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Abstract：Total Factor Productivity (TFP) is a crucial indicator for measuring economic production efficiency and a key determinant of whether China's economy can achieve high-quality development. As a new form of technology-driven empowerment, digital finance serves as a cornerstone of digital economic development and exerts a significant impact on enhancing the TFP of Chinese enterprises. This study utilizes data from A-share listed companies in Shanghai and Shenzhen, covering the period from 2011 to 2018. By employing two TFP estimation methods, namely the OP (Olley-Pakes) method and the LP (Levinsohn-Petrin) method, it explores the empowering effect of digital finance on enterprise TFP. Empirical results demonstrate that the development of digital finance has a positive empowering impact on enterprise TFP, and this conclusion remains valid even after addressing endogeneity issues and conducting robustness tests. Heterogeneity tests reveal that digital finance exerts a more pronounced empowering effect on the TFP of non-state-owned enterprises. Therefore, during this critical transition period, China should vigorously promote the development of digital finance, foster the integrated innovation of the digital economy and the real economy, and thereby advance the high-quality development of China's economy. Specific recommendations put forward in this study include: strengthening the construction of digital financial infrastructure; enhancing the cultivation of talents in the financial sector; improving the digital financial regulatory system; and seizing development opportunities.
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1. Introduction
How to improve the TFP of Chinese enterprises has long been a major challenge in China's economic development since the reform and opening-up. As China's economy shifts from a stage of high-speed growth to one of high-quality development, the principal contradictions facing the country have undergone profound changes. Enhancing enterprise TFP not only ensures the long-term viability of Chinese enterprises (Chen He et al., 2023) but also reflects the effective implementation of China's strategy for sustainable economic development. Against the backdrop of the vigorous development of the Internet, big data, and artificial intelligence, digital finance—driven by advanced new scientific and technological capabilities as its endogenous momentum—has emerged as a new model of inclusive finance. By leveraging technological means to empower or optimize traditional financial products and business processes, digital finance represents the application of technology-driven innovation in the financial sector (Wan Jiayu et al., 2020). Compared with traditional financial service models, the development of digital finance is more conducive to giving full play to the fundamental functions of finance and continuously expanding enterprises' financing and investment channels (He Zongyue et al., 2020). Owing to the supply shortages in traditional financial markets and the advancement of digital technology, digital finance—equipped with increasingly sophisticated theoretical frameworks and rich practical experience—has enabled China to become a leader in the global digital finance field. Digital finance has broken through the limitations of traditional models, significantly improving its penetration, utility, and affordability (Wang Xiuhua et al., 2020). In light of this, this study employs data from A-share listed companies in Shanghai and Shenzhen from 2011 to 2018, and adopts the Peking University Digital Inclusive Finance Index to measure the level of digital finance development in different regions (Chen Zhongfei et al., 2021), aiming to investigate the empowering effect of digital finance development on enterprise TFP.
Compared with existing literature, this study makes the following marginal contributions: Firstly, from the perspective of research focus, most existing studies have examined the macro-level impacts of digital finance, such as its effects on economic growth, entrepreneurship, residents' consumption growth, and the urban-rural income gap. In contrast, there is a paucity of research on the micro-level impacts of digital finance on enterprises. Secondly, through in-depth analysis, this study proposes several innovative recommendations regarding the empowerment of digital finance on enterprise TFP, with the goal of promoting the improvement of the digital financial system and the high-quality economic development of China.
2. Research Hypotheses
The advent of the digital era has exerted a profound impact on the business models of traditional finance (Qian Haizhang et al., 2020), and the development of digital finance has become a vital engine for a country's high-quality economic development. Digital finance helps to make up for the shortcomings of traditional financial services, and its unique advantages are more conducive to enterprises' engagement in various innovative activities. Digital financial institutions can leverage data analysis and artificial intelligence technologies to provide more personalized financial services, recommending products and investment strategies based on customers' needs and preferences. Additionally, through Internet and mobile application platforms, digital finance makes financial services more convenient, offering users easier access to account management, transactions, and fund management services without the need to visit bank branches in person. Digital finance enables enterprises to conduct transactions and investments on a global scale, free from geographical restrictions, thereby providing broader development space for international trade and investment. Some scholars argue that the development of digital finance can reduce enterprises' production and transportation costs, enhance production efficiency and product competitiveness, and thus drive the improvement of enterprise TFP. Enterprises can not only benefit from technology spillovers in the process of learning about the development and innovation of financial technology but also utilize a variety of financing channels, such as Internet finance, angel investment, venture capital, and P2P financing. These diverse options enable enterprises to achieve higher TFP. Based on the above analysis, this study proposes Research Hypothesis H1.
