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Abstract: Using annual panel data of 46 listed commercial banks in China from 2012 to 2021 and 

constructing a two-way fixed-effects model, this study empirically analyzes the competition and 

technology spillover effects of fintech on the profitability of commercial banks. The results show 

that (1) in the early stages of fintech development, the competition effect is larger than the 

technology spillover effect; thus, it is negatively correlated with commercial banks’ profitability. 

However, with the spread of innovative fintech, the technology spillover effects and commercial 

bank profitability will gradually improve. (2) The influence of fintech on the profitability of 

commercial banks differs. Compared to large commercial banks, fintech has more significant 

negative effects on small- and medium-sized commercial banks in the short run. However, the role 

of fintech for such banks will also grow in the future. The results of this study provide practical 

guidance for how commercial banks can respond to the fintech wave. To realize the sustainable 

development of the banking industry, commercial banks should change their business philosophy 

and revenue model, vigorously improve their fintech innovation capability, differentiate their 

choice of fintech development routes, develop personalized customization with a focus on users, 

and ultimately realize digital transformation and upgrading. 

Keywords: fintech; commercial bank; profitability; heterogeneity analysis 

 

1. Introduction and Literature Review 

Financial technology (fintech) was first proposed by John Reed, former Chairman of Citibank, 

in the 1890s (Wang and Zhu 2022, Wang and Luo 2022). Further, the Wharton School of Business first 

defined fintech as “the financial field transformed by electronic science and technology,” a definition 

that has been widely used in practice and academic research. In 2016, the International Financial 

Stability Board also gave a relatively authoritative standard definition at the international level in its 

Report on the Panoramic Description and Analysis Framework of Fintech: “Fintech is financial innovation 

driven by technologies that aim to transform or innovate financial products, service processes, 

business models, etc. with the help of modern scientific and technological achievements, so as to 

promote both quality and efficiency of financial development.” With the continuous development of 

Internet technologies, the connotation of fintech is constantly expanding. It usually refers to the 

innovation of products and services provided by the traditional financial industry through various 

technological means to improve financial markets’ operating efficiency and significantly reduce 

operating costs (Sajid et al. 2023). 

The Chinese fintech industry is growing in prosperity and scale, having rapidly expanded from 

210.4 billion yuan in 2016 to 542.3 billion yuan in 2022. Although the annual growth rate of the 

Chinese fintech market dropped sharply to 5.65% in 2020 due to the impact of the global epidemic, 

the market scale of China’s fintech industry will persist in expanding in the future, and market 

competition will become more intense. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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Simultaneously, the financial industry is constantly innovating, and the integration of emerging 

technologies and the financial sector is accelerating. Owing to the innovative development of the 

Internet, big data, mobile payments, and other technologies, fintech experienced exponential growth, 

constantly injecting new vitality into commercial banks. To enhance the support of technologies on 

core business, commercial banks have begun to focus on the entire process of customer transactions 

and actively develop the practical application of big data, machine learning, biometrics, and other 

cutting-edge technologies to improve business efficiency, optimize the experience of users, reduce 

costs, and help commercial banks enter the “Smart Transformation Era” (Cheng and Qu 2020, Kadyan 

et al. 2022). 

Currently, interest income is the main profit source for commercial banks in China’s banking 

system. With the trend of interest rate liberalization, the interest rate spread between deposits and 

loans is constantly tightening, and commercial banks’ market share is gradually eroded. On the asset 

side, banks win high-quality loan customers through price competition and service improvement, 

which greatly reduces the incomes of the asset side; on the liability side, deposits are becoming 

increasingly market-oriented, and the emergence of new products such as “Yu’e Bao” and 

“Lingqiantong” diverts the wealth management business of traditional commercial banks, resulting 

in an irreversible rigid rise on the liability side for banks. This dual problem greatly reduced 

commercial banks’ profitability. Coupled with the economic downturn and the pandemic’s recent 

impact, the real economy’s operating capacity has declined rapidly, and banks’ financing costs are 

much higher, which has led to a surge of non-performing loans and caused a considerable negative 

influence on Chinese commercial banks’ profitability. In addition, the emergence and rise of fintech 

enterprises have seriously affected commercial banks’ interest income business development in 

recent years, resulting in a sharp drop in their profitability. 

Figure 1 shows the changing trend in Chinese commercial banks’ return on assets (ROA) from 

2012 to 2021. The figure shows that the return on total assets for Chinese commercial banks has 

exhibited a downward trend of varying degrees over the past ten years. Overall, the rate of return on 

total assets of large state-owned commercial banks declined the least, indicating that they are least 

affected by fintech because of their advantageous large asset scale and rich policy resources. The rate 

of return on the total assets of rural commercial banks declined the most; thus, we can conclude that 

fintech had the most significant impact on their profitability. 

