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Abstract


Based on the financial data of listed companies in the core industries of the digital economy from 2010 to 2021, the moderating effect was used to analyze R&D investment, internal control, and enterprise performance. The empirical results show that for listed companies in the core industries of the digital economy, increasing R&D investment can help companies improve their performance. In addition, internal control positively impacts enterprise performance. Internal control acts as a moderating variable, negatively moderating R&D investment and enterprise performance. At low levels of internal control, an increase in R&D investment is associated with a more significant increase in firm performance than at high levels of internal control. Increasing investment in R&D is associated with a slower performance increase at high internal control levels. For companies in the core industries of the digital economy, there is no significant inverted ‘U’-shaped relationship between R&D investment and enterprise performance.
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1. Introduction


The digital economy is an economic activity that takes data resources as the key production factor, modern information networks as the critical carrier, and makes effective use of information technology to improve efficiency and optimize the economic structure. The digital economy plays a vital role in leading the high-quality development of the social economy. In his important speech at the 2020 APEC Economic Leaders’ Informal Meeting, President Xi Jinping pointed out that “the digital economy is the future development direction of the world”. In March 2021, the Outline of the 14th Five-Year Plan (2021–2025) for National Economic and Social Development and Vision 2035 of the People’s Republic of China emphasized: “accelerating digital development and building a digital China” and other contents. In 2021, the National Bureau of Statistics released the Statistical standard of Digital Economy and Core Industry Classification (2021), which identified the core industries of China’s data economy in five categories: digital product manufacturing, digital product service industry, digital technology application industry, digital factor driving industry, and digital efficiency improvement industry. The company—enterprise—firm construction mentioned in this paper all have the same meaning.



The White Paper on the Development of China’s Digital Economy in 2022, released by the Chinese Academy of Information and Communication Research, shows that the digital economy is becoming a key force in restructuring global factor resources, reshaping the global economic structure, and changing the global competition pattern. Digital economy enterprises need to constantly innovate and develop their products in a timely manner to achieve efficient results in order to improve enterprise performance and competitiveness. However, R&D investment is characterized by long periodicity and high risk, which may negatively impact enterprises’ performance. Due to different research industries, countries, durations, and measurement indicators, scholars at home and abroad have reached different conclusions on the relationship between R&D investment and enterprise performance. There is no unified conclusion on the relationship between R&D investment and enterprise performance in previous studies [1]. Most scholars believe that there is a positive correlation between R&D investment and enterprise performance. Other scholars have different views. For example, Zhang Jian et al. [2] analyzed the profitability and development ability, and found that the R&D activities of enterprises were significantly negatively related to enterprise performance in the same year and the following two years when enterprises carried out R&D. Luo Xiaofang et al. [3] believed that as the overall level of R&D personnel investment in China was low, and high-quality R&D personnel were scarce, the impact of personnel investment on corporate profits was not significant. Sun Zhiyuan et al. [4] determined that in the early stages of R&D investment, the funds invested have not formed obvious support. After the current period, the output of enterprises gradually increases, and the promotion of performance becomes more and more obvious. Therefore, it is necessary to specifically analyze the relationship between R&D investment and enterprise performance in the core industries of the digital economy.



Liu Xingpeng [5] believes that R&D investment does not simply promote or inhibit enterprise performance; rather, it is related to the strength of enterprise R&D investment. While enterprise performance may increase with the increase in R&D investment, when R&D investment reaches a particular value it decreases with increasing R&D investment. Belloc [6] pointed out that enterprise innovation requires the rational allocation of human, material, and other resources. Only efficient internal management can guarantee resource allocation, thus promoting innovation and performance development. Wang Yunchen et al. [7] believe that high-quality internal control can improve investment efficiency by influencing risks in the process of R&D investment, thus improving enterprise performance. Based on existing research, this paper discusses the relationship between R&D investment and enterprise performance in the core industries of the digital economy. It adds internal control as an adjusting variable in order to study whether the quality of internal control has a regulatory effect on R&D investment and enterprise performance [4].




2. Theoretical Analysis and Research Hypothesis


After studying the regulation effect theory in Zhu Zhenduo’s article [8], this paper engages in the following theoretical analysis and research hypothesis.