H1: The development of digital finance has an empowering effect on the improvement of enterprise Total Factor Productivity.
Financing constraints refer to the limitations faced by enterprises due to insufficient funds, which prevent them from seizing existing business opportunities, increase the cost of external financing, and hinder enterprises from achieving optimal investment levels (Liu Lei et al., 2019). Currently, many enterprises are severely constrained in their financing capabilities. Financing constraints act as a "stumbling block" to enterprises' innovation and R&D efforts, posing an inevitable challenge for enterprises engaging in innovative activities and preventing them from creating intangible assets and knowledge in accordance with their expected goals. External financing constraints caused by information asymmetry and moral hazard, along with the singularity of financing channels, make it difficult for enterprises to carry out innovative activities and reduce their TFP, thereby endangering national economic development and enterprise survival. As a key factor in improving enterprise TFP, digital finance—integrated and innovative with technology—generates innovation spillover effects that address gaps in enterprises' innovation methods and channels, indirectly driving the improvement of enterprise TFP (Duan Junshan et al., 2022). Digital financial technologies, such as online lending platforms and digital payment systems, can reduce the time spent on financing processes, making financing faster and more convenient. Financial contracts, financial markets, and financial intermediaries can also lower the costs of information acquisition and the supervision of enterprise management after the completion of financing activities (Xie Weimin et al., 2011), further enhancing enterprise TFP. Some scholars have pointed out that financial development can alleviate enterprises' financing constraints, and listed companies in regions with a higher level of financial development face significantly fewer financing constraints than those in regions with underdeveloped financial sectors (Shen Hongbo et al., 2010). Based on this, this study proposes Research Hypothesis H2.
H2: The mechanism through which digital finance improves enterprise Total Factor Productivity is by reducing the degree of enterprises' financing constraints.
3. Research Design
3.1 Research Data
The data used in this study are from A-share listed companies in Shanghai and Shenzhen, China, covering the period from 2011 to 2018. Data on the attributes and financial performance of these listed companies are sourced from the Wind Database and the CSMAR Database, while industry classification data are obtained from the official website of Shenwan Hongyuan Securities. To ensure data quality, this study conducts the following screening and processing procedures: excluding enterprises in the financial and real estate sectors, as well as ST (Special Treatment) and PT (Particular Transfer) enterprises; removing enterprises with incomplete data; and performing a winsorization process on the main continuous variables at the 1% and 99% levels to eliminate the impact of abnormal data on the empirical tests. Finally, a total of 10,360 firm-year observations are obtained.
3.2 Model Construction and Variable Description
Drawing on the research of Song Min et al. (2021), this study constructs the following benchmark econometric model to measure the empowering effect of digital finance development on the TFP level of listed companies:
           (1)
Table 1 provides explanations for the variables in this model. The core focus of this study lies in the change of the core explanatory variable. If the coefficient β is significant and positive, it indicates that the development of digital finance has an empowering effect on enterprise TFP, thereby verifying the validity of Hypothesis 1.
3.2.1 Measurement of Enterprise Total Factor Productivity
Drawing on the methods of Lian Yujun (2012) and Xiao Wen (2019), this paper constructs the following model using the idea of the OP method:
  (2)
3.2.2 Measurement of Digital Finance Development
Consistent with the research standards of Chen Zhongfei et al. (2021), this study measures the level of digital finance development based on the Peking University Digital Inclusive Finance Index, which includes three sub-indices: the breadth of digital financial coverage, the depth of digital financial usage, and the level of digitalization (Li Mengyu et al., 2021). Drawing on the research of Ran Fang et al. (2021), this study incorporates both the total digital inclusive finance index and its three sub-indices into the model for measurement. To eliminate potential estimation biases caused by differences in data dimensions and magnitudes, this set of indices is divided by 100. In accordance with the data processing rules of existing literature and the analytical standards of scholars such as Song Min (2021).
4. Descriptive Statistics
Table 1 presents the descriptive statistical results of the main variables. The total factor productivity calculated by the LP method has a mean of 16.3115, which is higher than the mean of 14.4411 calculated by the OP method. The medians calculated by the LP and OP methods are 16.2125 and 14.3869, respectively, indicating that the data results show no significant skewness. The standard deviation of the Digital Inclusive Finance Index is 0.6150, indicating that the impact of digital finance on enterprises varies, which may be attributed to the uneven levels of financial development across different regions, the inherent disparities in financial infrastructure, as well as the varying degrees of connection between local governments and enterprises and differences in regional development levels, leading to discrepancies in the level of digital finance development among different regions.
	Variable
	Observation value
	Mean
	Standard deviation

