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Abstract

:

Increasing research and development (R&D) investment is the key to the sustainable development of the manufacturing industry. With the development of financialization, manufacturing enterprises allocate greater funds to the financial field, which may significantly affect their level of R&D investment. However, few studies have explored the relationship between the two. Using the data of manufacturing listed companies in China from 2007 to 2018, this paper investigates the impact of financialization on manufacturing R&D investment and further analyzes the moderating effect of government subsidies on the relationship between the two, mainly using Heckman’s two-step approach. The results show that, on the whole, financialization has a significant restraining effect on China’s manufacturing R&D investment, and that government subsidies exacerbate this negative effect. However, there are some differences in the statistical significance and in the level of influence of financialization on R&D investment, which are based on enterprise type, industry, region, and financing constraints. Additionally, the moderating effects of government subsidies under heterogeneous samples differ in sign, statistical significance, and impact magnitude. This paper not only conducts a comprehensive study on the impact of financialization on manufacturing R&D investment but also introduces government subsidies as the moderating variable into the analysis, which is conducive to a better understanding of the relationship between corporate financialization and manufacturing R&D investment in China.
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1. Introduction


The manufacturing industry is one of the most important elements of the economy and is crucial to creating sustainable economic growth [1,2]. In recent years, especially since the 2008 global financial crisis, both developed and developing countries have attached great importance to the development of the manufacturing industry. The manufacturing industry in emerging markets has been facing more challenges, such as sustainability, due to changes in the landscape of global manufacturing [3]. As the world’s largest manufacturing country, China’s manufacturing industry has experienced rapid development since the reform and opening up in 1978. However, the rapid growth of China’s manufacturing industry relies on factor inputs. In order to achieve the sustainable development of the manufacturing industry, China must accelerate its transition from an extensive factor-driven model to an innovation-driven model [4,5]. Research and development (R&D) investment facilitates technological innovation and is widely regarded as a key factor for manufacturing enterprises to obtain a competitive advantage [3,6]. In this sense, it is important to identify the essential driving forces of manufacturing R&D investment in China.



The financialization of manufacturing enterprises has become a non-negligible factor in explaining firms’ R&D investment. Given the acceleration of economic financialization all over the world as well as the widening gap in profitability between the finance sector and the non-finance sector [7,8,9,10,11], manufacturing enterprises are progressively inclined to the process or trend of financial investment, and their business activities are more and more controlled by financial investment. This phenomenon is defined as manufacturing financialization [12]. Theoretically, financialization brings both a reservoir effect and a crowding-out effect to the R&D investment of enterprises. On the one hand, the financialization of industrial capital is essentially a mode of short-term investment behavior, and the increase of short-term investment returns will enhance the financing efficiency and ability of enterprises [13,14]. Therefore, some scholars have suggested that the rational use of financial tools and the effective allocation of financial capital to promote corporate technological innovation are key to achieving innovation-driven development [15], resulting in a reservoir effect. On the other hand, as some macro studies have shown, excessive financialization will have a negative effect on economic and social development [16]. Similarly, excessive financial investments will crowd out operational business investments and reduce the available production capital of the manufacturing industry, negatively impacting corporate R&D investment.



To date, a great deal of the literature has focused on the economic consequences of corporate financialization from perspectives such as industrial investment, profitability, and productivity [5,17,18,19,20,21,22,23,24,25,26,27,28]. However, there are few studies on the impacts of financialization on manufacturing’s R&D input (Considering literature on the effect of corporate financialization on R&D investment is rare, and our work is related to the literature that studies the impact of financialization on a firm’s physical investment in general, we also review the relevant literature). Furthermore a consensus has not been reached regarding the relationship between corporate financialization and R&D investment or physical investment. Most empirical studies show that financialization has constituted the main physical investment of non-financial corporations [17,18,23,24,25,26], and Seo et al. [6], Su and Liu [29], Xu and Xuan [28] confirm a negative relationship between corporate financialization and R&D investment. A fraction of studies contend that corporate financialization does not have a negative influence on the fixed investment of non-financial corporations (NFCs) [20,21], and it even imparts a significant promotion impact [22]. In addition, some scholars believe that there is a threshold effect in the impact of financialization on corporate R&D investment. Pan and Wang find that there exists a reasonable fluctuation range in financialization levels, and the crowding-out effect of financialization has the least significant impact on innovation investment [30]. The research of Li et al. [31] shows that within different ranges, financialization has different effects on the R&D innovation of non-financial enterprises measured by the proportion of net intangible assets in total assets.



In order to develop our understanding of the relationship between corporate financialization and R&D investment, this paper argues that further analysis can be conducted regarding the following aspects. Firstly, in terms of econometric techniques, several studies such as Seo et al. [6] employ methods such as ordinary least squares (OLS) and the GMM technique to investigate the impact of financialization on R&D investment, by excluding the enterprises that provided no data on R&D investment. However, since the value of the R&D investment of these firms are not randomly missed, a sample selection issue will present itself, leading to inconsistent estimations [32]. It is necessary to employ Heckman’s procedure to resolve the potential sample selection bias inherent in data [33]. Second, in the research on the determinants of corporate R&D investment, especially for countries such as China that are transforming from a planned economy to a market economy, government subsidies are an important factor that has attracted academic interest. A government subsidy is a form of financial support provided by the government to encourage the development of an industry or enterprise. Its intention is to reduce the costs and risks of R&D investment and to motivate enterprises to increase innovation investment. However, with the increasing financialization of manufacturing enterprises, government subsidies may also aggravate the crowding-out effect of financialization on corporate R&D investment. Therefore, government subsidies should also play an essential moderating role in the relationship between financialization and R&D investment, although the literature concerning this remains scarce. Finally, due to the heterogeneity of financing constraints and the development environments the enterprises face, the crowding-out effect or the reservoir effect may vary. Therefore, the relationship between financialization and corporate R&D investment under heterogeneous samples and the moderating role of government subsidies deserves further attention.



Based on the data of A-share listed manufacturing companies in China from 2007 to 2018, this paper seeks to examine the effects of corporate financialization on R&D investment as well as the role of government subsidies in moderating the financialization–R&D investment relationship and conducts a heterogeneity analysis for different samples. The main contributions of this paper are as follows, (1) By investigating the moderating role of government subsidies in the impact of financialization on the R&D investment of manufacturing enterprises, this paper brings financialization, R&D investment, and government subsidies into a unified framework for research, which can help to further understand the relationship between corporate financialization and R&D investment from a new perspective. (2) Heckman’s two-step approach is employed in this paper to correct the possible sample selection bias, which can measure the impact of corporate financialization on R&D investment more effectively. Simultaneously, it provides the results of both the impact of financialization on the propensity and intensity of R&D investment of manufacturing enterprises in detail. (3) This paper verifies whether the impacts between corporate financialization on R&D investment and the moderating effect of government subsidies have varying relationships for ownership type, industry, region, and financing constraints differences. After doing so, the relationship between financialization and the R&D investment of China’s manufacturing enterprises can be fully identified.



The results of this paper show that in general, financialization has a significant negative impact on the R&D investment of China’s manufacturing enterprises. Additionally, government subsidies play a significant and negative moderating role in the relationship between financialization and corporate R&D investment; that is, government subsidies amplify the negative impacts of corporate financialization on R&D investment. Finally, no matter the impact of financialization on the R&D investment of China’s manufacturing enterprises or the moderating effect of government subsidies, they all show some heterogeneity in different sub-samples.



The remainder of this paper is structured as follows. The second section puts forward research hypotheses. The third section presents the research design of this paper, including an introduction of the model specification, relevant data, variable measurements, etc. The fourth section elaborates on an empirical analysis regarding the impact of corporate financialization on manufacturing R&D investment. The fifth section analyzes the role of government subsidies in moderating the financialization–R&D investment relationship. The sixth section provides the conclusion.




2. Research Hypothesis


2.1. Financialization and the R&D Investment of Manufacturing Enterprises


Corporate financialization is a double-edged sword. The effect of financialization on R&D investment can be generally classified as either types of reservoir effects or crowding-out effects.



Innovation has the characteristics of large capital demand, long investment cycle, and high investment risk [34,35], and these characteristics cause the phenomenon of “financing difficulty” in the process of corporate innovation activities. Since financial assets have the features of strong liquidity, low adjustment cost, and high return on investment, enterprises will invest their capital in the financial field for precautionary savings and to maintain a capital reserve. When enterprises are faced with insufficient funds, they can improve their situations via returns from investments in financial assets. The allocation of financial assets by real enterprises plays a vital replenishment role in managing cash flow risks and relieving the pressure of external financing constraints [36,37], thus alleviating the problem of insufficient R&D investment caused by financing constraints [13,14], that is, by which point the reservoir effect becomes evident.