2.1. R&D Investment and Corporate Performance


According to Schumpeter, innovation plays a vital role in the development of enterprises and economic growth. Innovation can improve the business efficiency of enterprises and is the key condition to promote the economic growth of enterprises [9]. Zheng Ye et al. [10] believe that R&D investment can promote the innovation performance of high-tech enterprises. From the existing research literature about R&D investment and enterprise performance, it can be seen that most studies are based on the relationship between R&D investment and short-term performance. Innovation, periodic longer research and development results, and economic benefits are generated only after a gap in time from the R&D investment, and as such cannot be reflected in current enterprise performance in a timely way. Sun Zhiyuan et al. [4] believe that it takes a series of complex processes to transform the achievements of R&D and innovation into the actual productivity of enterprises; that is, the economic benefits brought by R&D investment to enterprises are not realized immediately. Wang Xi et al. [11] suggested that enterprise R&D investment in manufacturing industry was able promote enterprise innovation performance, while Yue Yujun et al. [12] indicated that there is a lag in the impact of R&D investment on business performance, which is more significant in the second lag period. Based on this, hypothesis 1 is proposed:



H1. 

R&D investment has a positive lag effect on improving enterprise performance.






2.2. Internal Control and Enterprise Performance


Internal control is an essential factor in the process of enterprise development, and directly affects the operating efficiency of enterprises. The high-quality internal control of a company can guarantee the quality of its financial disclosure to an extent [13], alleviate financing difficulties, and help to obtain more financial support for the investment and innovation of enterprises. In addition, it can optimize corporate governance ability and further improve innovation performance [14]. Zeng Jianzhong et al. [15] believe there is a positive correlation between internal control and corporate performance, and the improvement of internal control quality is conducive to improving corporate performance. Based on the above analysis, hypothesis 2 is proposed:



H2. 

Internal control has a significant positive impact on enterprise performance.






2.3. The Influence of Internal Control on R&D Investment and Enterprise Performance


Internal control and R&D activities have an ultimate unified goal: to optimize resource allocation and promote enterprise performance improvement [16]. However, there are many risks in transforming R&D investment into enterprise performance. Internal control, as one of the critical factors in the process of enterprise development, plays a specific regulating role. For enterprises in the core industries of the digital economy, the product replacement cycle is fast, and they need to keep researching and innovating to avoid being eliminated by the market. The stronger an enterprise’s internal control quality is, the more attention it pays to improving its operating efficiency. A good and lasting innovation ability guarantees the long-term sustainability of enterprise performance. Therefore, enterprises in this industry must enhance their operating performance by attaching importance to R&D investment. It is worth noting that spending too little on research and development may mean little for innovation; if the R&D investment is too significant, the R&D fails, or the return after the successful R&D is lower than the investment, this causes more significant risks to the enterprise. Therefore, enterprises need to improve their internal control quality and maintain R&D investment at a relatively appropriate level to improve enterprise performance. In addition, as R&D innovation may encounter difficulties, high-quality internal control can be carried out in advance to prevent and control issues or to respond effectively. Stronger quality of internal control means stronger the ability to cope with the risks incurred in research and development. Based on the above analysis, hypothesis 3 is proposed:



H3. 

When other conditions are controlled, the improvement of internal control quality significantly promotes the relationship between R&D investment and firm performance.






2.4. The Relationship between R&D Investment and Enterprise Performance Takes an Inverted “U” Shape


Liu Xingpeng [5] believes that R&D investment does not simply promote or inhibit enterprise performance; rather, it depends on the intensity of R&D investment. When R&D innovation is transformed into financial results, enterprise performance improves; however, risks accompany this. If an enterprise invests too much in research and development beyond the financial support that the enterprise can afford, or if the R&D personnel are not capable enough, the excessive investment may waste the excess funds, generate sunk costs, and lead to the decline of enterprise performance. Therefore, with increasing R&D investment, corporate performance increases only up to a certain amount, after which corporate performance decreases [17]. Based on the above analysis, hypothesis 4 is proposed:



H4. 

When other conditions are controlled, R&D investment is significantly correlated with firm performance, showing an inverted “U” shape.







