship between OFDI and the absorptive capacity of high-tech enterprises, and Hypothesis H2 is verified. The results also imply that a lower OFDI promotes knowledge absorptive capacity, and when the level of investment reaches a certain level, a greater degree of OFDI inhibits knowledge absorptive capacity, as shown in Figure 3. Meanwhile, in these five models, only the adjusted R-square in the comprehensive FGLS model was better, and the coefficients were more pronounced than other models. Therefore, we chose the FGLS model to solve the heteroscedasticity, autocorrelation, and simultaneous correlation problems.



According to Edward and Lambert’s (2007) moderated path analysis, a comparative analysis of the direct and indirect effect models of OFDI with knowledge absorptive capacity and innovation quality is needed. Table 7 adds knowledge absorptive capacity, knowledge absorptive capacity, and an OFDI interaction term, and the results show that the interaction term results were significant. This means that knowledge absorptive capacity and innovation quality were affected by OFDI. The squared term of OFDI and innovation quality was significantly negative, indicating that the relationship between OFDI and innovation quality was not changed by the addition of the interaction term of knowledge absorptive capacity and OFDI, knowledge absorptive capacity. In summary, OFDI by high-tech enterprises affected knowledge absorptive capacity through the inverted U-shaped curve effect, which further affected innovation quality, promoting an inverted U-shaped relationship between OFDI and innovation quality in Chinese high-tech enterprises; therefore, hypothesis H3 is verified.




4.4. Post Hoc Analysis


Considering that different levels of investment will have different impacts on the ability of multinational enterprises to adapt to the host country, to further analyze the level of capital accumulation of Chinese high-tech multinational enterprises at the present stage, it was necessary to clarify whether more or less OFDI will have a positive impact on the quality of innovation of high-tech multinational enterprises. We used the model to divide the sample of enterprises into a low-degree OFDI group and a high-degree OFDI group, using the median OFDI to help enterprises determine which investment strategy is conducive to innovation quality improvement [6]. We tested for outward foreign direct investment (OFDI) in high technology enterprises with a median OFDI value of 2.388 and, based on this median value, the sample was divided into a low OFDI group of 240 and a high OFDI group of 238, as shown in Table 9.



The results for the low-degree OFDI group show that the relationships between the variables in the low-degree OFDI group were generally consistent with the relationships between the variables in the overall sample. The squared term of OFDI was significantly negatively correlated with both knowledge absorptive capacity and innovation quality. The results show that OFDI by high-tech enterprises has an inverted U-shaped relationship with knowledge absorptive capacity and innovation quality, respectively, and knowledge absorptive capacity plays a mediating role in the inverted U-shaped relationship between OFDI and innovation quality, as shown in Figure 4 and Figure 5. While the results of the regressions on the control variables produce biases, the stability of the regression analyses on OFDI, knowledge absorptive capacity, and innovation quality in high-technology enterprises was acceptable.



The results for the high-degree OFDI group showed that OFDI was negatively correlated with both pieces of knowledge absorptive capacity and innovation quality. The squared term of OFDI was not significantly associated with knowledge absorptive capacity and innovation quality while knowledge absorptive capacity positively affected innovation quality. The interaction term of OFDI and knowledge absorptive capacity(OFDI*KA) positively affected the quality of innovation. The results show that the higher the knowledge absorptive capacity, the better the relationship between OFDI and innovation quality; With increase in OFDI, the quality of innovation of high-technology enterprises decreases, and the knowledge absorption capacity can moderate the relationship between OFDI and the quality of innovation. However, since this sample is a high-degree OFDI group, the enterprises have a certain threshold for OFDI, as shown in Figure 6. Therefore, high-tech enterprises need to maintain a moderate degree of OFDI.