However, with the development of financialization, financial capital is no longer attached to industrial capital, and the financial industry has formed a relatively independent process of “money begetting money”. Meanwhile, the major profits accrued by businesses through enterprises gradually declines, stimulating their preference for financial investment. Because financial assets can achieve excess returns, and the capital of enterprises is limited, for arbitrage motivation, enterprises increase financial investment in pursuit of short-term profits, using the capital originally allotted for R&D investment. Besides, excessive financialization will cause asset bubbles, and the short-sighted behavior of enterprises means that they ignore the long-term development momentum afforded through innovation. When the arbitrage motivation is greater than that of preventive savings, even if enterprises obtain returns from the investment in financial assets, which provide them enough funds to invest in the R&D, they will still overlook long-term innovation projects and opt for the reinvestment of financial assets, thus forming a cycle of “financial speculation-obtaining returns-reinvestment in financial assets”. These facts have caused the crowding-out effect on the R&D investment. Some scholars have proved the crowding-out effect of financialization on corporate R&D investment or fixed assets investment. Utilizing the data of Korean NFCs from 1994 to 2009, Seo et al. [6] found that corporate financialization will lead to the crowd out effect in the R&D investment of NFCs.



In recent years, China’s economy has increasingly shown a development trend from the real to the virtual [38,39], and the rate of financialization of non-financial listed companies has increased significantly [25]. At the same time, the manufacturing industry is facing problems such as overcapacity, a low proportion of high-tech manufacturing industry, and has remained at the middle and low-end of the global value chain division for a long period. There is a structural imbalance between the real and virtual economy [40]. The arbitrage motive of non-financial enterprises is apparent. In this context, we believe the crowding-out effect, as a result of financialization, will have a greater impact than the reservoir effect, and that financialization has an overall negative impact on the R&D investment of manufacturing enterprises. Based on the above analysis, this paper proposes the following hypothesis:



H1: 

Financialization has a negative impact on the R&D investment of manufacturing enterprises.





The above hypothesis is discussed by considering the overall impact of financialization on the R&D input of manufacturing enterprises, without discussing the impact under sample differences. Considering the actual conditions, by which different types of enterprises have specific differences in financing conditions, their development environment, and in their motivation to invest in financial assets, there may be certain differences in the impact of corporate financialization on R&D investment. Specifically, from the perspective of different types of enterprise ownership, although private enterprises are an important engine of China’s economic growth, they are often discriminated against when seeking external funds [41]. Compared with private enterprises, state-owned enterprises (SOEs) are provided more subsidies and tax relief from the government [33]. Because SOEs face relatively less capital pressure in production and operation, and display principal-agent behavior, enterprise operators tend to have “short-sighted” behavior, focusing on short-term operating performance, and therefore have stronger financial arbitrage motivation [5]. This paper expects that the negative impact of financialization on the R&D investment of SOEs is more prominent. Compared with enterprises in non-high-tech industries, high-tech enterprises can often obtain more financial support from the government and the favor of investors. At the same time, because high-tech products and processes often have higher innovation returns, their innovation performance is more significant [42]. Therefore, although financial investment can bring a relatively high return for high-tech enterprises, their R&D activities in the high-tech field can also be expected to achieve high innovation returns. In this context, companies in high-tech industries have relatively weaker incentives to perform financial arbitrage activities, and the crowding-out effect of financialization on their R&D investment will be less evident. From a regional perspective, compared with the central and western regions, the eastern region has a relatively high level of financial market development and rich financial investment channels [5]. As a result, enterprises in eastern China are more willing to make financial investments, and the degree of financialization is higher, thus the negative impact of financialization on the R&D investment will be more prominent. There are apparent differences in external financing conditions faced by both producers and operators of enterprises with different financing constraints. For enterprises with a high degree of financing constraints, the difficulties in production and operation are more prominent. In order to consider cash flow, enterprises are more likely to consider short-term financial investments so as to obtain high returns. In the case of limited corporate capital, the crowding-out effect will be more pronounced for the financialization of corporate R&D investment. To summarise, financialization is expected to confer heterogeneous impacts of R&D investment for different types of enterprises based on ownership, industry, location, and the levels of financing constraints. Therefore, the second hypothesis of this paper is proposed in view of enterprise heterogeneity.



H2: 

Under the difference of enterprise types, financialization has a heterogeneous effect on the R&D investment of manufacturing enterprises.






2.2. The Moderating Role of Government Subsidies in the Relationship between Financialization and Corporate R&D Investment


Theoretically, government subsidies can perform both a positive and negative moderating effect in the financialization–R&D investment relationship. When enterprises face strong financing constraints, government subsidies assist enterprises in alleviating the pressure of financing constraints and to solve the problem of insufficient funds. In addition, the information asymmetry between entrepreneurs and investors may cause adverse selection, which is the main source of financing constraints. This is generally attributed to the fact that the credit value of an enterprise is always difficult to evaluate, and investors are highly unlikely to invest without such guarantees. In contrast, the government always subsidizes projects with high investment values, which provides a positive indication for other investors and weakens the information asymmetry to a certain extent [43]. This is conducive to the alleviation of financing difficulties for enterprises. Therefore, government subsidies will allow enterprises to obtain additional capital to invest in financial assets, imparting a reservoir effect to R&D investment. However, according to the study of Mansfield et al. [44], around 60% of patents will be imitated within four years. Meanwhile, China’s intellectual property protection system is not complete, which will makes it difficult for enterprises to obtain high returns brought by R&D activities. Additionally, the ex-post fund supervision mechanism requires improvement once enterprises have received government subsidies as there is a huge gap between the profitability of China’s manufacturing sector and that of the financial sector. Against this background, many short-sighted enterprises will be inclined to invest a majority of their government subsidies in financial assets rather than in long-cycle innovation projects, so as to obtain returns in the short term due to arbitrage motivation [45]. Therefore, we expect that government subsidies will further enforce the crowding-out effect of financialization on corporate R&D investment. Based on the above analysis, the following hypothesis is put forward.



H3: 

Government subsidies will deepen the inhibitory effect of financialization on the R&D investment of manufacturing enterprises.





Similarly, considering that different types of enterprises have different characteristics and face different economic environments, we expect that, under the differences of enterprise ownership type, industry, location, and financing constraints, the moderating role of government subsidies in the relationship between financialization and the R&D investment of manufacturing enterprises is also different. Based on this, the following hypothesis is proposed.



H4: 

There are differences in the moderating effect of government subsidies on the relationship between financialization and the R&D investment of manufacturing enterprises under different types of enterprises.







3. Research Design


3.1. Model Specification


As discussed above, in the case of the sample selection issues, using the OLS method to capture the impact of financialization on the R&D investment of manufacturing enterprises will lead to inconsistent results, and the Heckman’s two-step approach will be used to help correct the sample selection bias. Additionally, since not all enterprises have R&D investments, the Heckman model can also be used to investigate the impact of financialization on both the propensity towards R&D and the R&D investment intensity of manufacturing enterprises to obtain more detailed results. In this regard, this paper uses the Heckman’s two-step approach to investigate the impact of financialization on the R&D investment of manufacturing enterprises. The overall flow chart of the scheme of methods used and the orders in which the steps were performed are shown in Figure 1.



The steps of Heckman’s two-step approach, as used in this paper, are as follows:



Firstly, based the overall observations, this paper uses the Probit model shown in Equation (1) to investigate the impact of financialization on the propensity to invest in R&D of manufacturing enterprises:


    P ( r  d  i t   = 1 ) =  α 0  +  α 1  F i  n  i , t - 1   +  α 2  G o  v  i , t - 1   +  α 3  C r e d i  t  i t   +  α 4  S i z  e  i t   +  α 5  A g  e  i t       +  α 6  P r  o  i t   +  α 7  S t  r  i t   +  α 8  C a  p  i t   +  α 9  C a s  h  i t   +  α  10   Y e a  r  i t   +  α  11   I n d u s t r  y  i t       +  α  12   T y p  e  i t   +  α  13   T e c h n i q u  e  i t   +  α  14   D i s t r i c  t  i t   +  v  i t      



(1)




where rdit is a dummy variable indicating whether firm i has invested in R&D in year t; the core explanatory variable Fin represents the level of corporate financialization, and the moderating variable Gov represents the level of government subsidies. Considering that financialization and government subsidies may have a time-lagged effect on the propensity for corporate R&D investment, in order to rectify the potential endogenous problem, the 1-year-lagged values of Fin and Gov are introduced into the model. This paper also considers the following control variables: dummy variable representing financing constraint (Credit), enterprise size (Size), enterprise age (Age), profitability (Pro), capital structure (Str), capital intensity (Cap), cash flow (Cash), dummy variable representing the year (Year), dummy variable representing the industry of the enterprise (Industry), dummy variable representing state-owned enterprise (Type), dummy variable representing high-tech enterprise (Technique), and regional dummy variable representing the eastern region (District); vit is a random error term that corresponds with a normal distribution with a mean of 0.