	TFP_LP
	10360
	16.3115
	1.0380

	TFP_OP
	10360
	14.4411
	0.9441

	index aggregate
	10359
	1.8560
	0.6150

	coverage breadth
	10359
	1.8355
	0.5852

	usage depth
	10359
	1.8337
	0.6631

	digitization_level
	10359
	1.9646
	0.7836

	Size
	10360
	21.9062
	1.2108

	Roa
	10360
	0.0423
	0.0485

	Age
	10360
	10.4116
	6.6211

	Growth
	10360
	0.2240
	0.5397

	Cashflow
	10360
	0.0438
	0.0702

	POE
	10360
	0.6066
	0.4885

	FinDev
	10360
	0.0695
	0.0342

	EconoDev
	10360
	0.0954
	0.0269


Table 1.Summary statistics of key variables
5.1 Regression Analysis
This article uses model (1) for regression testing, with Table 2 showing the empirical test results: the explanatory variable is the overall Digital Inclusive Finance Index (index aggregate), and the explained variables are TFP_LP and TFP_OP. The results indicate that the regression coefficients of the Digital Finance Total Index are 0.1288 and 0.1603, which are significant at the 5% and 1% levels, respectively. This indicates that digital finance has a positive enabling impact on the total factor productivity of enterprises, meaning that the total factor productivity of enterprises increases with the improvement of the level of digital finance.
This article refers to the analysis criteria of scholar Du Jinmin (2021). In the preliminary examination, this article conducts empirical tests based on three sub-indices: the coverage breadth, depth of use, and degree of digital finance. The regression coefficients for both coverage breadth and usage depth are significantly positive, indicating that a broader coverage of digital finance, deeper levels of usage, and the degree of digital transformation of enterprises all contribute to the improvement of total factor productivity in enterprises. Possible reasons include: the coverage area and frequency of use of digital finance are intrinsically and directly linked to the service capacity of digital finance. Digital finance expands the sales territory of enterprises, enriches their sales channels, and provides sufficient financial support for the steady development of enterprises, effectively promoting the increase in productivity. Furthermore, the significance and signs of other control variable coefficients are generally consistent with existing literature.
	