 

Figure 1. Trend in the ROA of Chinese commercial banks from 2012 to 2021. Source: Wind database 

and annual reports of major banks. 

The use of fintech has greatly improved the timeliness and convenience of services and created 

various opportunities and challenges for the banking industry (Tanda and Schena 2019). Thus, the 

digital transformation of China’s traditional commercial banks has become a general trend. This 
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approach can help improve operations, fintech development, and industry transformation. Under 

the wave of digitization, whether the application of fintech can empower commercial banks and 

enhance their profitability or bring substantial challenges to the Chinese banking industry and 

whether the impact varies depending on the bank have become serious issues. Figure 1 shows that 

although the overall return on total assets of Chinese commercial banks continues to decline, we can 

see a clear declining trend, with only a slight increase during 2020-2021. Hence, Chinese commercial 

banks are actively responding to the challenges brought about by fintech development and striving 

to explore digital transformation. 

Currently, investment in fintech is increasing and is an active topic in academic research. Some 

scholars argue that fintech negatively affects traditional commercial banks. Fintech gained significant 

market share from the traditional financial system (i.e., banks) because of its advantages, such as low-

cost operations, low-threshold loans, and efficient marketing (Koffi 2016). After separations, mergers, 

and reorganizations, we now find that fintech enterprises specialize in certain fields that may affect 

the traditional business of commercial banks (Tanda and Schena 2019). Stulz (2019) finds that 

compared with traditional banks, fintech companies and large tech companies benefit from an 

uneven competitive environment and less regulation, making them compete with banks regarding 

product and service innovation. Fintech companies compete directly with commercial banks in many 

fields, such as deposits and loans, capital financing, payment and settlement, investment, and wealth 

management (Thakor 2020). Zhao et al.’s (Zhao et al. 2022) study reports that relative to the 

technology spillover effect, the competition effect brought about by fintech is greater and varies 

depending on the size of the commercial bank. Wang and Zhu (Wang and Zhu 2022, Wang and Luo 

2022) conducted an empirical regression on the data of 51 commercial banks from 2011 to 2020 and 

found that fintech development reduces commercial banks’ profits to varying degrees. 

However, some scholars believe that fintech development can positively influence the 

profitability of commercial banks. Wonglimpiyarat’s (Wonglimpiyarat 2017) analysis of a system 

innovation model reveals that fintech can positively promote the development of commercial banks. 

Bömer and Maxin (Bömer and Maxin 2018) empirically study data from Commerzbank and find that 

the application of fintech can promote product upgrades and service innovation while also 

improving the profitability of commercial banks. Lee et al. (2021) use data at the fintech enterprise 

level to construct a development index for the fintech industry and the stochastic meta-frontier 

method to measure the relevant efficiency scores of Chinese banks with different equity structures. 

They conclude that fintech development can promote commercial banks’ efficiency. 

Fintech is conducive to repairing the financing gap by reducing the probability of good 

companies being misclassified as bad companies, that is, by reducing information friction and 

helping commercial banks effectively allocate credit assets and improve profitability. Zhao et al.’s 

(Zhao and Bu 2022) in-depth analysis of the panel data of 92 Chinese commercial banks from 2008 to 

2019 reveals that fintech can improve the operational performance of commercial banks by reducing 

the cost-to-income and non-performing loan ratios, and this impact is more obvious for larger 

commercial banks. Wang and Luo (Wang and Zhu 2022, Wang and Luo 2022) use the unbalanced 

panel data of 368 commercial banks from 2011 to 2019 to conduct an empirical regression and report 

that fintech development would have an inverted U-shaped influence that first promotes and then 

suppresses commercial banks’ operating performance and its role in promoting large commercial 

banks and commercial banks in areas with a low level of fintech development is more significant. 

The development of fintech has a profound influence on the market environment, business 

operations, asset allocation, risk prevention, and control of commercial banks, bringing opportunities 

and challenges to the sustainable development of the banking industry (Li et al. 2022, Wang, Xiuping 

et al. 2021, Wang, Liu et al. 2021). Exploring the impact of fintech on commercial banks can help 

Chinese commercial banks more quickly and adeptly complete digital transformation. Establishing a 

complete and efficient modern financial system is of great importance to the reform of the Chinese 

financial industry, with the banking industry at its core. Therefore, this study investigates the 

mechanism by which fintech influences Chinese commercial banks’ profitability through theoretical 

research and uses a two-way fixed-effect model to conduct empirical regression tests. Unlike existing 
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studies that focus more on the influence of fintech applications on commercial banks, this study is 

innovative in that it introduces the quadratic term of the fintech development level index as a 

supplementary explanatory variable to analyze the characteristics of the impact that fintech 

development and innovation may have on commercial banks’ profitability in the future. We further 

analyze the heterogeneous influence of fintech on the profitability of different categories of 

commercial banks. 