3. Research Design


3.1. Sample Selection and Data Source


According to the Statistical Classification of Digital Economy and Core Industries (2021) and industry classification of Shanghai and Shenzhen Stock Exchanges, 266 enterprises in core industries of the digital economy listed in the Shanghai and Shenzhen stock exchanges from 2010 to 2021 are selected as research objects. In order to make the research conclusions more accurate, the specific research practices of Shi Junguo et al. [18] are referred to here. The original data are processed as follows. Considering the poor operating conditions of ST and ST * companies, extreme financial data may have a negative impact on the research results. To ensure the reliability of their research results, such companies are excluded. In addition, companies with insufficient research data are excluded. Although relevant indicators such as R&D personnel, number of patent applications, and government subsidies are closely related to R&D investment in this study, these data are excluded due to incomplete disclosure of these data. In order to avoid the uncertain impact of extreme values on the research results, Winsorizing tail processing of 1% and 99% of the data was carried out, and the data on enterprise performance and internal control were subjected to centralized processing [1]. The financial data are taken from the CSMAR financial database, Datayes, Cninfo, stock exchanges, etc. The internal control data adopt the DIB internal control index and Excel 2007 and SPSSAU for data processing.




3.2. Variable Selection


3.2.1. Explained Variables


Firm performance as the explained variable. Through our study of past literature, it was found that domestic and foreign scholars have different emphases on enterprise performance evaluation. When selecting enterprise performance evaluation indicators, foreign scholars tend to consider the perspective of shareholder return, usually selecting indicators such as economic value added (EVA), stock return, or Tobin’s Q value. However, when domestic scholars evaluate enterprise performance, they mostly start by accounting for profit, and mainly use ROA [1], ROE [19], operating revenue growth rate, and other indicators. To a certain extent, ROE can reflect the level of a company’s ability to obtain returns through the use of funds, while ROA is a comprehensive and comparable indicator that reflects the ability to obtain benefits through the use of all assets. Therefore, the ROA indicators adopted by Zhu Yan et al. [20], Yin Meiqun et al. [21], and Li Huaijian et al. [1] are referred to in this paper to reflect enterprise performance.




3.2.2. Explanatory Variables


The explanatory variable is R&D investment, and the proportion of enterprise R&D investment in operating revenue is selected as the index of enterprise R&D investment [22], which is denoted as R&D. Researchers such as Zhu Tao et al. [23] have used total assets to calculate the denominator in a variable calculation. However, we believe it is more accurate and detailed to use business income as the denominator for R&D input.




3.2.3. Adjusted Variables


The adjusted variable used in this paper is internal control. By referring to the relevant research of Yang Xudong et al. [17], the internal control index in the DIB database is selected to reflect the internal control quality of enterprises. The DIB, or internal control index, quantifies the country’s internal control and risk management. A higher DIB internal control index reflects better the quality of an enterprise’s internal control [24], and relevant institutions and academic circles have widely adopted it.




3.2.4. Control Variables


Enterprise scale can directly reflect the number of resources available to enterprises. Compared with small-scale companies, large-scale companies have enough resources to invest in innovation activities, and sufficient resources are conducive to effectively establishing an enterprise’s internal control system. In this paper, the natural logarithm of the company’s total assets at the end of the period is adopted to reflect the enterprise size [25]. The debt ratio is the ratio between the total liabilities at the end of the period and the total assets at the end, reflecting the proportion of liabilities in the company’s assets. Investment activities are risky, and high-tech enterprises need much investment; not all innovation activities can be successful. Therefore, companies with a high debt ratio may have a low appetite for risk and reduce their innovation activities, consequently affecting their innovation performance and facing worse financial risk [25]. Market position is represented by the Lerner index of individual stocks [26]; the formula for calculating the Lerner index of individual stocks is (operating revenue–operating cost–selling expense–administrative expense)/operating revenue. A larger Lerner index of individual stocks indicates greater strength of the enterprise, stronger pricing power within the industry, a lower level of competition, and a higher the market position. The growth of an enterprise is reflected by the growth rate of operating revenue, which is the ratio of the difference between the current period’s primary business revenue and the previous period’s primary business revenue [27]. Ownership concentration is one of the essential indicators used to measure the distribution status, stability, and governance structure of a company’s ownership. The measurement standard is usually the ownership ratio of major shareholders [28]. Here, the shareholding ratio of the largest shareholder of a company is selected as the index of ownership concentration.



There are other data, such as employee education level and other variables, which have not been completely collected due to issues such as information disclosure, and which have been excluded. See Table 1 for the symbols and description of variables.