4.5. Endogeneity Test


There are two main reasons that can lead to endogeneity problems. On the one hand, endogeneity problems occur when some of the explanatory variables are omitted. On the other hand, innovation quality may reverse outward foreign direct investment, resulting in endogenous problems. Thus, we used the instrumental variable method to solve the endogenous problem between outward foreign direct investment and innovation quality. Teece et al. (2018) used the OFDI probability of the enterprise as an instrumental variable for the OFDI of the enterprise. Therefore, we also used this method to test endogeneity, Equation (5) is set as follows:


  O F D I =  b 1  +  b 2  m a r k e t +  b 3  T F P +  b 4  f i n a n c e +  e Y  +  ε Y   



(5)




where the explanatory variables are the factors affecting the development of OFDI, the market is representative of the degree of marketization, TFP represents the total factor productivity of the enterprise in a specific year, and finance is the ratio of total liabilities to total assets of the enterprise. For the Kleibergen-Paap Wald-RK-F-statistic, the value is much greater than the test critical value of 16.38 for the instrumental variables method, indicating that the instrumental variables method test in this paper is justified. The results are shown in Table 10.





5. Discussion and Conclusions


5.1. Research Conclusions


In general, with the promotion of a cross-border business model, the proportion of investment by Chinese high-tech enterprises in neighboring countries has been on the rise year after year. However, the multinational operation of the Chinese high-tech industry is still in the exploration stage, and Cheng (2010) points out that there is currently a serious imbalance between high quality and high-speed development in China’s high-tech industry [26]. Currently, the diffusion effect of innovation from the parent company to its subsidiaries is not sufficiently significant, and the rational allocation of financial resources will be a breakthrough in improving the quality of innovation in Chinese enterprises [65,66,67]. Haner (2002) and Voss (2008) argue that there may be third-party variables, such as knowledge absorptive capacity, that influence the relationship between resources and high-quality development [1,2]. We reviewed the literature on the cross-border business model and argued that there may be some transmission mechanism among knowledge absorptive capacity, OFDI, and innovation quality. Based on data from a sample of 478 high-tech enterprises that made OFDI from China in 2013–2019, we validated the relationship using Edward and Lambert’s (2007) moderated path analysis [64]. From the perspective of knowledge absorptive capacity, we investigated the relationship among the OFDI, absorptive capacity, and innovation quality of the cross-border business model, establishing the transmission mechanism among variables, and drawing the following main conclusions:



First, there is an inverted U-shaped relationship between OFDI and innovation quality in high-tech enterprises. More OFDI by enterprises is not always better. At the early stage of innovation development, a low degree of OFDI promotes innovation quality improvement; however, as it grows, a high degree of OFDI inhibits innovation quality improvement, and there is an optimal balance point between both.



Second, knowledge absorptive capacity plays an inverted U-shaped mediating role in the relationship between OFDI and innovation quality in high-tech enterprises. The existence of an inverted U-shaped relationship between OFDI and knowledge absorptive capacity means that OFDI affects knowledge absorptive capacity through the inverted U-shaped curve effect, which further affects innovation quality and contributes to the inverted U-shaped relationship between OFDI and innovation quality.



Third, the OFDI post hoc analysis further validates the relationship between the variables and explains the impact of different degrees of OFDI on the quality of innovation and knowledge absorptive capacity of high-tech multinational enterprises. There is a clear gap between the results of the OFDI post hoc analysis. OFDI and innovation quality were negatively correlated, and knowledge absorptive capacity positively moderated the relationship in the high-degree OFDI post hoc analysis. The empirical results in the low-degree OFDI post hoc analysis were almost identical to those of the total sample. Although the results of the control variable regressions differ from the total sample results, which can produce a small degree of bias, it also indicates that the research hypothesis is largely free of logical problems and can be tested in practice.




5.2. Theoretical Implications and Contributions


With the further promotion of the Chinese cross-border business model, we analyze the high-quality development path from the perspective of OFDI of multinational enterprises in response to the continuous international investment disputes arising from the investment and operation of Chinese high-tech enterprises in neighboring countries, which aims to create an innovation diffusion effect on subsidiaries and reduce the incidence of investment disputes. Different from the previous understanding of the linear relationship between OFDI and innovation quality, we propose a non-linear model of the relationship between OFDI and innovation quality, taking into account the uncertainty of the host market and the development level of high-tech enterprises. The model illustrates whether more or less OFDI is better for the quality of innovation of multinational enterprises, and we verify the inverted U-shaped relationship between them. The research indicates that high-tech enterprises must maintain a balance of OFDI in the development process as the imbalance of investment may put them in a high-risk state, to the detriment of innovation exploration and high-quality development. Our research refines Voss’s (2008) suggestion that enterprise resource allocation should further explore more complex non-linear relationships in different contexts [2]. Therefore, the inverted U-shaped relationship is not only a further development of the resource base theory but also deeply reflects the proposition of a mechanism to match the capabilities of OFDI, knowledge absorptive capacity, and innovation quality.