2. Mechanism and Research Hypotheses 

Fintech primarily influences commercial banks’ profitability through two mechanisms: 

competition and technology spillover. 

2.1. Competition Effect 

According to long-tail theory, the future profitable customer group of business and culture is 

not in popular products and traditional demand curves but in the infinitely long tail of the demand 

curve. Traditional commercial banks previously tended to focus on creating high-value, top-core 

customers and providing them with financial services, thus ignoring a large number of tail groups 

with diverse needs. However, fintech companies rely on advanced technologies such as big data to 

attract tail groups and seize market share, which significantly intensifies their competition with 

commercial banks. Moreover, the main businesses of commercial banks, such as payment and 

settlement, credit financing, investment, and wealth management, have also been negatively affected 

to a certain extent. Here, we analyze the competition effect caused by the development and 

application of fintech in Chinese commercial banks from three perspectives. 

The first perspective is reflected in payments and settlements. In traditional commercial banks, 

individual consumers have the characteristics of frequent transactions, small single transaction 

volumes, and meager profits; thus, they rarely provide corresponding products and services. 

However, these services have a large market demand, providing room for third-party trading 

institutions’ survival and development. Third-party trading platforms, represented by China’s 

WeChat Pay and Alipay, have gradually shaken the monopoly position of traditional commercial 

banks in offline transaction settlements and other business fields. Simultaneously, by providing 

convenient and secure financial services, such as transfers, payments, and settlements, non-bank 

financial enterprises and fintech companies have diverted many customers from commercial banks, 

upsetting the payment and settlement market (Guo and Bouwman 2016, Thakor 2020, Vives 2017). 

The second perspective is reflected in the credit business for micro-, small-, and medium-sized 

companies. In the past, due to poor credit status, information imbalance, and other problems, micro-

, small-, and medium-sized companies generally faced the dilemma of expensive and difficult 

financing. With the rapid development of fintech, many internet companies have begun to set foot in 

the field of financial services by virtue of their technological and platform advantages. They use 

advanced technology to portray AI to customers and issue loans to micro, small, and medium-sized 

companies based on information symmetry, effectively overcoming their financing problems. 

However, they are also seizing the original credit market of commercial banks (Wang and Zhu 2022, 

Wang and Luo 2022, Zhao et al. 2022, Zhao and Bu 2022). In addition, fintech enterprises can develop 

many financial products according to demand to meet customers’ personalized needs, which has a 

considerable competitive effect on commercial banks in this area (Sheng 2021, Temelkov and Gogova 

Samonikov 2018). 

The third aspect is reflected in personal financial services. With recent rapid economic 

development, people’s awareness of independent financial management has gradually increased. 

Traditional financial products can no longer meet customers’ personalized needs; therefore, people 

are gradually turning their attention to long-term and personalized financial products (Huang and 

Qiu 2021). Using emerging technologies, fintech companies tailor personalized investment plans 

based on different preferences from user feedback. They also provide intelligent tools to assist 

customers in independently selecting products according to their own preferences and risk tolerance, 
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truly achieving personalized investment services and automated investment decisions, thus creating 

fierce market competition. 

In summary, considering the development status of domestic fintech and commercial bank 

profitability, one can reasonably infer that China is still in the initial stage of applying fintech and is 

significantly affected by competition. Accordingly, the following research hypothesis is proposed: 

H1. In the short term, fintech development is negatively correlated with commercial bank profitability. 

2.2. Technology Spillover Effect 

According to the theory of economies of scale, the unit cost of a product decreases with an 

increase in the number of products produced within a certain period. That is, the average cost of an 

enterprise can be reduced by expanding the production scale, thereby improving its work efficiency 

and profit level. Early in fintech development, traditional commercial banks needed to invest a 

substantial amount in talent, technology, equipment, and capital costs, so their profits were low. In 

the future, the innovative development of fintech will gradually expand commercial banks’ scale, 

drive commercial banks to accelerate digital transformation from the four areas of innovation ability, 

customer expansion ability, operation and marketing ability, and risk control ability, and build a 

more efficient business model (Elsaid 2021, Legowo et al. 2021, Lu 2018,). Here, we analyze the 

technology spillover effect of the application and development of fintech on commercial banks from 

four aspects. 