3.3. Model Construction


In order to verify hypothesis H1, this paper selects as the research object enterprises’ R&D investment from 2011 to 2020 and the same enterprises’ performance from 2012 to 2021, and carries out an empirical analysis of enterprise performance lagged by one period. The constructed model is:


  ROA =  β 0  +  β 1  R & D +  β 2  Size +  β 3  Lev +  β 4  Growth +  β 5  Lerner +  β 6  Topshare +  θ   



(1)







In order to verify hypothesis H2, the model of internal control and enterprise performance is as follows:


  ROA =  β 0  +  β 1  R & D +  β 2  DIB +  β 3  Size +  β 4  Lev +  β 5  Growth +  β 6  Lerner +  β 7  Topshare + θ  



(2)







In order to verify hypothesis H3, the relationship between internal control on R&D investment and enterprise performance is modeled as follows:


  ROA =  β 0  +  β 1  R & D +  β 2  DIB +  β 3  R & D × D I B +  β 4  Size +  β 5  Lev +  β 6  Growth +  β 7  Lerner +  β 8  Topshare + θ  



(3)







In order to verify hypothesis H4, the inverted “U” relationship between R&D investment and enterprise performance is built as follows:


  ROA =  β 0  +  β 1  R & D +  β 2  R &  D 2  +  β 3  Size +  β 4  Lev +  β 5  Growth +  β 6  Lerner +  β 7  Topshare + θ  



(4)




where β0 is the constant term, and θ is the residual. β𝑖 for 𝑖 = 1, 2, …, n is the corresponding coefficient. This model applies when the subsequent enterprise performance is delayed for two periods as well.





4. Empirical Results and Analysis


4.1. Descriptive Statistics


According to the existing research, there is a large difference in the performance of non-financial enterprises listed in Shanghai and Shenzhen. Each enterprise pays a slightly different amount of attention to innovation input, with a few differences. According to the database from DIB, because many listed companies have major defects disclosed through active disclosure in internal control evaluation reports, internal control auditing opinions for opposing opinions lead to the internal control index being 0. At the same time, listed companies’ internal control index is close to 1000, showing that the internal control quality differs. This demonstrates that it is necessary to conduct targeted research on the impact of innovation input on enterprise performance.



A descriptive statistical analysis was conducted on the main variables, and the results are shown in Table 2. As can be seen from Table 2, there is little difference between the maximum internal control value of 6.779 and the minimum value of 5.674. At the same time, the total assets gap between enterprises in the new digital technology industry is large, and the standard deviation is 1.158, indicating that the strength gap between different enterprises is large. In the equity concentration index, the maximum value is 65.3% and the minimum value is 6.2%, indicating that the company’s largest shareholder has a large gap in the proportion of shares held, which may have a certain impact on the company’s decision-making. Among the growth rates of operating revenue, the minimum is −0.567, the maximum is 2.654, and the median is 0.124. It can be seen that the revenue growth of many enterprises in this paper is not very optimistic, and there is a phenomenon of decline.



Regarding the research of Yue Yujun [12] on two-period lagged data on the manufacturing industry, the data of the core industry of the digital economy lagged for two periods. In order to obtain the latest data, the variable time was selected from 2011 to 2021. However, in the case of two lag periods, because the enterprise performance data for 2022 are not yet available, the data for 2010–2019 were selected for other variables except for enterprise performance. The enterprise performance data of two lag periods is 2012–2021. Table 3 shows the descriptive statistical results of the two lag periods.




4.2. Correlation Analysis


In order to verify the impact of R&D investment on enterprise performance, this paper first conducts regression analysis on the first three hypotheses by taking the variables from 2011 to 2020 and the enterprise performance from 2012 to 2021, which is the lag period. Without distinguishing the industries of the digital core economic industry and controlling other variables unchanged, the adjustment effect analysis results of one period lag are shown in Table 4. It can be found from Model 1 that there is no significant correlation between R&D investment and enterprise performance, while there is a significant positive correlation between internal control and enterprise performance at the 1% level. The reason for this may be that for digital core economic industry enterprises, R&D spending to obtain effective results takes a long time; thus, there can continue to be a lag between R&D investment and enterprise performance. Furthermore, internal control decision-making may continue to impact corporate performance after a year. It is understandable that making decisions for the company that produce economic benefits may have a certain amount of lag.