Our research breaks the traditional black box of mediating effects research and uses Edward and Lambert’s (2007) moderated path analysis to test whether knowledge absorptive capacity has an inverted U-shaped mediating transmission between OFDI and innovation quality of the Chinese cross-border business model. As the policy, economic, cultural, and religious factors of the host country are quite different from those of Chinese society, which has a diversified impact on the development of multinational enterprises, the traditional three-step test of intermediary effects cannot reveal the path of influence of the intermediary variables. Therefore, we tested the hypothesis using the Edward and Lambert moderated path analysis method, which is a full-effects modulation model that provides a complete analysis of the modulation effects on all possible paths in the mediation model. OFDI has an inverted U-shaped relationship with knowledge absorptive capacity and innovation quality, respectively, indicating that knowledge absorptive capacity in high-tech multinationals is a reflection of the growth process and represents a mechanism of capability matching and adaptation. Meanwhile, it is also a sustainable development process of a two-way integration between multinational enterprises and host countries, which can achieve win-win cooperation between the two sides through local conditions and talent localization strategies. Therefore, matching OFDI by high-tech enterprises with the knowledge absorptive capacity of host countries, taking into account their development characteristics, is conducive to high-quality development in cross-border business.



We consider that the most important thing for Chinese high-tech enterprises in cross-border business to gain the acceptance and recognition of the host country is to balance the level of OFDI, which determines the rationalization of enterprise strategies and will reduce doubt and rejection. Multinational enterprises must establish a close link between OFDI and knowledge absorptive capacity by taking into account the host market, increasing the knowledge base, narrowing the cultural gap between enterprises and host countries. Chinese high-tech enterprises can change strategies through investment-level, and enhance knowledge spillovers, thereby improving absorptive capacity, which can increase integration and promote high-quality development. High-tech enterprises must maintain a moderate level of OFDI, which means the top of the inverted U-shaped curve. If OFDI is out of balance, when the level of investment is on the left-hand side of the inverted U-shaped curve, enterprises can adopt an incremental innovation model, focusing on product localization. The specific measure is to improve cultural integration, to ensure the quality of stakeholder services, to improve absorptive capacity and maintain basic operational infrastructure, and slowly improve the quality of innovation. When the level of OFDI is in an inverted U-shaped right-hand state, companies can adopt innovative breakthrough models that use large cash flows and financing networks to upgrade the skills of local employees and enhance the building of corporate and local cultures. While enhancing product uniqueness to gain a competitive advantage in the host market, the measure can boost local employment, increase knowledge absorption capacity, and further improve the Chinese cross-border business model.




5.3. Limitations and Future Research


First, although our research is supported by the data, the sample consists mainly of listed companies, and there is investigation of small and medium-sized multinational enterprises, which limits the generalizability of the research. Follow-up research should expand the sample source and industry category to increase the scope of application of the theory.



Second, based on the existing literature and the current development status of Chinese multinational enterprises, our research adopts OFDI as an overall variable to analyze its impact on innovation quality. However, OFDI is divided into M&A and greenfield modes. Since the detailed data of M&A and greenfield in high-tech enterprises in neighboring countries are missing, using M&A and greenfield modes will affect the accuracy of high-quality development of multinational enterprises. Therefore, we use the ratio of the amount of outward foreign direct investment (OFDI) by enterprises to GDP for the measurement of OFDI. At present, most academics study OFDI as a whole and studies that divide it into different dimensions are relatively lacking and underdeveloped. Thus, our research represents an extended and innovative approach in terms of OFDI. Therefore, as the main content of OFDI research, in the future, M&A and greenfield modes of multinational enterprises should be studied in depth to expand their content and outreach.