Secondly, by estimating Equation (1), the probability of an enterprise engaging in R&D investment can be predicted, and the inverse Mills’ ratio λ can be calculated using the following formula:


   λ  i t   =   φ ( −  X  i t     ′   α ^  / σ )   ϕ ( −  X  i t     ′   α ^  / σ )    



(2)




where Xi1 is the set of all explanatory variables in the first stage model, and   α ^   is the estimation coefficient vector of Xi1 for the Probit model in Equation (1); σ is the standard deviation of the error term     v ^   i t    ;   φ ( −  X  i t     ′   α ^  / σ )   and   ϕ ( −  X  i t     ′   α ^  / σ )   represent the density function of standard normal distribution and the probability distribution function of standard normal distribution, respectively.



Next, this paper takes the R&D investment intensity as the dependent variable and adds the inverse Mills’ ratio λ estimated in the first stage of the model as the independent variable. Based on the sample enterprises for which R&D expenditures are larger than 0, the second stage of the Heckman model shown in Equation (3) is estimated to investigate the impact of financialization on the R&D investment level of the listed manufacturing companies:


    R &  D  it   =  β 0  +  β 1  F i  n  i , t − 1   +  β 2  G o  v  i , t − 1   +  β 3  S  A  i t   +  β 4  S i z  e  i t   +  β 5  A g  e  i t       +  β 6  P r  o  i t   +  β 7  S t  r  i t   +  β 8  C a  p  i t   +  β 9  C a s  h  i t   +  β  10   Y e a  r  i t   +  β  11   I n d u s t r  y  i t       +  β  12   T y p  e  i t   +  β  13   T e c h n i q u  e  i t   +  β  14   D i s t r i c  t  i t   + η  λ  i t   +  μ  i t      



(3)







In Equation (3), the explained variable of R&D represents the R&D investment intensity. In terms of control variables, it should be noted that the control variables we set in Equations (1) and (3) are different. Specifically, in Equation (1), the financing constraint Credit is a dummy variable, while in Equation (3), it is reflected in the form of a continuous variable of the SA index. This is because if the sets of explanatory variables used in the two equations are identical, λ may be highly related to the explanatory variable set Xi2 in the second-stage equation, resulting in the problem of multi-collinearity.



In addition, it is also worth mentioning that if λ in Equation (3) is significantly different from 0, it indicates a sample selection bias in the model, and a consistent estimation can be obtained using the Heckman selection model. However, if it is not significantly different from 0, it indicates the absence of a sample selection bias meaning the use of the OLS estimator is reasonable. At this time, the OLS method can be used to investigate the impact of financialization on the R&D investment intensity of enterprises by estimating Equation (3). According to the above discussion, financialization brings both a reservoir effect and crowding-out effect respectively to the R&D investment of enterprises. Some scholars believe that a moderate level of financialization is more conducive to improving corporate R&D investment. In this study, Fin2 (i.e., the quadratic term of Fin) is introduced in both stages of the Heckman model to investigate the potential non-linear impact of finalization on the R&D investment of manufacturing enterprises. The specific models are set as follows:


    P ( r  d  i t   = 1 ) =  α 0  +  α 1  F i  n  i , t − 1   +  α 2  F i  n 2     i , t − 1   +  α 3  G o  v  i , t - 1   +  α 4  C r e d i  t  i t   +  α 5  S i z  e  i t       +  α 6  A g  e  i t   +  α 7  P r  o  i t   +  α 8  S t  r  i t   +  α 9  C a  p  i t   +  α  10   C a s  h  i t   +  α  11   Y e a  r  i t       +  α  12   I n d u s t r  y  i t   +  α  13   T y p  e  i t   +  α  14   T e c h n i q u  e  i t   +  α  15   D i s t r i c  t  i t   +  v  i t      



(4)






    R &  D  it   =  β 0  +  β 1  F i  n  i , t − 1   +  β 2  F i  n 2     i , t − 1   +  β 3  G o  v  i , t − 1   +  β 4  S  A  i t   +  β 5  S i z  e  i t   +  β 6  A g  e  i t       +  β 7  P r  o  i t   +  β 8  S t  r  i t   +  β 9  C a  p  i t   +  β  10   C a s  h  i t   +  β  11   Y e a  r  i t   +  β  12   I n d u s t r  y  i t       +  β  13   T y p  e  i t   +  β  14   T e c h n i q u  e  i t   +  β  15   D i s t r i c  t  i t   + η  λ  i t   +  μ  i t      



(5)







In order to verify the moderating effect of government subsidies on the relationship between financialization and the R&D investment of manufacturing enterprises, this paper further introduces Fin × Gov, the interaction term of financialization and government subsidies into the econometric models, and the following empirical models are constructed:


    P ( r  d  i t   = 1 ) =  α 0  +  α 1  F i  n  i , t − 1   +  α 2  G o  v  i , t - 1   +  α 3  F i  n  i , t − 1   × G o  v  i , t − 1   +  α 4  C r e d i  t  i t   +  α 5   Size  it       +  α 6  A g  e  i t   +  α 7  P r  o  i t   +  α 8  S t  r  i t   +  α 9  C a  p  i t   +  α  10   C a s  h  i t   +  α  11   Y e a  r  i t   +  α  12   I n d u s t r  y  i t       +  α  13   T y p  e  i t   +  α  14   T e c h n i q u  e  i t   +  α  15   D i s t r i c  t  i t   +  v  i t      



(6)






    R &  D  it   =  β 0  +  β 1  F i  n  i , t − 1   +  β 2  G o  v  i , t − 1   +  β 3  F  in  i , t − 1   × G o  v  i , t − 1   +  β 4  S  A  i t   +  β 5   Size  it       +  β 6  A g  e  i t   +  β 7  P r  o  i t   +  β 8  S t  r  i t   +  β 9  C a  p  i t   +  β  10   C a s  h  i t   +  β  11   Y e a  r  i t   +  β  12   I n d u s t r  y  i t       +  β  13   T y p  e  i t   +  β  14   T e c h n i q u  e  i t   +  β  15   D i s t r i c  t  i t   + η  λ  i t   +  μ  i t      



(7)








3.2. Data


Due to the introduction of new accounting standards in 2007, China Securities Regulatory Commission began to require listed companies to publicly disclose R&D data and to use the fair value method to measure their financial assets. Therefore, this paper selects China’s Shanghai-Shenzhen A-share manufacturing listed companies from 2007 to 2018 for research purposes. In order to ensure the reliability of the empirical analysis results, this paper refers to Orhangazi [17], Demir [18], Tori and Onaran [23] to screen the sample as follows. (1) Samples with missing data, obvious errors, and singular values are eliminated. (2) For the accuracy of financial data, ST and PT companies are excluded. (3) Abnormal samples such as negative owners’ equity or an asset-liability ratio greater than 1 are excluded. In order to reduce the interference of extreme values on the regression results, we winsorize the continuous variables, besides the enterprise age, at 1% and 99%. After screening and manual sorting, 11,416 sample observations are obtained. The data of financial assets and detailed items are obtained from the CSMAR database; data of long-term equity investment, investment income, financial expenses, and other current assets are acquired from the notes of the listed companies, and some missing data are obtained via manually collecting and sorting the annual financial reports that are publicly disclosed by the listed companies disclosure; government subsidy data has been found from the Wind database, and the R&D investment data are from the Flush database.




3.3. Variable Definition


	
Explained variable






The explained variable in this paper is the corporate R&D investment level (R&D). Referring to Hall [46], Piga and Atzeni [47], and Czarnitzki et al. [48], the R&D investment intensity is measured by the ratio of the R&D expenditure to the main business income of the enterprise.



	2.

	
Core explanatory variable and moderating variable







The core explanatory variable is the corporate financialization level (Fin). Following Orhangazi [17] and Demir [18], this paper measures the financialization level of an enterprise based on the proportion of its non-monetary financial assets to its total assets, which can more intuitively reflect its financialization operation. The financial assets in the balance sheet of listed companies mainly include net loans and advances, net trading financial assets, net short-term investment, net financial assets available for sale, net derivative financial investment, net held-to-maturity investment, net long-term equity investment, and net investment real estate. It is worth noting that the monetary funds and receivables held by enterprises also belong to financial assets, but their main purpose is to maintain the production and operation activities of the enterprise, and it is not easy for them to bring capital appreciation to enterprises. Through the principle of conservatism, this paper attributes monetary funds and receivables to the factor of business purposes, and they are therefore not included in the measurement range of the financial assets. In addition, according to Krippner [7] and Demir [18], the real estate industry and the traditional financial industry are classified within the pan-financial sector. From the perspective of China’s reality, with the prosperity of the real estate market, the price of real estate is affected by money supply, stock price, and interest rates. Investments in real estate have gradually become a specific financial asset and should be defined as such. Therefore, the specific calculation formula of financial assets is: total financial assets = net loans and advances + net trading financial assets + net financial assets available for sale + net derivative financial assets + net held-to-maturity investment + net long-term equity investment + net investment real estate



The moderating variable is the government subsidy intensity (Gov). According to the research of Link [49], Lach [50], and Czarnitzki et al. [48], it is generally measured by indicators such as government subsidy and tax incentives. Considering the availability of data, this paper follows the research of Wang [51] and uses the subject of “government subsidy” in the notes of the financial statements of the listed enterprises to characterize the scale of government subsidies. Accordingly, the intensity of a government subsidy is expressed as the ratio of government subsidy to the primary business income of enterprises.