A regression analysis of enterprise performance with two lag periods is conducted as well, with the results are shown in Table 5. It can be seen that R&D investment in Model 1 is significantly positively correlated with enterprise performance at 1%, meaning that hypothesis 1 is valid. In Model 2, the coefficient between internal control and enterprise performance is 0.075 and significant at the 1% level, meaning that hypothesis 2 is valid. In Model 3, R&D interaction with the internal control for 0.318, which is under the 5% level (a significantly negative correlation), indicating that the internal control of R&D investment and enterprise performance plays a negative role in regulating. Thus, hypothesis 3 can be disproven through a simple slope analysis based on the regulatory role of internal control, R&D input, internal control, and enterprise performance (see Figure 1). As can be seen from Figure 1, compared with a high level of internal control, under a low level of internal control enterprise performance increases more significantly with increasing R&D investment. Under a high level of internal control, there is an increase in R&D investment; however, the increase of corporate performance is slow. Ni Juan et al. [29] believe that high-quality internal control may restrict competent management from increasing R&D input, and overly strict internal control is not conducive to the management’s ability to play such a role. Under condition in which internal control is too strict, first, when the R&D invested in products cannot obtain the expected return, the return is less than the input. With internal control that is more strict, the formation of more severe shackles limits or delays management decisions. Companies cannot cut investment scale in time, leading to more R&D investment and lower enterprise performance. Second, if the company has limited financial resources, excessive investment in research and development can create a funding squeeze, resulting in insufficient investment in other more excellent projects. At this time, management is restricted by overly cumbersome and rigid rules and regulations in attempting to regulate investment more reasonably. In addition, with more organizational levels of authorization and approval and stricter supervision and restraint mechanisms, the speed of information transmission is slower. Under rapidly changing market environment and extreme competition conditions, strict internal control increases the possibility of information transmission loss and the disappearance of market opportunities; as a result, enterprises may miss opportunities, leading to low corporate performance.



The data with two lag periods are used to test hypothesis 4, and the regression results are shown in Table 6. The results show that the regression coefficient value of R&D investment is 0.045 (t = 1.002, p = 0.316 > 0.05), which means that R&D investment does not influence enterprise performance. The regression coefficient value of R&D investment squared is 0.060 (t = 0.518, p = 0.605 > 0.05), which means that R&D input squared does not influence enterprise performance. Regarding R&D investment and enterprise performance, there is no inverted “U” shaped relationship for hypothesis 4. Moreover, there is no significant correlation between R&D input and the variable after R&D input squared, while the VIF value is between 5–10. The regression coefficient of R&D input is 0.071 (t = 4.170, p = 0.000 < 0.01), meaning that R&D investment significantly impacts enterprise performance, which is consistent with hypothesis 1.




4.3. Robustness Test


In order to enhance the validity of the conclusion, we conduct the following robustness test.



4.3.1. Variance Expansion Factor Test


In order to avoid the problem of multicollinearity between variables, a variance inflation factor test was carried out for variables entering the model. The results are shown in Table 7, which shows that the VIF value is 1 and less than 3. Therefore, there is no multicollinearity among variables in the research model in this paper, indicating that the empirical regression analysis results have a certain robustness.




4.3.2. Replacing the Explained Variable


In China’s capital market, the prerequisite of Tobin’s Q value is sometimes difficult to achieve, as there may be situations in which Tobin’s Q value and the lag effect of cost adjustment cannot be accurately estimated [30]. Therefore, in order to ensure the results’ robustness, this paper uses the research method of replacing the dependent variable, as proposed by Yang Xiaoke et al. [31]. Furthermore, we take ROE instead of ROA as the measurement index of corporate performance to verify whether internal control has a moderating effect on R&D investment and corporate performance. The empirical results are shown in Table 8. There is a significant positive correlation between R&D investment and firm performance, with a lag effect. There is a significant positive correlation between internal control and firm performance. Internal control continues to moderates R&D investment and firm performance, although here it has a negative moderating effect. Table 9 shows the test of the inverted U-shaped relationship between R&D investment and the replacement variable ROE, which is consistent with the previous test results in not showing an inverted U-shaped relationship.






5. Discussion


For enterprises in the core industries of the digital economy, research on the relationship between R&D investment and enterprise performance shows that increasing R&D investment can help enterprises improve their performance. Internal control can have a positive impact on enterprise performance. At the same time, internal control, as an adjusting variable, plays a negative role in regulating R&D investment and enterprise performance. When comparing high-quality internal control with the increase in R&D investment under lower levels of internal control, enterprise performance improves more significantly in the latter case. Under higher levels of internal control, increased R&D investment leads to slower growth of corporate performance.