	(1)
	(2)

	
	TFP_LP
	TFP_OP

	index_aggregate
	0.1288**
	0.1603***

	
	(2.4592)
	(2.9609)

	coverage_breadth
	0.1083***
	0.1374***

	
	(2.6759)
	(3.2777)

	usage_depth
	0.0670*
	0.0767*

	
	(1.6884)
	(1.8775)

	digitization_level
	-0.0046
	-0.0041

	
	(-0.1952)
	(-0.1707)

	Control variable
	yes
	yes

	Sample size
	10359
	10359


Table 2. Regression estimates of digitalization dimensions on firm productivity
6. Endogeneity Treatment
In model (1), although this paper has adopted some methods and measures to reduce and diminish the existence of opportunities that simultaneously affect the development of digital finance and the total factor productivity of enterprises, the empirical results may still be influenced by some factors outside the scope of observation. The problem caused by these omitted variables may lead to discrepancies between the estimated coefficient β of the development of digital finance and the actual situation. In addition, the research subject may have a reverse promotion effect, meaning that a higher total factor productivity of enterprises may also promote the development of digital finance, with the level of digital finance development increasing as the total factor productivity of enterprises improves. To alleviate the endogeneity issues caused by omitted variables, measurement errors, or contrary causal relationships with the hypotheses of this study, this paper further employs instrumental variable (IV) estimation methods for the calculations.
This paper draws on the research of Zhang Jie (2017) and averages the digital finance development levels of the three prefecture-level cities whose GDP is closest to the registered location of the enterprises within the same province, using this average as the instrumental variable for the digital finance development of the enterprise's location. Table 4 presents the results of the two-stage regression for the instrumental variable. This study uses the same standards as scholar Song Min (2021). The results of the first stage (1) regression show that the estimated coefficient for the IV is positive, indicating that the higher the average level of digital finance development in the three prefecture-level cities closest in GDP to the registered location within the same province, the higher the level of digital finance in that area, thereby verifying the relevance of the instrumental variable, which relates to the original explanatory variable. The results of the second stage (2, 3) regression show that the coefficient for the digital finance development level is also positive, indicating that after considering the endogeneity issue, the conclusion of this paper remains valid, namely that the development of digital finance has a positive empowering effect on the total factor productivity of enterprises.
	
	(1)
	(2)
	(3)

	
	index_aggregate
	TFP_LP
	TFP_OP

	index_aggregate
	
	0.9895**
	1.1001***

	
	
	(2.5363)
	(2.9495)

	IV
	0.0019*
	
	

	
	(1.6992)
	
	