First, we break the time-space constraints of financial services. Previously, commercial banks 

relied on offline physical outlets to provide services, and their business objectives were limited to 

areas near institutions. In addition, traditional commercial banks are constrained by business hours 

when conducting business. Owing to mobile payments, the Internet, and other scientific technologies, 

fintech enables commercial banks to achieve online real-time services, effectively expanding business 

coverage (Wang and Zhu 2022, Wang and Luo 2022). 

The second effect is through the enhanced ability of “acquiring customers” and “living 

customers.” The popularization and application of advanced science and technology significantly 

enhanced commercial banks’ information collection, processing, and analysis capabilities. 

Commercial banks can quickly and effectively collect data such as the investment behaviors, hobbies, 

and financial management habits of individuals and enterprises using the Internet and then apply AI 

to organize, process, and analyze data to establish customer labels, segment customer needs, and dig 

deep into potential customers to expand the service product coverage of existing customers (Cheng 

and Qu 2020). 

Subsequently, operating costs declined, such as those related to transactions. In the initial stage 

of fintech development, investment costs in various aspects were relatively high; however, after 

investments were completed, the marginal cost of each customer gradually decreased according to 

economies of scale. The second objective is to reduce operating costs. With the help of big data, cloud 

computing, and other cutting-edge technologies, commercial banks are expected to make the sharing, 

allocation, and integration of all resources available within the organization, thereby reducing 

operating costs. The last method is to reduce channel costs. Commercial banks can use AI to analyze 

collected information and optimize the design of service venues and methods for different customers 

based on the advantages of each channel to reduce service and channel costs to the greatest extent 

(Guo and Zhang 2023, Lee et al. 2021, Stulz 2019). 

Finally, fintech enhances risk defense capabilities. Fintech can alleviate the information 

asymmetry dilemma commercial banks face. Commercial banks use cutting-edge technologies to 

aggregate relevant information from multiple perspectives, thereby enriching the types and content 

of risk information. The in-depth integration of emerging technologies such as machine learning, 

artificial intelligence, and the financial industry revolutionized traditional bank risk management 

(Anifa et al. 2022, Cheng and Qu 2020, Lagna and Ravishankar 2022). 

In summary, one can reasonably speculate that with the deep integration of fintech and the 

banking industry in the future, commercial banks will gradually complete their digital 
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transformation, and the technology spillover effect will be more significant. Therefore, the following 

research hypothesis was proposed: 

H2. In the long run, fintech development helps improve the profitability of commercial banks. 

Currently, Chinese commercial banks can be divided into four categories according to their 

scale. Different types of banks significantly differ in their business philosophy, operational model, 

asset allocation, and administrative management. Therefore, the application of fintech also has a 

certain degree of impact on their profitability. Accordingly, the following research hypothesis is 

proposed: 

H3. Fintech has a heterogeneous influence on the profitability of different types of commercial banks. 

3. Research Design 

3.1. Model 

To clarify and investigate how fintech influences commercial banks’ profitability, we construct 

the following two-way fixed effects regression model: 

ROAi,t = β0 + β1Fintechi,t + β2Fintech2i,t + β3LnTAi,t + β4NPLi,t + β5NIRi,t + β6GDPi,t + β7CPIi,t + λi + μt + εi,t (1)

In Equation (1), the subscript i denotes the bank, t denotes the year, λ and μ denote the individual 

and time effects, respectively, and ε is the random error term. 

Regarding the heterogeneity test of the influence of fintech on the profitability of different 

categories of commercial banks, we divide the sample data into two groups: large state-owned and 

nationwide joint-stock commercial banks as sample group I and urban and rural commercial banks 

as sample group II. Empirical regressions are conducted successively to investigate whether there is 

heterogeneity in the influence of fintech on different categories of commercial banks. 

3.2. Variables 

Explained Variable: Commercial bank profitability. Scholars generally choose two indicators, 

return on assets (ROA) and return on equity (ROE), to describe commercial banks’ profitability. Lu 

et al. (2013) used both ROA and ROE indicators to study the factors affecting Chinese commercial 

banks’ profitability, and Hu et al. (2018) used the ROA indicator to analyze the relationship between 

financial innovation and commercial banks’ profitability. Taken together, ROA reflects the net profit 

created from total assets, whereas ROE reflects the value of the profit generated from net assets. 

Compared to the other two, ROE ignores the importance of credit assets. Therefore, this study uses 

ROA as an indicator of commercial banks’ profitability. 