Based on a large number of references and previous studies, there may be other variables that have a greater impact on R&D investment, internal control, and enterprise performance that have not been controlled. It is hoped that this part of the present research can be more comprehensively analyzed in the future.




6. Conclusions and Recommendations


In a broad sense, R&D investment is an investment behavior; however, compared with general investment activities, R&D investment has the characteristics of greater uncertainty, irreversibility, and risk. As internal R&D activities are generally divided into two stages, namely, the research stage and development stage, it is uncertain during the research stage whether it can bring the expected profits to the enterprise. Therefore, for enterprises in the core industries of the digital economy, these enterprises should estimate their recent free funds and balance R&D investment with other investment projects. While R&D investment is essential for core industries in the digital economy, the investment ratio should be carefully measured.



At the same time, for enterprises in the core industries of the digital economy, a higher degree of the internal control leads to a more significant impact of R&D investment on enterprise performance. Internal control plays a negative moderating role here. However, internal control has a positive promoting effect on enterprise performance. Internal control can stimulate managers to make rational decisions by improving the disclosure of enterprise financial information, promoting the correct transmission of information, and indirectly reducing agency costs, thereby improving enterprise performance and enterprise value. Therefore, enterprises should grasp the strengths of internal control in establishing their internal control system. They must not blindly strengthen control and constraints; conversely, for enterprises with high internal control quality, excessive investment in R&D projects should not be made. If there are other investment projects with higher investment returns and more suitable investments, reasonable allocation of funds can be considered.
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Figure 1. Simple slope analysis diagram. 






Figure 1. Simple slope analysis diagram.
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Table 1. Variable definition table.






Table 1. Variable definition table.





	

	
The Variable Name

	
Variable Symbol

	
Variable Declaration






	
Explanatory variables

	
R&D investment

	
R&D

	
R&D investment/operating income




	
Adjust the variable

	
The internal control

	
DIB

	
The natural logarithm of DIB’s internal control index




	
Explained variable

	
Enterprise performance

	
ROA

	
(net profit/average total assets) × 100%




	
Return on equity

	
ROE

	
(Net profit/average balance of shareholders’ equity) × 100%




	
Control variables

	
The enterprise scale

	
Size

	
The natural log of total assets at the end of the period




	
Asset-liability ratio

	
Lev

	
Ratio of total ending liabilities to total ending assets




	
Enterprise growth

	
Growth

	
The difference between the main business revenue of the current period and the main business revenue of the previous period and the ratio of the main business revenue of the previous period




	
Market position

	
Lerner

	
Lerner Index of individual stocks




	
Concentration of ownership

	
Topshare

	
Shareholding ratio of the largest shareholder of the company











 





Table 2. Descriptive statistical results for one period of lag.






Table 2. Descriptive statistical results for one period of lag.





	Variable
	Sample Size
	Minimum
	Maximum
	Mean
	Standard Deviation
	Median





	R&D
	2660
	0.001
	0.483
	0.078
	0.076
	0.056



	DIB
	2660
	5.674
	6.779
	6.486
	0.127
	6.512



	ROA
	2660
	−0.329
	0.293
	0.037
	0.068
	0.036



	ROE
	2660
	−0.672
	0.434
	0.057
	0.119
	0.059



	Size
	2660
	19.893
	26.466
	22.126
	1.158
	22.001



	Lev
	2660
	0.034
	0.789
	0.371
	0.181
	0.368



	Growth
	2660
	−0.567
	2.654
	0.186
	0.378
	0.124



	Lerner
	2660
	−0.350
	0.504
	0.105
	0.111
	0.094



	Topshare
	2660
	0.062
	0.653
	0.300
	0.135
	0.279










 





Table 3. Descriptive statistical results for two periods of lag.






Table 3. Descriptive statistical results for two periods of lag.





	Variable
	Sample Size
	Minimum
	Maximum
	Mean
	Standard Deviation
	Median





	R&D
	2660
	0.001
	0.483
	0.075
	0.076
	0.053



	DIB
	2660
	5.719
	6.820
	6.498
	0.119
	6.520



	ROA
	2660
	−0.329
	0.293
	0.037
	0.068
	0.036



	ROE
	2660
	−0.672
	0.434
	0.057
	0.119
	0.059



	Size
	2660
	19.864
	26.333
	21.988
	1.154
	21.869



	Lev
	2660
	0.028
	0.791
	0.361
	0.185
	0.357



	Growth
	2660
	−0.547
	2.888
	0.217
	0.403
	0.147



	Lerner
	2660
	−0.322
	0.485
	0.106
	0.110
	0.094



	Topshare
	2660
	0.066
	0.667
	0.310
	0.136
	0.289










 





Table 4. Analysis results of regulation effect for one period of lag.