	Control variable
	yes
	yes
	yes

	Sample size
	10359
	10359
	10359


TABLE 3. Impact of aggregate index on total factor productivity (TFP) using LP and OP estimators with the IV approach
7. Robustness Tests
7.1 Excluding Specific Samples
Compared with other cities, China's municipalities directly under the Central Government have a relatively early start in development and generally possess stronger economic strength. There may be significant differences in the level of digital finance development and the development status of enterprises across different regions. In response to this, this study excludes the data samples of municipalities directly under the Central Government and re-conducts the tests presented in Table 3 using Model (1). After excluding the specific samples, the coefficient of digital finance remains significantly positive, indicating that the regression results are robust.
7.2 Replacing the Explanatory Variable
In the benchmark regression, the explanatory variable used is the digital finance index at the prefecture-level city level. To verify the robustness of the empirical results, this study replaces the core explanatory variable with the level of financial technology development and conducts the empirical test again. The conclusion remains valid after replacing the explanatory variable.
7.3 Controlling for the Innovation Capability of Financial Institutions
The earlier empirical analysis of this study concludes that the development of digital finance has a positive empowering effect on enterprise TFP. However, this conclusion may be related to reverse causality, i.e., the independent innovation capability of financial institutions drives the growth of enterprise TFP. To ensure that the innovation capability of financial institutions themselves does not exert an additional impact on enterprise TFP in the research model, this study further controls for the innovation capability of financial institutions in the prefecture-level city where the enterprise is located. The innovation capability of financial institutions is measured by the natural logarithm of the number of patent applications filed by local financial institutions. After controlling for the innovation capability of financial institutions, the coefficient of the level of digital finance development of enterprises remains significantly positive, and the conclusion is not affected.
8. Heterogeneity Analysis
8.1 Heterogeneity Analysis Based on Enterprise Ownership Nature
State-owned enterprises (SOEs) in China occupy a large share of the market among listed companies in Shanghai and Shenzhen. Based on China's basic national conditions and current situation, to further verify the empowering effect of digital finance on enterprise TFP, it is necessary to conduct an in-depth discussion on the ownership characteristics of enterprises. SOEs are firm advocates and faithful implementers of the decisions and arrangements made by the Communist Party of China Central Committee and the State Council, and they serve as the main platform for ensuring the implementation of national policies. SOEs have unique advantages in cooperating with local governments. The state allocates limited resources to the government, and SOEs that maintain close ties with the government may have easier access to financial support and face fewer financing constraints compared with other enterprises. Therefore, the impact of digital finance on the TFP of enterprises with different ownership types may vary. To explore this issue in depth, drawing on the research of Song Min et al. (2021), this study introduces the interaction term between the Digital Inclusive Finance Index and the enterprise ownership nature (POE) into Model (1). The regression results in Table 5 show that the coefficients of index_aggregate*POE are all significant at the highest level, indicating that digital finance has a more significant promoting effect on the TFP of non-state-owned enterprises than that of state-owned enterprises.
This is because digital finance can process the information owned by enterprises through technological innovation, converting raw data into valuable information that can directly guide enterprise decision-making. For example, to reduce the information barrier between banks and enterprises, digital finance collects financial data for analysis and assesses the risks of non-state-owned enterprises (Zhang Shuguo, 2022), avoiding problems such as capital shortages and circulation difficulties. This ensures that enterprises can smoothly carry out innovative activities and encourages R&D personnel to enhance their innovation capabilities, laying the foundation for the improvement of enterprise TFP.
8.2 Heterogeneity Analysis Based on Enterprise Size
This study introduces the interaction term between the Digital Inclusive Finance Index and enterprise size into Model (1). The results show that the coefficients of enterprise size in the context of digital finance are all significantly negative at the 1% level, indicating that the TFP of small-scale enterprises is more likely to be empowered by digital finance. The possible reasons are as follows: Large-scale enterprises have reliable and authentic qualification information, strong capabilities in obtaining capital investment and loans, and their funds circulate more easily in the financial sector. In contrast, small-scale enterprises face severe financing constraints and cannot obtain sufficient financial support, which hinders the improvement of their R&D and innovation capabilities as well as their production efficiency, thereby significantly impeding the growth of their TFP. The emergence and continuous development of digital finance have reduced the financing constraints faced by small-scale enterprises, giving full play to the unique advantages of digital finance in the field of innovation. It provides financial support for small-scale enterprises to conduct technological innovation or improve production efficiency, thereby promoting the growth of their TFP. Therefore, the empowering effect of digital finance on enterprise TFP is more significant in small-scale enterprises.
	
	(1)
	(2)

	
	TFP_LP
	TFP_OP

	index aggregate*POE
	0.0427***
	0.0548***

	
	(4.9005)
	(6.1127)

	index aggregate*Size
	-0.0268***
	-0.0283***

	
	(-5.3425)
	(-5.5037)