Explanatory variable 1: Fintech Index. As domestic fintech is still in its developmental stage, 

there is currently no unified index system for measuring its development level. Most of the more 

authoritative fintech statistical indices were created later, such as the Fintech Center Index launched 

by the Sinan Research Institute of Zhejiang University in 2017 and the Xiangmi Lake Fintech Index 

published by the Shenzhen Stock Exchange in the same year, which do not completely reflect the 

development history of fintech in China. Therefore, most scholars construct indices through text 

mining methods or use proxy variables directly. For example, Guo and Shen (2015) synthesized an 

Internet finance index by searching keyword frequency on Baidu using a text mining method and 

factor analysis, while Wang and Zhu (Wang and Zhu 2022, Wang and Luo 2022) chose Peking 

University’s inclusive finance index as a proxy variable. Referring to the existing literature and 

considering the credibility and practicality of the data, this study selected the Peking University 

Digital Inclusive Finance Index (2012-2021) compiled by Peking University’s Digital Finance Research 

Center to measure the development level of China’s fintech. The fintech development level of each 

bank is evaluated using the digital inclusive finance index of the province in which its head office is 

located. 
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Explanatory variable 2: Fintech Future Development Index. In line with our hypotheses, we 

speculate that the influence of fintech on Chinese commercial banks’ profitability is U-shaped. To 

verify this conjecture, we refer to Xie et al. (2021) and introduce the squared term of Peking 

University’s Digital Financial Inclusion Index to represent the future development level of fintech. 

Control variables: Macroeconomic and internal banking factors. The macroeconomic factors 

include levels of macroeconomic development and inflation. First, the macroeconomic development 

level reflects the current development and future trends of various industries in China. Second, 

because the profits of Chinese commercial banks come from deposits and loan spreads, deflation or 

inflation will have a significant impact. In addition, banks’ internal factors are the cost-to-income 

ratio, non-interest income ratio, and total assets. The cost-to-income ratio assesses the expected cost 

per unit of income; the lower the ratio is, the stronger the bank’s profitability. Non-interest income 

refers to earnings from activities, such as intermediation, consulting, and investment, which are safer 

and more secure than interest income. Therefore, the higher the ratio of this income component is, 

the better the bank’s profitability. Total assets can measure a commercial bank’s status and strength; 

the larger the total assets, the more competitive the bank. Table 1 presents the definitions and 

descriptions of each variable. 

Table 1. Variable definitions and descriptions. 

Variable Type Variable Name Variable Symbol Formula 

Explained variable Return on total assets ROA Net income/total assets 

Explanatory variable 

Fintech Index Fintech 
Peking University Digital Financial 

Inclusion Index/100 

Fintech Future Development Index Fintech2 
Peking University Digital Financial 

Inclusion Index/100 squared 

Control variable 

Level of macroeconomic development GDP Year-on-year GDP growth rate 

Inflation CPI CPI price index 

Cost-to-income ratio CIR Operating income/management costs 

Percentage of non-interest income NIR Non-interest income/operating income 

Total assets LnTA Total assets in logarithms 

3.3. Data Sources 

Taking the completeness and availability of the data into account, we use the panel data of 46 

Chinese-listed commercial banks from 2012 to 2021 as the research sample. The sample includes six 

large state-owned commercial banks, 12 national joint-stock banks, 17 urban commercial banks, and 

11 rural commercial banks based on the China Banking and Insurance Regulatory Commission 

classification of commercial banks. The fintech index data come from the Peking University Digital 

Inclusive Finance Index (2012-2021) compiled by the research group of Peking University Digital 

Finance Research Center, the internal data at the bank level come from the Wind database, and the 

annual reports on the official websites of major banks, and the economic data at the macro level come 

from the Wind database and the website of the National Bureau of Statistics of China. 

4. Empirical Results 

4.1. Indicators and Descriptive Statistics 

Before conducting the empirical regression analysis, a descriptive statistical analysis of the main 

variables was conducted. The sample period is from 2012 to 2021. Table 2 summarizes each variable’s 

sample size, mean, standard deviation, and minimum and maximum values. 
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Table 2. Descriptive statistics. 