	3.

	
Control variables







In accordance with the literature review, the selection of main control variables in this study and their measurement will be introduced as follows.



Financing constraints. It is generally believed that R&D investment is more susceptible to financing constraints due to the large capital demand and uncertain returns. In this paper, enterprise financial indicators that are related to financing constraints are selected to measure the financing constraint index, after which the relative financing constraint degrees of enterprises are qualitatively divided. The idea of quantitative measuring financing constraints originates from the research of Kaplan and Zingales [52], who qualitatively classify the financing constraint levels of enterprises according to the financial status of limited samples and uses the rating results as the dependent variable of, regression with related enterprise characteristic variables to construct the financing constraint index. The financing constraint index is applied to the large sample to approximate the relative financing constraint degree of enterprises. Representative measures that reflect the relative financing constraint degree of enterprises include the KZ Index [53], the WW Index [54], and the SA Index [55]). However, considering that the KZ index and the WW index are mutually determined by variables such as cash flow and capital structure, the above indexes may have endogenous problems. Yasuda [56] believes that the size and the age of enterprises are important variables affecting enterprise financing constraints, and the exogenous variables constituting the SA index, such as size and age of enterprises, do not vary much over time. Therefore, the SA index is selected in this paper to quantitatively describe the degree of financing constraints.


  S A = − 0.737 × S i z e + 0.043 × S i z  e 2  − 0.04 × A g e  



(8)







Additionally, the dummy variable of Credit in the first stage equation is constructed by the median of the SA index. Specifically, if the SA index of an enterprise is greater than the median value, this indicates low financing constraints, and the value of Credit is 1; otherwise, it is 0.



Enterprise size. Enterprise size is an important factor influencing corporate R&D investment. Existing studies have two primary viewpoints on the relationship between them. One view is that enterprise size has a positive impact on R&D investment. This is because the level of investment in the early stage of R&D has an effect of scale economies. Relatively large enterprises have resource advantages and a basis for innovation, making them more inclined to invest in R&D, whereas small enterprises face financing constraints and limited risk-taking ability, so they do not have an inclination towards R&D investment [57,58]. Meanwhile, studies such as those of Ciftci and Cready [59], Villard [60], Braga and Willmore [61], and Cohen and Klepper [57] also reveal that the larger an enterprise is, the more likely it is to innovate. The other view is that small enterprises have greater flexibility in their internal operation mechanisms and a greater enthusiasm for R&D investment, so a negative correlation between enterprise size and R&D investment exists. In this paper, we use “total assets” as a proxy variable for the enterprise size.



Enterprise age. At present, there is no consensus on the influence of enterprise age on R&D investment. On the one hand, studies such as those of Rosenbloom and Christensen [62], Sorensen and Stuart [63] believe that enterprises with a longer operation time possess a more developed production process, and are able to monitor the latest technological achievements in real time, so they conduct more R&D activities and are more likely to invest in R&D. On the other hand, researchers such as Ranger [64] and Yasuda [56] hold that there is a negative correlation between enterprise age and R&D investment. The enterprises that have been operating for a longer period have insufficient vitality to adapt to innovation activities due to their outdated strategies, single business model, and reluctance to adapt to innovations. New enterprises that open the market are more willing to adopt advanced machine equipment as well as innovative and efficiently implement the management organization model, so their willingness to innovate is stronger. The enterprise age is assigned by the difference between the observation year and the year the enterprise was established.



Profitability. An enterprise’s profitability is an important capital guarantee for R&D activities [46]. The higher the profit level of an enterprise, the more funds available to purchase advanced equipment and introduce new technologies to engage in innovation activities. At the same time, enterprises with stronger profitability are more competitive in the market, which is more conducive to the development of corporate R&D activities. This paper uses the operating rate of return, which is the net profit divided by total operating income, to measure the profitability of enterprises.



Capital structure. The capital structure of an enterprise reflects its financial resource strength and operating status. The more debt an enterprise accrues, the higher the default risk is, the higher the financing constraint is, and the more limited its R&D investment is [65]. This paper adopts the asset-liability ratio of enterprises, that is, the ratio of total liabilities to total assets to measure the capital structure.



Capital intensity. Capital-intensive enterprises tend to adopt advanced technology and equipment and attract more highly skilled workers, so they are more likely to carry out R&D activities. This paper uses the ratio of net fixed assets to total assets to measure capital intensity.



Cash flow. Corporate R&D activities require abundant cash flow as the basis of investment. Cash flow is used to identify the internal financing channels of enterprise innovation. This paper uses the ratio of net cash flow from business activities to total assets to measure cash flow.



The specific variable definitions and explanations are shown in the Table 1 below.




3.4. Descriptive Statistics and Correlation Analysis


According to the descriptive statistics in Table 2, the average R&D investment intensity of China’s manufacturing listed enterprises is 3.32%, slightly higher than the median value (2.86%). It can be seen that a small number of enterprises have relatively high R&D investments. The mean value of government subsidies is 1.05%, which is around 3 times the median value, and the maximum value is 3.49%, indicating that large government subsidies are provided to some enterprises. The mean value of corporate financialization is 2.80%, and the median value is 0.58%. It can be seen that the financialization distribution is skewed to the right, and the financialization degree of sample enterprises is not overly prominent on the whole. However, there are great differences in the degree of financialization among different types of enterprises, and the maximum value of 74% indicates that a small number of non-financial listed companies in China have a relatively high degree of financialization.



As can be seen from the correlation coefficient matrix in Table 3, the coefficients of other variables are all below 0.6, except for the correlation coefficient between the SA index and enterprise size, indicating that a serious multi-collinearity problem does not exist. In addition, the correlation coefficient between financialization and the R&D investment of manufacturing enterprises is −0.0180, which is statistically significant at the significance level of 5%. Therefore, there is a significantly negative correlation between financialization and the R&D investment of manufacturing enterprises, which preliminarily confirms the inhibitory effect of financialization on R&D investment in Hypothesis 1. Further rigorous verification will be performed through the econometric analysis below.





4. Results and Analysis of the Impact of Financialization on Corporate R&D Investment


In this section, we will use the Heckman two-step approach to empirically examine the impact of financialization on the R&D investment of Chinese manufacturing companies and then further analyze its heterogeneous effect under different samples.



4.1. Results and Analysis of the Full Sample


Based on the full sample data of China’s A-share manufacturing listed companies, this paper uses the Heckman’s two-step approach to investigate the impact of corporate financialization on manufacturing R&D investment. This paper also presents the results with the OLS for comparison. As shown in Columns 2 and 3 of Table 4, at a significance level of 10%, financialization has a significantly negative impact on the R&D investment of manufacturing enterprises, whether for the full sample or only considering the samples for which the R&D investment is greater than 0. However, according to the results of Heckman’s two-stage procedure shown in Columns 4 and 5, the coefficient of the inverse Mills’ ratio (lambda) is 0.0495, which is statistically significant at the 1% level. This demonstrates the existence of a selectivity bias and reinforces the necessity of using the Heckman’s two-step approach.



According to the results of the first-stage Probit regression reported in Column 4 of Table 4, the coefficient of Fin is significantly negative at the significance level of 1%, indicating that financialization will reduce the probability of China’s manufacturing enterprises engaging in R&D investment. The results of the second-stage equation indicate that the effect of financialization on the R&D investment intensity of manufacturing enterprises is also significantly negative, further confirming that the extension of corporate financialization will inhibit China’s manufacturing R&D input. In addition, it is worth noting that the estimated coefficient of Fin is −0.057, for which the absolute value is significantly greater than that of the OLS estimator, reflecting that the OLS estimates may underestimate the inhibiting impact of financialization on the R&D investment intensity of manufacturing enterprises.