Finally, our study does not consider the host country market environment and the internal and external institutional environment that may exist in the development of the cross-border business model, and we only analyze environmental turbulence as a control variable. Future research must further explore the impact of OFDI on quality development under the influence of the host country’s political, cultural, and religious factors, such as cultural conflicts, bilateral policy coordination, and the formal or informal institutional environment. Moreover, we only study knowledge absorptive capacity as a mediating variable. In the future, we must consider the impact of the tacit explicit knowledge transfer effects of multinational enterprises on high-quality development. Therefore, researchers can further examine the extent of OFDI by multinational enterprises in the dynamic situation of host countries. Furthermore, we can research the relationship between knowledge transferability in investment patterns and innovation quality.
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Figure 1. OFDI, knowledge absorptive capacity and innovation quality of high-tech enterprises. 
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Figure 2. OFDI and Innovation quality. 
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Figure 3. OFDI and knowledge absorptive capacity. 
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Figure 4. OFDI and KA (low-degree OFDI group). 
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Figure 5. OFDI and IQ (low-degree OFDI group). 
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Figure 6. OFDI, KA and IQ (high-degree OFDI group). 
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Table 1. Variables and definitions.






Table 1. Variables and definitions.





	Variable
	Definition





	OFDI
	The ratio of OFDI to GDP over the same period



	Innovative quality (IQ)
	The ratio of patents invented to patents filed



	Knowledge absorptive capacity (KA)
	The ratio of R & D expenditure to net assets



	Firm size (Size)
	Natural logarithm of total assets at the end of each year



	Firm age (Age)
	Natural logarithm of the number of days from the date of incorporation of the parent company to the end of each year (December 31)



	Firm performance (BP)
	Total net assets margin



	Operational efficiency (Operation)
	Annual total assets turnover rate



	Industry growth rate (Growth)
	The growth rate of total assets at the end of the year relative to total assets at the beginning of the year



	Environmental instability (EI)
	The variance of ROA (return on assets = net profit after tax/total assets) over the previous three years



	Overseas R&D depth (ORDD)
	Number of a firm’s foreign R&D subsidiaries divided by the total number of foreign subsidiaries in a given year



	Overseas R&D breadth (ORDB)
	Number of countries or regions in which the company has invested in overseas R&D subsidiaries
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Table 2. Descriptive statistics (eliminating outliers).






Table 2. Descriptive statistics (eliminating outliers).





	Variable
	Obs
	Std. Dev.
	Mean
	Minimum
	Maximum





	OFDI
	2868
	1.206
	2.388
	0.002
	6.987



	IQ
	2868
	0.245
	0.160
	0.005
	1.000



	KA
	2868
	1.345
	3.974
	0.268
	7.126



	Size
	2868
	1.247
	12.092
	6.144
	17.059



	Age
	2868
	1.526
	12.956
	8.004
	18.335



	FP
	2868
	1.526
	6.048
	1.097
	11.427



	Operation
	2868
	0.406
	0.679
	0.006
	3.835



	Growth
	2868
	1.863
	2.994
	1.001
	7.999



	EI
	2868
	0.112
	0.101
	0.001
	0.730



	ORDD
	2868
	0.400
	0.145
	0.000
	5.690



	ORDB
	2868
	0.767
	2.363
	0.142
	6.541
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Table 3. Correlation matrix (eliminating outliers).






Table 3. Correlation matrix (eliminating outliers).



















	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)





	Size
	-
	
	
	
	
	
	
	
	
	
	



	Age
	0.370 ***
	-
	
	
	
	
	
	
	
	
	



	FP
	0.576 ***
	0.631 ***
	-
	
	
	
	
	
	
	
	



	Operation
	−0.199 ***
	0.062 ***
	0.059 ***
	-
	
	
	
	
	
	
	



	growth
	−0.265 ***
	−0.394 ***
	−0.327 ***
	0.009
	-
	
	
	
	
	
	



	EI
	−0.029
	−0.126 ***
	−0.118 ***
	−0.136 ***
	0.105 ***
	-
	
	
	
	
	



	ORDD
	0.139 ***
	0.236 ***
	0.477 ***
	0.216 ***
	−0.153 ***
	−0.452 ***
	-
	
	
	
	



	ORDB
	0.381 ***
	0.359 ***
	0.360 ***
	0.225 ***
	0.117 ***
	0.461 **
	0.307 ***
	-
	
	
	