Table 4. Analysis results of regulation effect for one period of lag.











	
	Model 1
	Model 2
	Model 3





	Constant
	−0.002

(−0.075)
	0.023

(0.873)
	0.025

(0.945)



	Ln_Size
	0.000

(0.160)
	−0.001

(−0.574)
	−0.001

(−0.642)



	Lev
	−0.030 **

(−3.531)
	−0.026 **

(−3.119)
	−0.026 **

(−3.132)



	Growth
	0.025 **

(7.603)
	0.020 **

(5.976)
	0.020 **

(5.984)



	Lerner
	0.189 **

(16.195)
	0.181 **

(15.655)
	0.181 **

(15.709)



	Topshare
	0.070 **

(7.694)
	0.057 **

(6.229)
	0.057 **

(6.172)



	R&D
	0.024

(1.396)
	0.028

(1.665)
	0.025

(1.515)



	Ln_DIB
	
	0.083 **

(8.442)
	0.084 **

(8.502)



	R&D × Ln_DIB
	
	
	−0.194

(−1.602)



	sample size
	2660
	2660
	2660



	R2
	0.163
	0.184
	0.185



	Adjust R2
	0.161
	0.182
	0.183



	F
	F(62653) = 85.806, p = 0.000
	F(72652) = 85.678, p = 0.000
	F(82651) = 75.333, p = 0.000



	ΔR2
	0.163
	0.022
	0.001



	ΔF
	F(62653) = 85.806, p = 0.000
	F(12652) = 71.272, p = 0.000
	F(12651) = 2.567, p = 0.109







Dependent variable: ROA; ** p < 0.01, t value in parentheses.













 





Table 5. Analysis results of adjustment effect for two periods of lag.






Table 5. Analysis results of adjustment effect for two periods of lag.











	
	Model 1
	Model 2
	Model 3





	Constant
	0.046

(1.683)
	0.068 *

(2.475)
	0.071 **

(2.608)



	Ln_Size
	−0.002

(−1.479)
	−0.003 *

(−2.094)
	−0.003 *

(−2.223)



	Lev
	−0.014

(−1.556)
	−0.012

(−1.313)
	−0.012

(−1.311)



	Growth
	0.010 **

(3.119)
	0.006 *

(1.991)
	0.006 *

(1.987)



	Lerner
	0.139 **

(11.261)
	0.129 **

(10.538)
	0.131 **

(10.660)



	Topshare
	0.070 **

(7.452)
	0.060 **

(6.370)
	0.059 **

(6.281)



	R&D
	0.063 **

(3.553)
	0.067 **

(3.785)
	0.063 **

(3.558)



	Ln_DIB
	
	0.075 **

(6.801)
	0.076 **

(6.900)



	R&D × Ln_DIB
	
	
	−0.318 *

(−2.394)



	sample size
	2660
	2660
	2660



	R2
	0.090
	0.106
	0.108



	Adjust R2
	0.088
	0.103
	0.105



	F
	F (62653) = 43.832, p = 0.000
	F (72652) = 44.820, p = 0.000
	F (82651) = 40.003, p = 0.000



	ΔR2
	0.090
	0.016
	0.002



	ΔF
	F (62653) = 43.832, p = 0.000
	F (12652) = 46.260, p = 0.000
	F (12651) = 5.729, p = 0.017







Dependent variable: ROA; * p < 0.05, ** p < 0.01, t value in parentheses.













 





Table 6. Inverted “U” test of R&D investment and enterprise performance.






Table 6. Inverted “U” test of R&D investment and enterprise performance.





	

	
Regression Coefficient

	
95% CI

	
VIF






	
Constant

	
0.068 *

(2.473)

	
0.014–0.121

	
-




	
C_R&D

	
0.045

(1.002)

	
−0.043–0.134

	
7.424




	
C_Sq_R&D

	
0.060

(0.518)

	
−0.166–0.286

	
6.997




	
C_Ln_DIB

	
0.075 **

(6.770)

	
0.053–0.096

	
1.092




	
Ln_Size

	
−0.003 *

(−2.085)

	
−0.005–0.000

	
1.456




	
Lev

	
−0.012

(−1.367)

	
−0.029–0.005

	
1.696




	
Growth

	
0.006 *

(1.963)

	
0.000–0.013

	
1.079




	
Lerner

	
0.131 **

(10.474)

	
0.106–0.155

	
1.185




	
Topshare

	
0.060 **

(6.335)

	
0.042–0.079

	
1.057




	
Sample size

	
2660




	
R2

	
0.106




	
Adjust the R2

	
0.103




	
F

	
F (82651) = 39.240, p = 0.000








The dependent variable: ROA; D-W value: 1.275; * p < 0.05, ** p < 0.01, t values in parentheses.