In order to investigate the possible non-linear effect of financialization on the R&D investment of manufacturing enterprises, Fin2, the square term of financialization, is incorporated in the econometric model. Since the estimated coefficient of an inverse Mills’ ratio is significantly negative at the 1% significance level, it is necessary to use Heckman’s two-step procedure to correct the sample selection bias. From the estimated results in Columns 6 and 7 of Table 4, it can be seen that the coefficients of Fin2 are not significant, no matter in the first-stage equation or the second-stage equation. This shows that a U-shaped or inverted U-shaped relationship between corporate financialization and the R&D investment does not exist. Therefore, financialization exerts a negatively linear impact on China’s manufacturing R&D investment. As a result, Hypothesis 1 is confirmed.



Regarding the control variables, as shown in Columns 4 and 5 of Table 4, the coefficient of Size is significantly positive in the first-stage equation, but insignificant in the second-stage equation. This shows that the larger the enterprise size, the higher the propensity to invest in R&D, but enterprise size exerts no significant difference in the R&D investment intensity. The coefficients of Age are significantly negative in both the first-stage and second-stage equations, reflecting that newly established enterprises have more innovation vitality. An enterprise’s profitability has no significant impact on R&D propensity, but it does have a significantly negative impact on the corporate R&D investment intensity, which does not align with what we would expect based on economic theory. This may be attributed to the fact that many enterprises with high-profit levels belong to industries such as the energy industry, for which the market monopoly is apparent, while they lack the motivation for technological innovation. The asset-liability ratio has a significantly negative effect on both the R&D propensity and the R&D investment intensity of manufacturing enterprises. This is because the higher the asset-liability ratio of an enterprise is, the greater the operating risk presented for the enterprise, thereby lowering the ability of the enterprise to conduct high-risk and long-term R&D activities. The coefficient of Cap is not significant in the first-stage equation, but significantly negative in the second-stage equation. This may be explained by the fact that enterprises with high capital intensity generally belong to monopolistic industries and have less of an incentive to engage in R&D activities due to their monopoly profits [5]. The impact of cash flow on R&D propensity is insignificant, but it has a significantly positive impact on R&D investment intensity, reflecting the important role of sufficient cash flow in corporate innovation activities. With respect to financing constraint, we find that both the coefficients of Credit and SA are insignificant in the first-stage and second-stage equations respectively, indicating that financing constraint do not significantly effect corporate R&D input.




4.2. Results and Analysis under Sample Differences


In order to investigate whether differences, in the impact effects of financialization on the R&D investment of different types of enterprises, exist, this paper further conducts an empirical analysis based on the heterogeneous samples in terms of enterprise ownership type, industry, region, and financing constraints. Specifically, we first consider whether the coefficient of an inverse Mills’ ratio is statistically significant based on Heckman’s two-step approach. If it is statistically significant, the Heckman selection model is used to estimate Equations (1) and (3); if it is not significant, the OLS estimator is employed to estimate Equation (3). The results regarding the linear effect of corporate financialization on R&D investment under sample differences are shown in Table 5.



As can be seen from the results in Columns 2 and 3 in Table 5, for state-owned enterprises, the inverse Mills’ ratio in the Heckman selection model is significant at the significance level of 1%, indicating that the Heckman two-stage method should be used to correct the sample-selection bias. However, it is insignificant in non-state-owned enterprises (non-SOEs). We thus estimate the impact of financialization on R&D investment intensity of non-SOEs using the OLS estimator. It is clear thar, the estimation coefficients of Fin are less than 0 for both the SOEs and non-SOEs, and they are statistically significant at the 1% significance level, indicating that financialization has a restraining effect on the R&D investments of both SOEs and non-SOEs in China’s manufacturing industry. However, the absolute value of the estimated coefficient of Fin in SOEs is 0.0664, which is larger than that in non-SOEs, reflects that the inhibition effect of financialization is more prominent in SOEs. As analyzed above, compared with non-SOEs, SOEs experience less capital pressure in production and operation, and their business operators often demonstrate “short-sighted” behaviors of focusing on short-term operating performance. They have greater motivation for financial arbitrage, and the negative impact of financialization on the R&D investment of SOEs is greater. Given the above, Hypothesis 2 is confirmed.



Next, according to the “Catalog for High-technology Industries Statistics Classification” released by the National Bureau of Statistics of China, this paper classifies the sample enterprises into high-tech enterprises or non-high-tech enterprises. As can be seen from the statistical significance test results of the inverse Mills’ ratio in Columns 4 and 5 of Table 5, for non-high-tech enterprises, it is necessary to employ the Heckman selection model to correct the sample selection bias, while for high-tech enterprises, the OLS method can be used directly. The results show that financialization inhibits the R&D investment of enterprises in both high-tech and non-high-tech industries, and the coefficients of Fin are −0.0461 and −0.0467 in high-tech enterprises and non-high-tech enterprises, respectively. The inhibition effect of financialization on the R&D investment of enterprises in the high-tech industry is slightly less than that of enterprises in the non-high-tech industry. This is primarily because, compared with enterprises in non-high-tech industries, enterprises engaged in high-tech innovation activities can obtain innovation returns, so their motivation to engage in financial arbitrage is relatively weak; thus, the R&D inhibition effect of financialization is also less significant. The empirical results of this paper also support the validate the relevance of Hypothesis 2.



Due to the major differences in the level of economic and social development among different regions in China, this paper further investigates whether there are differences in the impact of financialization on the R&D investment of manufacturing enterprises for different locations. According to the province where the enterprise is registered, the sample enterprises are classified as the eastern coastal region and the central and western inland region according to the classification standard of the National Bureau of Statistics. Because the inverse Mills’ ratios are statistically significant for different regions, we use Heckman’s two-step approach to correct the sample selection bias. The results shown in Columns 6–9 of Table 5 indicate that in both the first-stage and second-stage equations, the coefficients of Fin are significantly negative in both the eastern and central and western regions, reflecting that financialization has a significant inhibitory effect on R&D investments for the manufacturing enterprises of different regions. In terms of the estimated coefficient, in the first-stage equation, the coefficient of Fin in the central and western region is −3.052, which is 1.38 times of that in the eastern region (−2.025), indicating that financialization has a more prominent negative impact on corporate R&D propensity in the central and western regions. This may be because the enterprises in the eastern region possess stronger innovation consciousness and attach greater importance to the role of innovation in improving enterprise competitiveness; thus, the negative impact of financialization on corporate R&D propensity in the eastern region is relatively less than that of the western and central regions. However, in the second-stage equation, the coefficient of Fin in the eastern region (−0.108) is around twice that of the central and western regions (−0.0554), making the inhibition effect of financialization on the R&D investment intensity of enterprises in the eastern region particularly evident. This is mainly due to the better operating conditions and profitability of enterprises in the eastern region, and the more developed financial market in the eastern region, the stronger willingness of enterprises to make a financial investment, as a result of which financialization has a more significant crowding-out effect on the level of R&D investment. These findings also largely support Hypothesis 2.



In order to investigate whether there differences exist between the impact of financialization on the R&D investment among enterprises with different degrees of financing constraints, this paper divides the samples into high financing constraint enterprises and low financing constraint enterprises according to the dummy variable, Credit. According to the statistical significance test results of the inverse Mills’ ratio in Columns 10 and 11 of Table 5, the Heckman selection model and the OLS method are used to estimate the effect of financialization on the R&D investment intensity of enterprises with low financing constraints and high financing constraints, respectively. It is found that financialization has a significantly negative impact on the R&D investment of enterprises with high financing constraints, but it is not statistically significant in enterprises with low financing constraints. Enterprises with low financing constraints can obtain more funds at a lower cost, and the free cash flow is relatively sufficient, so they both maintain the long-term progress of innovation activities and allocate more financial assets. The crowding-out effect of R&D investment by financialization is not significant. However, the ability of enterprises with high financing constraints to obtain external funds is limited, and the internal funds cannot ensure the long-term development of innovation activities, so they tend to make short-term financial investments to obtain high returns; thus, the financial arbitrage depletes the R&D funds. Considering these factors, the inhibitory effect of financialization on the R&D investment of enterprises with high financing constraints is quite evident. Therefore, the relevant discussion in Hypothesis 2 has been confirmed.



In order to further investigate whether a non-linear relationship between corporate financialization and R&D investment exists, this paper incorporates the square term of financialization into the econometric model under sub-samples, and the estimated results are presented in Table 6. As can be seen from Table 6, the estimated coefficient of Fin2 is not statistically significant in all cases, which further indicates that a non-linear impact of financialization on the R&D investment of China’s manufacturing enterprises does not exist.