Variable Obs. Mean Std. Dev. Min Max 

ROA 460 0.8867922 0.2328428 0.0548533 1.704429 

Fintech 460 3.30413 0.9860015 1.07 4.62 

Fintech2 460 11.8861 5.829858 1.146399 21.36546 

GDP 460 6.725 1.640389 2.2 8.4 

CPI 460 102.04 1.036695 100.2 104.5 

CIR 460 31.39689 6.340105 18.93 66.47 

NIR 460 20.11007 10.60064 0.68 61.86 

LnTA 460 18.36623 1.679728 14.8641 21.9809 

According to the descriptive statistics, the mean value of the explanatory variable ROA is 0.89%, 

the minimum value is 0.05%, and the maximum value is 1.7%, implying that over the past ten years, 

all of the sample commercial banks had a positive ROA, though with considerable differences among 

them. Considering the difference in data volume, the explanatory variable Fintech is, therefore, 

reduced; that is, by dividing the original value by 100, the mean value of the explanatory variable 

after treatment is 3.30, the minimum value is 1.07, and the maximum value is 4.62, indicating that 

domestic fintech has continued to be popularized and has developed rapidly in the past ten years. 

We took the logarithm of the banks’ internal factors owing to the continuous innovation of 

commercial banks in recent years and the large value of total assets. The minimum value obtained 

after the treatment was 14.86, the maximum value was 21.98, and the standard deviation was 1.68, 

indicating large differences in asset size among the different commercial banks. In addition, the 

minimum and maximum values of the cost-to-income ratio and non-interest income ratio are both 

very different, and the standard deviation is larger than the rest of the values, which indicates that 

there are also sizable gaps among Chinese commercial banks in terms of their business decisions, 

operations, management, and profit structure. 

Regarding the macroeconomic variables, CPI is relatively stable, fluctuating steadily between 

100.2 and 104.5. The GDP growth rate peaked at 8.4% in 2021 and bottomed out at 2.2% in 2020, which 

may be attributed to the seriousness of the Xin Guan Pneumonia epidemic in the first half of 2020, 

leading to a drastic drop in GDP growth. 

4.2. Basic Regression Results 

Model 1 represents the basic two-way fixed effects model. After gradually deleting the least 

significant variables based on Model 1, new regression analysis Models 2 (deleting LnTA), 3 (deleting 

LnTA and NIR), and 4 (deleting LnTA, NIR, and CIR) were obtained. Table 3 reports the results. 

Table 3. Empirical regression analysis results. 

Variable 
(1) (2) (3) (4) 

ROA ROA ROA ROA 

Fintech -0.486*** -0.493*** -0.501*** -0.683*** 

Fintech2 0.085*** 0.087*** 0.087*** 0.112*** 

GDP -0.058* -0.065** -0.057* -0.027 

CPI 0.291* 0.324** 0.288* 0.134 

CIR -0.010*** -0.010*** -0.010***  

NIR 0.002** 0.002**   

LnTA -0.028    

Individual controlled controlled controlled controlled 

Time controlled controlled controlled controlled 

R2 0.660 0.659 0.654 0.625 

*, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
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Considering all factors, the first model was used as the main reference standard. According to 

the regression analysis results, the coefficient of the quadratic term of the explanatory variable Fintech 

is 0.085, which indicates that the image curve faces upward; the coefficient of the primary term is -

0.486, which is highly significant at the 1% level. Fintech and commercial bank profitability are indeed 

U-shaped and non-linearly correlated. Specifically, in the short term, fintech applications would play 

a negative role in commercial banks’ profitability; however, with the continuous innovation of 

fintech, it will be conducive to improving commercial banks’ profitability in the future, which is also 

consistent with Hypotheses 1 and 2. 

For the macroeconomic factors, the coefficient of the control variable GDP growth rate is -0.058, 

indicating that a higher GDP growth rate has negative effects on commercial banks’ profitability. In 

contrast, the coefficient of the control variable CPI is 0.291, indicating that an increase in the inflation 

rate promotes commercial banks’ profitability to some extent. 

From the viewpoint of internal bank factors, the regression coefficients of the control variables 

LnTA and CIR are all negative, but the result for CIR is more significant, implying that fintech 

applications can reduce the cost-income ratio of commercial banks. Under the wave of fintech, 

commercial banks use Internet technology to build online financial service platforms such as online 

banking and constantly broaden the scope of business and customer acquisition. Financial technology 

helps banks gradually transfer their business from offline to online. Acquiring new customers does 

not cause an increase in fixed costs, which effectively reduces the cost-income ratio. The coefficient 

of NIR is 0.002 and is highly significant at the 1% level, which means that the higher the proportion 

of non-interest income, the stronger the profitability of commercial banks. The non-interest income 

of Chinese commercial banks mainly originates from the settlements and credit card businesses. 

Along with the improvement in the development level of fintech, commercial banks take full 

advantage of big data and cloud computing technology for efficient approvals and real-time 

settlements. As online space is nearly infinite, the user group could expand infinitely, which improves 

non-interest income and enhances profitability. 