	IQ
	−0.011
	0.054 ***
	0.063 ***
	0.077 ***
	−0.221 ***
	−0.216 ***
	−0.248 ***
	0.009
	3.810
	
	



	KA
	0.405 ***
	0.328 ***
	0.323 ***
	−0.095
	−0.124 ***
	0.535 ***
	0.273 ***
	0.718 ***
	0.346 ***
	4.590
	



	OFDI
	0.504 ***
	0.468 ***
	0.469 ***
	−0.138 ***
	0.273 ***
	−0.046 ***
	−0.180 ***
	0.539 ***
	0.183 ***
	0.413 ***
	5.760







Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 4. Heteroscedasticity test (White).






Table 4. Heteroscedasticity test (White).





	
H0: Sigma(i)^2 = Sigma^2 for All i






	
chi2 (27)

	
790.75




	
Prob > chi2

	
0.000




	
Fixed effects

	
YES
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Table 5. Autocorrelation test.






Table 5. Autocorrelation test.





	
H0: No First-Order Autocorrelation






	
F

	
4.920




	
Prob > F

	
0.0623




	
Fixed Effects

	
YES











[image: Table] 





Table 6. Simultaneous correlation tests.






Table 6. Simultaneous correlation tests.





	
    H 0 :   COV   (  —   i 1  t    —   i 2  t   )  = 0     






	
Breusch–Pagan LM test of

independence

	
93.107




	
Pr

	
0.0193




	
Fixed effects

	
YES
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Table 7. OFDI, knowledge absorptive capacity, and innovation quality (N = 478) (eliminating outliers).






Table 7. OFDI, knowledge absorptive capacity, and innovation quality (N = 478) (eliminating outliers).





	
Variable

	
Innovation Quality (IQ)




	
(OLS)

	
(AR)

	
(PSAR)

	
(PCSE)

	
(FGLS)






	
Size

	
−0.046 ***

(0.011)

	
−0.051 ***

(0.019)

	
−0.049 ***

(0.023)

	
−0.062 ***

(0.021)

	
−0.044 ***

(0.009)




	
Age

	
−0.227

(0.672)

	
−0.209

(0.613)

	
−0.352

(0.592)

	
−0.209

(0.672)

	
−0.371 *

(0.501)




	
FP

	
0.038

(0.054)

	
0.032

(0.063)

	
0.029

(0.092)

	
0.002

(0.101)

	
0.073

(0.048)




	
Operation

	
−0.126 ***

(0.017)

	
−0.178 ***

(0.019)

	
−0.203 ***

(0.020)

	
−0.217 ***

(0.011)

	
−0.302 ***

(0.008)




	
Growth

	
−0.165 ***

(0.022)

	
−0.153 ***

(0.019)

	
−0.187 ***

(0.015)

	
−0.111 ***

(0.013)

	
−0.159 ***

(0.021)




	
EI

	
−0.758 ***

(0.089)

	
−0.663 ***

(0.084)

	
−0.715 ***

(0.076)

	
−0.698 ***

(0.099)

	
−0.652 ***

(0.071)




	
ORDD

	
−0.099 ***

(0.011)

	
−0.115 ***

(0.016)

	
−0.146 ***

(0.019)

	
−0.194 ***

(0.009)

	
−0.159 ***

(0.012)




	
ORDB

	
0.238

(0.017)

	
0.241 **

(0.020)

	
0.257 **

(0.016)

	
0.236 **

(0.025)

	
0.279 ***

(0.019)




	
OFDI

	
−0.031

(0.014)

	
−0.056

(0.016)

	
−0.062

(0.013)

	
−0.071

(0.020)

	
−0.126 **

(0.018)




	
OFDI2

	
−0.025 *

(0.001)

	
−0.086 **

(0.002)

	
−0.071 **

(0.001)

	
−0.112 **

(0.001)

	
−0.096 **

(0.002)




	
KA

	
−0.023 *

(0.006)

	
−0.029 **

(0.004)

	
−0.026 **

(0.002)

	
−0.031 **

(0.003)

	
−0.037 ***

(0.001)




	
KA*OFDI

	
0.013 *

(0.005)

	
0.024 ***

(0.001)

	
0.033 ***

(0.003)

	
0.021 ***

(0.002)

	
0.034 ***

(0.001)




	
Adjusted-R2

	
0.217

	
0.358

	
0.416

	
0.559

	
0.623




	
Fixed effects

	
YES

	
YES

	
YES

	
YES

	
YES








Note: The model omits the constant term; * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8. OFDI and knowledge absorptive capacity (N = 478) (eliminating outliers).