	Control variable
	yes
	yes

	Sample size

	10359
	10359


Table 4. Data samples of municipalities directly under the Central Government are re-conducted to test 
9. Conclusions and Recommendations
9.1 Conclusions
Total Factor Productivity (TFP) is the residual value obtained by subtracting the contribution of the growth rates of various input factors from the output growth rate (Yi Gang et al., 2003). It is a dimensionless indicator that essentially represents the contribution of factors in the production process that cannot be measured quantitatively. TFP reflects the resource allocation status, production technology level, production organization and management level of enterprises in a country, as well as the enthusiasm of workers in production and operation activities. For enterprises, TFP is a crucial indicator of success, as it affects their competitiveness, profitability, and long-term sustainability, and plays a decisive role in shaping the future development trends of the entire enterprise. Digital finance represents the integrated innovation of financial services and artificial intelligence, and its core attribute lies in its focus on providing inclusive and precise services. As a product of scientific and technological innovation in the digital economy era and a core element of economic development, digital finance—with its strong self-innovation capabilities and ability to open up new channels—fully demonstrates the endogenous momentum essential for enterprises. This is conducive to digital finance serving the real economy, which is the mainstream economy at present (Teng Lei et al., 2020), thereby empowering enterprise TFP and providing a prerequisite for the realization of high-quality and sustainable economic development in China. The empowering effect of digital finance should not be underestimated. By driving enterprises to move up towards both ends of the "smile curve" through the improvement of enterprise TFP (Zhao Chenyu et al., 2021), digital finance continuously reduces costs and improves enterprises' production efficiency, providing a guarantee for the high-quality development of China's economy.
9.2 Recommendations
9.2.1 Improving the Construction of Digital Financial Infrastructure
The digital finance industry should continuously carry out innovative activities to provide enterprises with new financial products and services, so as to meet the diverse needs of different customers. Examples include the research and development of new products such as blockchain technology and smart contracts. Digital finance provides financial services such as information-based loans based on the Internet. Enterprises should enhance financial inclusion and strive to ensure that digital financial infrastructure extends to rural and remote areas, enabling more people to access financial services conveniently.
9.2.2 Strengthening the Cultivation of Digital Financial Talents
Digital finance can assist enterprises in collecting and analyzing large amounts of data, thereby providing insights into market trends, customer needs, and supply chain efficiency. This helps enterprises formulate better future development strategies. Therefore, it is necessary to strengthen the cultivation of digital financial talents. Enterprises can provide internships and practical opportunities for college students, enabling them to gain practical operational experience in the field of digital finance. Universities should collaborate with fintech companies, digital payment platforms, and banks to provide students with opportunities to participate in projects and understand industry operational processes, accumulating experience for their future careers. Digital finance involves multiple sub-fields, including finance, technology, and data analysis. Enterprises and universities should be encouraged to carry out interdisciplinary cooperation to cultivate talents with knowledge in multiple fields, so as to better cope with the complexity of the industry. At the same time, efforts should be made to improve the professional quality of in-service personnel, such as organizing training programs and encouraging participation in examinations to enhance the construction of employees' digital financial knowledge systems.
9.2.3 Establishing a Digital Financial Regulatory System
Digital financial tools can help enterprises better manage and respond to new risk challenges, and improve the level of digital financial governance. China should formulate privacy regulations related to enterprise data to ensure the proper protection of users' personal information and enterprises' financial information. A complaint and reporting channel for digital financial users should be established to enable users to supervise and report improper behaviors, and obtain appropriate support and protection. Additionally, efforts should be made to ensure the stability and resilience of digital financial infrastructure to cope with potential cyber-attacks and threats. Meanwhile, China should strengthen close cooperation with other countries or international organizations, requiring digital financial institutions to disclose data information to ensure market transparency, prevent unfair competition and market manipulation, and jointly address cross-border financial crimes and digital financial security challenges.
9.2.4 Seizing the Development Opportunities of Digital Finance
Enterprises should gain an in-depth understanding of the basic concepts, technical methods, and future development trends of digital finance, including knowledge in areas such as blockchain technology, digital renminbi, and artificial intelligence. They should keep abreast of the latest innovations and developments in the field of digital finance, including new technologies, products, and services. Enterprises should maintain connections with local governments in the field of digital finance, enhance their digital technology capabilities, adapt to the development trend of digitalization, and pay close attention to emerging technologies, market changes, and regulatory changes in the digital finance field to seize the initiative. Digital finance is often interrelated with traditional finance; therefore, understanding financial markets and investment principles is crucial for seizing opportunities. Small-scale enterprises with relatively backward technology should conduct business exchanges with local leading enterprises, establish interactive communication platforms involving practitioners, investors, and entrepreneurs, develop new products that meet market demands, and improve innovation efficiency.
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