5. Results and Analysis of the Moderating Effect of Government Subsidies on the Relationship between Corporate Financialization and the R&D Investment


This section will focus on investigating the role of government subsidies in moderating the financialization–R&D investment relationship by estimating Equations (6) and (7). According to the estimated results in Table 7, the inverse Mills’ ratio is statistically significant at the 1% significance level, so the Heckman selection model is used to correct sample selection bias. The coefficient of Fin × Gov (i.e., the interaction term between financialization and government subsidies) is insignificant in the first-stage equation, but significantly negative in the second-stage equation, indicating that government subsidies deepen the crowding-out effect of financialization on the R&D investment intensity of manufacturing enterprises. In other words, for enterprises with greater government subsidies, the inhibition effect of financialization on their R&D investment is more evident. As discussed above, obtaining government subsidies can alleviate the capital constraint of corporate R&D investment to a great extent, thus forming a reservoir effect for the R&D. However, due to the imperfect intellectual property protection system in China, it is difficult to ensure that enterprises can effectively obtain high profits from innovation. At the same time, the ex-post capital supervision mechanism following the granting of government subsidies is not perfect. Many enterprises will invest a large amount of government subsidies in financial assets so as to obtain profits in a short period, thereby neglecting innovation projects with a long cycle for the purpose of arbitrage. In this context, government subsidies will expand the crowding-out effect of corporate financialization on manufacturing R&D investment. Therefore, Hypothesis 3 is verified.



In the sub-sample studies, the statistical significance of the inverse Mills’ ratio is initially tested, and then an appropriate approach is selected to conduct a comparative analysis of the moderating effect of government subsidies on the relationship between financialization and R&D investment. As can be seen from Columns 2 and 3 in Table 8, the estimated coefficient of Fin × Gov is less than 0 for both the SOEs and non-SOEs, although it is only statistically significant in non-SOEs. Compared to non-SOEs, government subsidies for SOEs are supervised and controlled by the government to a greater extent, so SOEs are less likely to use government subsidies for financial arbitrage. This also explains, to a large extent, why the negative moderating effect of government subsidies on the relationship between financialization and R&D investment is significant only in non-SOEs.



Columns 4 and 5 in Table 8 show the estimated results of high-tech and non-high-tech enterprises. It can be found that under different sub-samples, government subsidies impart a negative moderating effect to the relationship between financialization and R&D investment, but the effect is only statistically significant in non-high-tech enterprises. As discussed above, compared with non-high-tech enterprises, high-tech enterprises can obtain high innovation returns by engaging in the innovation activities of new products and processes requiring a high technical level. Therefore, they are more likely to use government subsidies for R&D activities and have less motivation to use subsidies for financial arbitrage. Therefore, the negative moderating effect of government subsidies is not significant in non-high-tech enterprises.



According to the results in Columns 6–9 in Table 8, whether from the first-stage equation or the second-stage equation of the Heckman selection model, the coefficients of Fin × Gov are not statistically significant in the eastern region. In the central and western regions, the coefficient of Fin × Gov is insignificant in the first-stage equation, but significantly negative in the second-stage equation. This shows that government subsidies play a significant and negative moderating role in the impact of corporate financialization on the R&D investment in the central and western regions. In comparison, enterprises in the eastern region have a relatively better institutional environment, higher government quality, and stricter government supervision regarding the purpose of obtaining subsidies; thus, they have weaker motivation to allocate government subsidies as financial assets to pursue profits. This may explain why the negative moderating effect of government subsidies is not significant to enterprises in the eastern region.



Columns 10–11 in Table 8 show the results for samples subject to different financing constraints. At the significance level of 1%, the coefficients of Fin × Gov are statistically significant under different financing constraints. However, the values are −2.996 and 3.725 for enterprises with low and high financing constraints, respectively. This indicates that the moderating effect of government subsidies is entirely different for these two sub-samples. As noted already, under the condition of high financing constraints, enterprises often rely on financial speculation to maintain their operations, which is likely to reduce their investment in R&D. However, government subsidies can effectively alleviate the capital gap of enterprises and reduce their dependence on financial speculation channels. In this context, government subsidies also reduce the restraining effect of financialization on the R&D investment of enterprises with high financing constraints. However, for enterprises with low financing constraints, government subsidies may further increase the funds provided for allocating financial assets due to their low financing costs and abundant liquidity, thus exacerbating the crowding-out effect of financialization on their R&D investment.



Based on the above analysis, Hypothesis 4 has also been confirmed.




6. Conclusions


Based on the data of China’s A-share manufacturing listed companies from 2007 to 2018, this paper mainly utilizes Heckman’s two-step approach to investigate the impact of corporate financialization on R&D investment, as well as to analyze the role of government subsidies in moderating the relationship between financialization-R&D investment. In addition, a heterogeneity analysis is also conducted for different ownership types, industries, regions, and financing constraints. The main conclusions are summarized as follows:



First, financialization has a significant inhibitory effect on the R&D investment of manufacturing enterprises, and government subsidies further exacerbate the negative impact of financialization. More specifically, this paper demonstrates that whether from the first-stage equation or the second-stage equation of the Heckman selection model, corporate financialization indicates a crowding-out effect on both corporate R&D propensity and R&D investment intensity in the manufacturing industry. At the same time, the interaction effects between government subsidies and financialization are significantly negative in the second-stage equation, reflecting that government subsidies further strengthen the inhibitory effect of financialization on corporate R&D investment intensity.



Second, there are differences in the statistical significance and influence sizes of the impact of financialization on the R&D investment under different types of enterprise ownership, industry, region, and degree of financing constraints. More specifically, except for the sub-samples of low financing constraint enterprises, corporate financialization has a significantly negative effect on the R&D investment in other heterogeneous samples. However, the impact intensities are different. Compared with non-SOEs, the negative effect of financialization on the R&D investment of SOEs is more obvious; compared with high-tech enterprises, the crowding-out effect of financialization is slightly higher in non-high-tech enterprises; compared with the enterprises in the central and western regions, the negative effect of financialization is more prominent in the eastern-region enterprises.



Third, the moderating effect of government subsidies on the relationship between financialization and R&D investment varies in the sign, statistical significance, and impact magnitude of the heterogeneous samples. Specifically, the negative moderating effect of government subsidies is statistically significant in non-SOEs, non-high-tech enterprises, and enterprises in the central and western regions, but it is insignificant in SOEs, high-tech enterprises, and enterprises in the eastern region. For enterprises with high financing constraints, government subsidies can significantly reduce the crowding-out effect of financialization on their R&D investments. Conversely, it intensifies the negative effect of financialization in enterprises with low financing constraints.



As mentioned above, the literature rarely focuses on the relationship between financialization and the R&D investment of manufacturing enterprises, and the research conclusions are inconsistent. Using Heckman’s two-step approach, which resolves the potential sample selection bias, this paper found a linear negative relationship between financialization and the R&D investment of manufacturing enterprises, which is consistent with the research conclusions of Xu and Xuan [28], Seo et al. [6], and Su and Liu [29], but different from those of Pan and Wang [30] and Li et al. [31]. On this basis, through the innovative introduction of government subsidies in the analysis, this paper provides new insights, in that government subsidies have a negative moderating effect for the relationship between financialization and the R&D investment of manufacturing enterprises. Finally, this paper also shows that under the sample difference, the effect of financialization on the R&D investment of manufacturing enterprises and the moderating effect of government subsidies in the relationship between the two are heterogeneous. These significant research conclusions are conducive to a more developed understanding of the relationship between financialization and the R&D investment of manufacturing enterprises.



The research findings of this paper have clear policy implications. On the one hand, the government should guide manufacturing enterprises to correctly deal with the relationship between financial investment and main business development purposes and to reduce short-term financial speculation, avoiding an excess of financial investment in R&D investment, which will affect the sustainable development of enterprises. On the other hand, in the context of the rising financialization of China’s manufacturing industry, the government should strength the ex-post fund supervision after enterprises have received government subsidies, so as to avoid magnifying the crowding-out effect of financialization on corporate R&D investment. Additionally, the government should implement differentiated subsidy strategies according to enterprise attributes. It is highly necessary to increase the subsidies afforded to enterprises with high financing constraints.



As part of future research, given the current situation that China’s manufacturing industry is facing with increasing resource and environmental constraints, increasing the level of green investment and green funds for enterprises is highly important for the sustainable development of China’s manufacturing industry. The determinants of green investment of enterprises have also attracted great interest in academic circles [66,67,68]. As the financialization trend of Chinese manufacturing enterprises is becoming more and more apparent, the topic should be afforded further study so as to investigate the impact of financialization on green investment in the manufacturing industry.
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Figure 1. The scheme of methods and steps of the Heckman’s two-step approach. 






Figure 1. The scheme of methods and steps of the Heckman’s two-step approach.



[image: Sustainability 13 12633 g001]







[image: Table] 





Table 1. Variable definition and calculation.






Table 1. Variable definition and calculation.