Table 8. OFDI and knowledge absorptive capacity (N = 478) (eliminating outliers).





	
Variable

	
Knowledge Absorptive Capacity (KA)




	
(OLS)

	
(AR)

	
(PSAR)

	
(PCSE)

	
(FGLS)






	
Size

	
−0.091

(0.131)

	
−0.102

(0.090)

	
−0.093

(0.251)

	
−0.112

(0.096)

	
−0.136 *

(0.087)




	
Age

	
14.249

(4.163)

	
13.176

(4.098)

	
12.091 *

(2.997)

	
14.794 **

(2.655)

	
12.315 **

(1.963)




	
FP

	
−1.327 ***

(0.418)

	
−1.019 ***

(0.551)

	
−1.465 **

(1.451)

	
−2.072 ***

(1.643)

	
−1.618 ***

(0.832)




	
Operation

	
−0.468 ***

(0.126)

	
−0.453 ***

(0.130)

	
−0.427 ***

(0.247)

	
−0.596 ***

(0.265)

	
−0.537 ***

(0.118)




	
Growth

	
−0.095

(0.246)

	
−0.087

(0.201)

	
−0.108 *

(0.176)

	
−0.115 **

(0.143)

	
−0.109 **

(0.152)




	
EI

	
−2.334 ***

(0.617)

	
−2.118 ***

(0.599)

	
−1.942 ***

(0.608)

	
−2.681 ***

(0.507)

	
−1.993 ***

(0.492)




	
ORDD

	
0.252 *

(0.138)

	
0.241 ***

(0.133)

	
0.317 ***

(0.152)

	
0.208 ***

(0.179)

	
0.291 ***

(0.107)




	
ORDB

	
1.095 *

(0.102)

	
1.378 ***

(0.091)

	
1.491 ***

(0.096)

	
2.015 ***

(0.132)

	
1.534 ***

(0.083)




	
OFDI

	
0.332 *

(0.088)

	
0.318 **

(0.076)

	
0.297 **

(0.092)

	
0.372 **

(0.128)

	
0.405 ***

(0.079)




	
OFDI2

	
−0.128 **

(0.014)

	
−0.107 **

(0.033)

	
−0.086 **

(0.102)

	
−0.119 ***

(0.084)

	
−0.219 ***

(0.009)




	
Adjusted-R2

	
0.322

	
0.393

	
0.573

	
0.541

	
0.619




	
Fixed effects

	
YES

	
YES

	
YES

	
YES

	
YES








Note: The model omits the constant term; * p < 0.1, ** p < 0.05, *** p < 0.01.













[image: Table] 





Table 9. The results of the post hoc analysis on OFDI (eliminating outliers).
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Variable

	
Comprehensive FGIS Test




	
Low-Degree OFDI Group(N = 240)

	
High-Degree OFDI Group(N = 238)




	
KA

	
KA

	
IQ

	
IQ

	
IQ

	
KA

	
KA

	
IQ

	
IQ

	
IQ






	
Size

	
0.056

(0.080)

	
0.061

(0.082)

	
−0.088 ***

(0.019)

	
−0.091 ***

(0.020)

	
−0.103 **

(0.017)

	
−0.109

(0.142)

	
−0.128

(0.143)

	
0.035 **

(0.017)

	
0.03 6**

(0.017)

	
0.041 **

(0.018)




	
Age

	
9.521 *

(5.076)

	
9.677 *

(4.861)

	
−2.120 *

(1.193)

	
−2.239 *

(1.186)

	
−2.568 *

(1.180)

	
16.498 *

(2.142)

	
12.993

(2.502)

	
2.635**

(0.980)

	
2.712 ***

(1.001)

	
2.840 ***

(1.002)




	
FP

	
−0.938 **

(0.405)

	
−0.887 **

(0.407)

	
0.176 *

(0.096)

	
0.183 **

(0.095)