4.3. Heterogeneity Analysis 

To analyze the differing influence of fintech on the profitability of different categories of 

commercial banks, we separate the sample into Group I, which contains the large state-owned and 

national joint-stock commercial banks, and Group II, which contains urban and rural commercial 

banks. We run the regressions on each group and provide the results in Table 4. 

Table 4. Heterogeneity regression analysis. 

Variable 
Basic regression Sample group I Sample group II 

ROA ROA ROA 

Fintech -0.486*** -0.106 -0.620*** 

Fintech2 0.085*** 0.014 0.111*** 

GDP -0.058* -0.059 -0.077* 

CPI 0.291* 0.300 0.367* 

CIR -0.010*** -0.005*** -0.016*** 

NIR 0.002** 0.002 0.002 

LnTA -0.028 0.106 -0.012 

Individual controlled controlled controlled 

Time controlled controlled controlled 

R^2 0.660 0.643 0.701 

*, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 

The coefficient of the explanatory variable Fintech for sample Group I is -0.106, and that for 

Fintech2 is 0.014, though the results are not significant. Group II has coefficients of -0.620 for Fintech 

and 0.111 for Fintech2, which are highly significant. We can conclude that, in the short run, fintech 
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has a dampening effect on the profitability of different categories of commercial banks; however, its 

negative influence on the profitability of small- and medium-sized commercial banks is much larger 

than that on the profitability of large commercial banks. In the long run, fintech can positively affect 

the profitability of different categories of commercial banks; however, its effect on the profitability of 

small- and medium-sized commercial banks is more obvious than that on the profitability of large 

commercial banks. Thus, the application and development of fintech have significantly different 

influences on the profitability of different categories of commercial banks, which verifies Hypothesis 

3. 

4.4. Robustness Tests 

To ensure the reliability and accuracy of the results, we conducted a robustness test on the 

empirical regression model. The tests included replacing variables, adjusting data classification, and 

changing the standard model to observe the changes in the direction and significance levels of the 

empirical results. We verify that the robustness of the regression model is robust by shortening the 

sample period and adding or subtracting control variables. Specifically, we deleted the data for 2020 

and 2021 (Model 4), deleted the control variable of total assets (Model 5), and added the deposit-to-

loan ratio as a new control variable (Model 6). Table 5 summarizes the results. 

Table 5. Robustness test results. 

Variable 
Basic regression (4) (5) (6) 

ROA ROA ROA ROA 

Fintech -0.486*** -0.486*** -0.493*** -0.446*** 

Fintech2 0.085*** 0.082*** 0.087*** 0.081*** 

GDP -0.058* 0.148 -0.065** -0.084** 

CPI 0.291* 0.031 0.324** 0.410** 

CIR -0.010*** -0.014*** -0.010*** -0.010*** 

NIR 0.002** 0.001 0.002** 0.002*** 

LnTA -0.028 -0.045  -0.003 

LDR    0.002** 

Individual controlled controlled controlled controlled 

Time controlled controlled controlled controlled 

R2 0.660 0.684 0.659 0.664 

*, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 

In the robustness test, the regression coefficients of the explanatory variable Fintech are negative 

for all three new models, and those of Fintech2 are positive. All of the results are highly significant at 

the 1% level. Only the regression coefficients of the control variable, GDP, changed positively and 

negatively, which may have been caused by removing the epidemic’s effect in the alternate sample 

period. The coefficients of the remaining control variables do not show any significant changes, 

indicating that the model is robust and the empirical results are both accurate and reliable. 

5. Discussion 

5.1. The Influence of Fintech on Commercial Banks 

The application of fintech has a strong influence on all aspects of commercial banks. This study 

analyzes the influence of fintech on commercial banks’ profitability from both the theoretical and 

empirical perspectives and draws the following conclusions. 

First, fintech has a U-shaped nonlinear influence on commercial banks’ profitability. Specifically, 

in the early time of fintech application, owing to its large impact and the inability of most commercial 

banks to change their business philosophy quickly, the competition effect is far greater than the 

technology spillover effect, and banks’ profitability is reduced along with the application of fintech. 
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However, with the gradual popularization and development of fintech, commercial banks have 

started rationally utilizing or even developing fintech technologies independently. At this time, the 

technology spillover effect gradually exceeds the competition effect, and profitability improves. 

Second, there are clear differences in the influence of fintech on the profitability of different 

categories of commercial banks. Compared with large commercial banks, the application of fintech 

has a more obvious inhibitory effect on the profitability of small- and medium-sized commercial 

banks in the short run. However, with the in-depth reform of finance and technology, fintech 

development will also have a stronger promotional effect on the profitability of small- and medium-

sized commercial banks in the future. Overall, the widespread application and innovative 

development of fintech will eventually help improve commercial banks’ profitability. 