	
Variable Type

	
Variable Name

	
Variable Symbol

	
Variable Definition and Calculation






	
Explained variable

	
R&D investment intensity

	
R&D

	
R&D expenses/total operating income




	
Explanatory variable

	
The level of financialization

	
Fin

	
Financial assets/total assets




	
Moderating variable

	
Government subsidy intensity

	
Gov

	
Government subsidies/total operating income




	
Control variable

	
Financing constraints

	
Credit

	
Dummy variable. With the median of SA index as the boundary, greater than the median means low financing constraints, and Credit is 1; otherwise, 0




	
Financing constraint index

	
SA

	
   S A = − 0.737 × S i z e + 0.043 × S i z  e 2  − 0.04 × A g e   




	
Enterprise size

	
Size

	
Natural logarithm of total assets




	
Enterprise age

	
Age

	
Sample year minus the establishment year of the enterprise




	
Enterprise profitability

	
Pro

	
Net profit/total operating income




	
Capital structure

	
Str

	
Total liabilities/total assets




	
Capital intensity

	
Cap

	
Net fixed assets/total assets




	
Cash flow

	
Cash

	
Net cash flow from operating activities/total assets




	
Year

	
Year

	
Dummy variable. The value is 1 if the enterprise belongs to the year; otherwise 0




	
Industry

	
Industry

	
Dummy variable with two digits of the industry code. It is set to 1 if it belongs to the industry; otherwise, it is set to 0




	
Ownership type

	
Type

	
Dummy variable. The value of state-owned enterprises is 1 and that of non-state-owned enterprises is 0




	

	
Technical type

	
Technique

	
Dummy variable. The value is 1 for high-tech enterprises and 0 for non-high-tech enterprises




	
Region

	
District

	
Dummy variable. The value is 1 for the eastern region enterprises and 0 for those in the central and western regions
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Table 2. Descriptive statistics of major variables.






Table 2. Descriptive statistics of major variables.





	Variable
	Obs
	Mean
	Standard Error
	Minimum
	Median
	Maximum





	R&D
	11,416
	0.0332
	0.0697
	0
	0.0286
	5.7290



	Fin
	11,416
	0.0280
	0.0605
	0
	0.0058
	0.7400



	Gov
	11,416
	0.0105
	0.0517
	0
	0.0037
	3.4920



	SA
	11,416
	−2.675
	0.5740
	−4.656
	−2.6720
	0.752



	Size
	11,416
	3.6090
	1.2170
	−1.7170
	3.4748
	8.9650



	Age
	11,416
	15.9700
	5.4970
	2
	16
	39



	Pro
	11,416
	0.0336
	2.5500
	−262.60
	0.0614
	34.2700



	Str
	11,416
	0.4590
	1.2170
	0.0071
	0.4258
	96.9600



	Cap
	11,416
	0.2400
	0.1430
	0.0002
	0.2111
	0.8620



	Cash
	11,416
	0.0455
	0.0730
	−1.0800
	0.0431
	0.8920
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Table 3. Correlation coefficient matrix of the main variables.
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	R&D
	Fin
	Gov
	SA
	Size
	Age
	Pro
	Str
	Cap
	Cash





	R&D
	1
	
	
	
	
	
	
	
	
	



	Fin
	−0.0180 **
	1
	
	
	
	
	
	
	
	



	Gov
	0.0700 ***
	−0.0170 *
	1
	
	
	
	
	
	
	



	SA
	0.0610 ***
	−0.0160 *
	0.0450 ***
	1
	
	
	
	
	
	



	Size
	−0.0590 ***
	−0.0450 ***
	−0.053 ***
	−0.9120 ***
	1
	
	
	
	
	



	Age
	−0.0290 ***
	0.1410 ***
	0.0070
	−0.5490 ***
	0.2000 ***
	1
	
	
	
	



	Pro
	−0.0190 **
	0.0050
	0.0120
	−0.0450 ***
	−0.0070
	0.0380 ***
	1
	
	
	



	Str
	−0.0270 ***
	−0.0130
	0.0020
	0.0430 ***
	0.0290 ***
	−0.0180 *
	−0.3730 ***
	1
	
	



	Cap
	−0.1090 ***
	−0.1770 ***
	−0.0020
	−0.0920 ***
	0.1040 ***
	0.0200 **
	0.0010
	0.0360 ***
	1
	



	Cash
	−0.0320 ***
	−0.0440 ***
	−0.0250 ***
	−0.0730 ***
	0.0780 ***
	0.0060
	0.0090
	−0.0480 ***
	0.1750 ***
	1







Note: *, **, and *** indicate statistically significant at the significance level of 10%, 5%, and 1%, respectively.
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Table 4. Results of the impact of financialization on corporate R&D investment.
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Variables

	
OLS

(The Full Sample)

	
OLS

(R&D > 0)

	
Heckman

(Linear Effect)

	
Heckman

(Linear Effect)

	
Heckman

(Non-Linear Effect)

	
Heckman

(Non-Linear Effect)




	
Equation (3)

	
Equation (3)

	
Equation (1)

	
Equation (3)

	
Equation (4)

	
Equation (5)






	
Fini,t−1

	
−0.0328 ***

	
−0.0364 **

	
−2.0220 ***

	
−0.0570 ***

	
−2.7360 ***

	
−0.0756 **




	
(0.0124)

	
(0.0147)

	
(0.3280)

	
(0.0154)

	
(0.7860)

	
(0.0304)




	
Fin2i,t−1

	

	

	

	

	
2.0190

	
0.0587




	

	

	

	

	
(2.0520)

	
(0.0797)




	
Govi,t−1

	
0.1270 ***

	
0.6520 ***

	
−0.7320 **

	
0.6270 ***

	
−0.7390 **

	
0.6280 ***




	
(0.0131)

	
(0.0300)

	
(0.3270)

	
(0.0296)

	
(0.3280)

	
(0.0296)




	
Credit

	

	

	
−0.0102

	

	
−0.0080

	




	

	

	
(0.0746)

	

	
(0.0746)

	




	
SA

	
0.0134 *

	
0.0086

	

	
0.0062

	

	
0.0065




	
(0.0078)

	
(0.0089)

	

	
(0.0089)

	

	
(0.0089)




	
Size

	
0.0006

	
0.0002

	
0.0677 **

	
0.0001

	
0.0675 **

	
0.0002




	
(0.0031)

	
(0.0035)

	
(0.0299)

	
(0.0035)

	
(0.0299)

	
(0.0035)




	
Age

	
−0.0007 *

	
−0.0006

	
−0.0712 ***

	
−0.0012 ***

	
−0.0707 ***

	
−0.0012 ***




	
(0.0003)

	
(0.0004)

	
(0.0055)

	
(0.0004)

	
(0.0055)

	
(0.0004)




	
Pro

	
−0.0008 ***

	
−0.0678 ***

	
−0.0123

	
−0.0679 ***

	
−0.0124

	
−0.0679 ***




	
(0.0003)

	
(0.0027)

	
(0.0369)

	
(0.0027)

	
(0.0369)

	
(0.0027)




	
Str

	
−0.0014 **

	
−0.0147 ***

	
−0.6740 ***

	
−0.0229 ***

	
−0.6700 ***

	
−0.0227 ***




	
(0.0007)

	
(0.0049)

	
(0.1110)

	
(0.0052)

	
(0.1110)

	
(0.0052)




	
Cap

	
−0.0063

	
−0.0285 ***

	
−0.1900

	
−0.0306 ***

	
−0.1990

	
−0.0309 ***




	
(0.0061)

	
(0.0070)

	
(0.1760)

	
(0.0071)

	
(0.1760)

	
(0.0072)




	
Cash

	
−0.0017

	
0.0462 ***

	
0.1420

	
0.0475 ***

	
0.1420

	
0.0476 ***




	
(0.0105)

	
(0.0124)

	
(0.3140)

	
(0.0126)

	
(0.3140)

	
(0.0126)




	
Year dummy

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Industry dummy

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Type

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Technique

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
District

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Constant

	
0.0435 ***

	
0.0551 ***

	
3.3090 ***

	
0.0693 ***

	
3.3110 ***

	
0.0696 ***




	
(0.0086)

	
(0.0101)

	
(0.2610)

	
(0.0101)

	
(0.2610)

	
(0.0101)




	
lambda

	

	

	
0.0495 ***

	
0.0486 ***




	

	

	
(0.0096)

	
(0.0096)




	
N

	
9635

	
8254

	
9635

	
9635








Note: Values in brackets are standard errors; *, **, and *** mean significant at the significance level of 10%, 5%, and 1%, respectively.
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Table 5. Results of the linear effect of financialization on corporate R&D investment under sample differences.
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Variables

	
Heckman

	
OLS

	
OLS

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
OLS




	
(SOEs)

	
(Non-SOEs)

	
(High-Tech)

	
(Non-High-Tech)

	
(Eastern Region)