 





Table 7. Results of linear regression analysis.






Table 7. Results of linear regression analysis.





	
Linear Regression Analysis Results (n = 2660)




	

	
Non Normalized Coefficient

	
Coefficient of Normalization

	
t

	
p

	
VIF

	
R2

	
Adjust the R2

	
F




	
B

	
Standard Error

	
Beta






	
constant

	
0.032

	
0.002

	
-

	
17.131

	
0.000 **

	
-

	
0.005

	
0.005

	
F(1, 2658) = 14.580, p = 0.000




	
R&D

	
0.067

	
0.017

	
0.074

	
3.818

	
0.000 **

	
1.000








The dependent variable: ROA; D-W value: 1.139; ** p < 0.01.













 





Table 8. Robustness test of replacing explained variables.
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	Model 1
	Model 2
	Model 3





	Constant
	0.012

(0.241)
	0.057

(1.198)
	0.066

(1.367)



	Ln_Size
	−0.002

(−0.695)
	−0.003

(−1.437)
	−0.004

(−1.601)



	Lev
	0.039 *

(2.525)
	0.044 **

(2.864)
	0.044 **

(2.872)



	Growth
	0.019 **

(3.443)
	0.012 *

(2.093)
	0.012 *

(2.089)



	Lerner
	0.198 **

(9.154)
	0.179 **

(8.306)
	0.182 **

(8.467)



	Topshare
	0.134 **

(8.087)
	0.113 **

(6.812)
	0.111 **

(6.704)



	R&D
	0.120 **

(3.829)
	0.127 **

(4.121)
	0.119 **

(3.841)



	Ln_DIB
	
	0.159 **

(8.233)
	0.161 **

(8.361)



	R&D × Ln_DIB
	
	
	−0.698 **

(−3.002)



	Sample size
	2660
	2660
	2660



	R2
	0.065
	0.089
	0.092



	Adjust the R2
	0.063
	0.086
	0.089



	F value
	F (62653) = 30.917, p = 0.000
	F (72652) = 36.849, p = 0.000
	F (82651) = 33.467, p = 0.000



	ΔR2
	0.065
	0.023
	0.003



	ΔF value
	F (62653) = 30.917, p = 0.000
	F (12652) = 67.778, p = 0.000
	F (12651) = 9.012, p = 0.003







The dependent variable: ROE; * p < 0.05, ** p < 0.01, t values in parentheses.













 





Table 9. Inverted U-shaped test of R&D investment and substitution variables.






Table 9. Inverted U-shaped test of R&D investment and substitution variables.





	
Linear Regression Analysis Results—Simplified Format




	

	
Regression Coefficient

	
95% CI

	
VIF






	
Constant

	
0.057

(1.195)

	
−0.037–0.151

	
-




	
C_R&D

	
0.076

(0.956)

	
−0.080–0.231

	
7.424




	
C_Sq_R&D

	
0.144

(0.711)

	
−0.252–0.540

	
6.997




	
C_Ln_DIB

	
0.158 **

(8.191)

	
0.120–0.196

	
1.092




	
Ln_Size

	
−0.003

(−1.426)

	
−0.008–0.001

	
1.456




	
Lev

	
0.043 **

(2.752)

	
0.012–0.073

	
1.696




	
Growth

	
0.012 *

(2.055)

	
0.001–0.023

	
1.079




	
Lerner

	
0.181 **

(8.306)

	
0.139–0.224

	
1.185




	
Topshare

	
0.112 **

(6.767)

	
0.080–0.145

	
1.057




	
Sample size

	
2660




	
R2

	
0.089




	
Adjust the R2

	
0.086




	
F value

	
F (82651) = 32.301, p = 0.000








The dependent variable: ROE; D-W value: 1.356; * p < 0.05, ** p < 0.01, t values in parentheses.
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