	
0.177

(0.090)

	
−1.533 **

(0.791)

	
−1.670 *

(0.730)

	
−0.195 ***

(0.075)

	
−0.213 ***

(0.077)

	
−0.228 ***

(0.080)




	
Operation

	
−0.754 ***

(0.127)

	
−0.801 ***

(0.131)

	
−0.093 ***

(0.030)

	
−0.101 ***

(0.029)

	
−0.104 ***

(0.031)

	
−0.482 **

(0.173)

	
−0.524 **

(0.182)

	
−0.181 ***

(0.022)

	
−0.183 ***

(0.024)

	
−0.188 ***

(0.024)




	
Growth

	
−0.134 **

(0.006)

	
−0.206 **

(0.008)

	
−0.182 ***

(0.013)

	
−0.186 ***

(0.012)

	
−0.191 ***

(0.012)

	
−0.177 **

(0.003)

	
−0.180 **

(0.003)

	
0.096 ***

(0.088)

	
0.121 ***

(0.089)

	
0.128 ***

(0.095)




	
EI

	
−2.618 ***

(0.600)

	
−2.792 ***

(0.581)

	
−0.349 **

(0.140)

	
−0.355 ***

(0.141)

	
−0.438 ***

(0.143)

	
−2.233 **

(1.056)

	
−2.327 **

(1.073)

	
−0.865 ***

(0.107)

	
−0.887 ***

(0.109)

	
−0.901 ***

(0.110)




	
ORDD

	
0.084 *

(0.046)

	
0.138 ***

(0.050)

	
−0.041 ***

(0.010)

	
−0.038 *

(0.011)

	
−0.022

(0.011)

	
−1.217 ***

(0.606)

	
−1.358 ***

(0.608)

	
−0.320 ***

(0.066)

	
−0.322 ***

(0.067)

	
−0.326 ***

(0.067)




	
ORDB

	
1.553 ***

(0.109)

	
1.549 ***

(0.089)

	
0.151 ***

(0.025)

	
0.147 ***

(0.025)

	
0.159 ***

(0.027)

	
1.286 ***

(0.230)

	
1.351 ***

(0.231)

	
0.270 ***

(0.026)

	
0.278 ***

(0.028)

	
0.281 ***

(0.029)




	
OFDI

	
−0.144 **

(0.051)

	
0.048

(0.090)

	
0.009

(0.018)

	
0.028 **

(0.026)

	
0.075 ***

(0.023)

	
−0.657 ***

(0.130)

	
−0.241

(0.472)

	
−0.140 ***

(0.018)

	
−0.148 ***

(0.042)

	
−0.177 ***

(0.044)




	
OFDI2

	

	
−0.090 ***

(0.031)

	

	
−0.025 ***

(0.009)

	
−0.037 ***

(0.010)

	

	
−0.099

(0.064)

	

	
0.012

(0.009)

	
0.015

(0.008)




	
KA

	

	

	

	

	
−0.042 ***

(0.020)

	

	

	

	

	
0.062 *

(0.017)




	
OFDI*KA

	

	

	

	

	
0.051 ***

(0.008)

	

	

	

	

	
0.083 **

(0.005)




	
Adjusted-R2

	
0.516

	
0.532

	
0.465

	
0.574

	
0.607

	
0.401

	
0.503

	
0.427

	
0.569

	
0.611




	
Fixed effects

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES








Note: The model omits the constant term; * p < 0.1,** p < 0.05,*** p < 0.01.
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Table 10. The results of the endogeneity test (eliminating outliers).
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Variable

	
Instrumental Variable




	
(1)

	
(2)




	
Innovation Quality

	
Innovation Quality






	
OFDI

	
−0.087 **

(0.021)

	
−0.046 **

(0.013)




	
OFDI2

	
−0.025 *

(0.001)

	
−0.017 **

(0.003)




	
Kleibergen-Paap Rk Wald F statistic

	
111.34

	
71.39




	
Time

	
6

	
6




	
Control

	
YES

	
YES




	
Year

	
Fixed

	
Fixed




	
R2

	
0.432

	
0.514




	
N

	
478

	
478








Note: The model omits the constant term; * p < 0.1,** p < 0.05,*** p < 0.01.
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