	
(Eastern Region)

	
(Central & Western Regions)

	
(Central & Western Regions)

	
(Low Financing Constraint)

	
(High Financing Constraint)




	
Equation (3)

	
Equation (3)

	
Equation (3)

	
Equation (3)

	
Equation (1)

	
Equation (3)

	
Equation (1)

	
Equation (3)

	
Equation (3)

	
Equation (3)






	
Fini,t−1

	
−0.0664 ***

	
−0.0449 ***

	
−0.0461 ***

	
−0.0467 **

	
−2.0250 ***

	
−0.1080 ***

	
−3.0520 ***

	
−0.0554 **

	
−0.0282

	
−0.0306 ***




	
(0.0223)

	
(0.0173)

	
(0.0152)

	
(0.0220)

	
(0.3990)

	
(0.0403)

	
(0.6690)

	
(0.0250)

	
(0.0337)

	
(0.0089)




	
Control Variables

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Constant

	
0.0680 ***

	
0.0176

	
0.0533 ***

	
0.0635 ***

	
3.6860 ***

	
0.0895 ***

	
3.1560 ***

	
0.0640 ***

	
0.0789 ***

	
0.0247 **




	
(0.0121)

	
(0.0131)

	
(0.0113)

	
(0.0128)

	
(0.3980)

	
(0.0302)

	
(0.4200)

	
(0.0126)

	
(0.0298)

	
(0.0108)




	
lambda

	
0.0535 ***

	
0.0006

	
0.0077

	
0.0309 ***

	
0.1710 ***

	
0.0379 ***

	
−0.0765 ***

	
0.0003




	
(0.0091)

	
(0.0143)

	
(0.0152)

	
(0.0119)

	
(0.0258)

	
(0.0099)

	
(0.0169)

	
(0.0068)




	
N

	
3577

	
6058

	
2885

	
6750

	
6496

	
3139

	
4346

	
5289








Note: Values in brackets are standard errors; ** and *** mean significant at the significance level of 5% and 1% respectively.
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Table 6. Results of the non-linear effect of financialization on corporate R&D investment under sample differences.
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Variables

	
Heckman

	
OLS

	
OLS

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
OLS




	
(SOEs)

	
(Non-SOEs)

	
(High-Tech)

	
(Non-High-Tech)

	
(Eastern Region)

	
(Eastern Region)

	
(Central & Western Region)

	
(Central & Western Region)

	
(Low Financing Constraint)

	
(High

Financing Constraint)




	
Equation (5)

	
Equation (5)

	
Equation (5)

	
Equation (5)

	
Equation (4)

	
Equation (5)

	
Equation (4)

	
Equation (5)

	
Equation (5)

	
Equation (5)






	
Fini,t−1

	
−0.0996 **

	
−0.0634 *

	
−0.0564 *

	
−0.0529

	
−3.2610 ***

	
−0.1460 *

	
−4.5060 ***

	
−0.0951 *

	
−0.1040

	
−0.0194




	
(0.0441)

	
(0.0365)

	
(0.0311)

	
(0.0450)

	
(0.9460)

	
(0.0765)

	
(1.6930)

	
(0.0510)

	
(0.0759)

	
(0.0177)




	
Fin2i,t−1

	
0.1280

	
0.0521

	
0.0267

	
0.0219

	
3.1670

	
0.1190

	
4.5680

	
0.1490

	
0.2640

	
−0.0317




	
(0.1440)

	
(0.0907)

	
(0.0703)

	
(0.1440)

	
(2.4110)

	
(0.1920)

	
(4.9000)

	
(0.1640)

	
(0.2390)

	
(0.0434)




	
Control Variables

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Constant

	
0.0628 ***

	
0.0177

	
0.0534 ***

	
0.0638 ***

	
3.7600 ***

	
0.0908 ***

	
3.1580 ***

	
0.0644 ***

	
0.0844 ***

	
0.0202 ***




	
(0.0106)

	
(0.0131)

	
(0.0113)

	
(0.0129)

	
(0.3930)

	
(0.0288)

	
(0.4200)

	
(0.0126)

	
(0.0200)

	
(0.0067)




	
lambda

	
0.0524 ***

	
0.0012

	
0.0033

	
0.0317 ***

	
0.1630 ***

	
0.0370 ***

	
−0.0772 ***

	
0.0005




	
(0.0089)

	
(0.0143)

	
(0.0147)

	
(0.0119)

	
(0.0244)

	
(0.0099)

	
(0.0169)

	
(0.0068)




	
N

	
3577

	
6058

	
2885

	
6750

	
6496

	
3139

	
4346

	
5289








Note: Values in brackets are standard errors; *, **, and *** mean significant at the significance level of 10%, 5%, and 1%, respectively.
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Table 7. Results of the moderating effect of government subsidies.
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Variables

	
Equation (6)

	
Equation (7)






	
Fini,t−1

	
−2.0600 ***

	
−0.0408 **




	
(0.3390)

	
(0.0161)




	
Govi,t−1

	
−0.7580 **

	
0.6700 ***




	
(0.3390)

	
(0.0318)




	
Fini,t−1 × Govi,t−1

	
3.6480

	
−1.3360 ***




	
(8.6030)

	
(0.3900)




	
Control Variables

	
YES

	
YES




	
Constant

	
3.3110 ***

	
0.0686 ***




	
(0.2610)

	
(0.0101)




	
lambda

	
0.0482 ***

(0.0096)




	
N

	
9635








Note: Values in brackets are standard errors; ** and *** mean significant at the significance level of 5% and 1% respectively.
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Table 8. Results of the moderating effect of government subsidies under sample heterogeneity.
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Variables

	
Heckman

	
OLS

	
OLS

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
Heckman

	
OLS




	
(SOEs)

	
(Non-SOEs)

	
(High-Tech)

	
(Non-High-Tech)

	
(Eastern Region)

	
(Eastern Region)

	
(Central & Western Regions)

	
Central & Western Regions

	
(Low Financing Constraint)

	
(High

Financing Constraint)




	
Equation (7)

	
Equation (7)

	
Equation (7)

	
Equation (7)

	
Equation (6)

	
Equation (7)

	
Equation (6)

	
Equation (7)

	
Equation (7)

	
Equation (7)






	
Fini,t−1

	
−0.0614 **

	
−0.0288

	
−0.0383 **

	
−0.0186

	
−2.0900 ***

	
−0.1010 **

	
−2.7350 ***

	
−0.0238

	
0.0281

	
−0.0561 ***




	
(0.0261)

	
(0.0179)

	
(0.0159)

	
(0.0231)

	
(0.4470)

	
(0.0416)

	
(0.7190)

	
(0.0293)

	
(0.0356)

	
(0.0098)




	
Govi,t−1

	
0.6650 ***

	
0.6250 ***

	
0.5480 ***

	
0.7880 ***

	
4.8510 *

	
0.5530 ***

	
−0.8130 *

	
0.8260 ***

	
0.9960 ***

	
0.0930 ***




	
(0.0277)

	
(0.0576)

	
(0.0319)

	
(0.0545)

	
(2.5480)

	
(0.1260)

	
(0.4320)

	
(0.0289)

	
(0.0586)

	
(0.0101)




	
Fini,t−1 × Govi,t−1

	
−0.0045

	
−1.6790 ***

	
−0.8750

	
−2.0050 ***

	
11.1200

	
−0.5470

	
−23.2700

	
−2.4190 **

	
−2.9660 ***

	
3.7250 ***




	
(0.8600)

	
(0.4760)

	
(0.5560)

	
(0.4820)

	
(35.6300)

	
(1.0190)

	
(19.8500)

	
(1.2270)

	
(0.5820)

	
(0.5840)




	
Control Variables

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Constant

	
0.0675 ***

	
0.0167

	
0.0537 ***

	
0.0603 ***

	
3.6310 ***

	
0.0891 ***

	
3.1360 ***

	
0.0625 ***

	
0.0696 **

	
0.0196 *




	
(0.0120)

	
(0.0131)

	
(0.0113)

	
(0.0128)

	
(0.4020)

	
(0.0300)

	
(0.4210)

	
(0.0126)

	
(0.0298)

	
(0.0109)




	
lambda

	
0.0530 ***

	
−0.0012

	
0.0058

	
0.0279 **

	
0.1700 ***

	
0.0368 ***

	
−0.0819 ***

	
0.0011




	
(0.0089)

	
(0.0142)

	
(0.0149)

	
(0.0119)

	
(0.0256)

	
(0.0099)

	
(0.0168)

	
(0.0068)




	
N

	
3577

	
6058

	
2885

	
6750

	
6496

	
3139

	
4346

	
5289








Note: Values in brackets are standard errors; *, **, and *** mean significant at the significance level of 10%, 5%, and 1%, respectively.
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