5.2. Implications for the Development of Commercial Banks 

5.2.1. Change Business Philosophy and Revenue Model 

From the empirical results, we can conclude that the current competition effect brought about 

by fintech exceeds the technology spillover effect; that is, Chinese commercial banks have not yet 

realized the importance of the long-tail effect. Traditional commercial banks tend to ignore small- 

and medium-sized customer groups and focus on large customer groups. However, the advent of 

fintech has made the implementation of this model difficult. Therefore, commercial banks should 

abandon the traditional management philosophy and concentrate on small- and medium-sized 

customer groups. For example, cooperation with high-quality fintech companies can be considered. 

On the one hand, commercial banks have long-term and stable customer flow, resources, and 

reputation; on the other hand, fintech companies can provide advanced and complete technology 

and equipment. Through cooperation, the two parties can give full play to the long-tail effect, attract 

tail customer groups, share useful resources, and achieve mutual benefits and win-win results. 

In addition, commercial banks should vigorously develop their intermediary businesses. For a 

long time, the interest rate spread between deposits and loans has been the main source of profit for 

most banks in China, and the smaller the scales of commercial banks, the more they rely on this profit 

model. Owing to the increasing popularity of the Internet and innovation in 5G technology in recent 

years, network service platforms such as Lingqiantong and Yu’e Bao have taken over the original 

market and customers. Therefore, commercial banks should prioritize intermediary businesses, 

optimize revenue models, divide the market for different customers simultaneously, and strive to 

improve service efficiency and quality. Second, based on the status of commercial banks in the 

financial industry, most customers have high levels of trust and strong stickiness. Therefore, on this 

basis, commercial banks can further expand their relationship networks, tap potential customers 

deeply, fully promote products and services, and promote the use of mobile payments. These banks 

can implement network platforms to obtain commissions and handle fees to promote the prosperity 

of intermediary businesses. 

5.2.2. Vigorously Improve the Innovation Capabilities of Fintech 

The regression analysis shows that commercial banks’ profitability is negatively correlated with 

fintech in the early stages of development but improves thereafter. Therefore, commercial banks 

should actively follow the fintech wave, rationally use and vigorously develop related technologies, 

and enhance their innovation capabilities. 

First, in terms of investment, commercial banks must allocate funds in a targeted and reasonable 

manner, focus on the R&D needs of artificial intelligence, and increase investment in AI-related 

hardware and software infrastructure. In the future, commercial banks’ development will focus on 

both the proportion and structure of technology investment. Commercial banks with a higher 

proportion of capital investment in the AI field of artificial intelligence are more competitive. 

Second, commercial banks will need to expand both the quantity and quality of talent. Such 

banks should formulate and implement a clear talent strategy; rationally coordinate the structure of 

traditional IT and data talents; increase the introduction of product managers, data analysts, and 
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algorithm engineers and expand the salary boundary; pay attention to the introduction of top product 

managers and artificial intelligence algorithm talents; and bring top talents’ leading role into full play. 

Finally, independent research and development are required to achieve independent 

controllability. In the future, commercial banks will apply artificial intelligence technology to various 

aspects of service, operation, marketing, risk control, and so on, which will involve a large amount 

of confidential information about the core business. Therefore, banks need to ensure independence 

and controllability through independent research and development as soon as possible. 

5.2.3. Choose the Appropriate Fintech Development Route 

The heterogeneity analysis reveals that the influence of fintech on the profitability of different 

categories of commercial banks differs significantly. Therefore, each type of commercial bank should 

be rooted in its own characteristics and advantages and choose a differentiated development route 

for fintech. 

(1) Large commercial banks should take advantage of the resources and build ecological 

platforms. 

Generally, large commercial banks have sufficient customer and product resources, capital, and 

technical strength. Therefore, in the process of promoting Internet-based process transformation, they 

can cooperate with fintech companies in some subdivisions, such as the “Fintech Joint Laboratory” 

jointly established by the Agricultural Bank of China and Baidu. Additionally, they can cooperate 

with external companies such as operators and online e-commerce platforms to open customer 

portals in diversified scenarios and platforms and embed services such as transfer, payment, lending, 

and wealth management. For example, the three Internet financial platform strategies of finance, e-

commerce, and social networking implemented by the Agricultural Bank of China are developing in 

this direction. Compared with technological innovation, large commercial banks should formulate a 

clear fintech development strategy and clarify their internal management processes and innovation 

concepts. 

(2) Small and medium commercial banks should create unique competitive advantages based 

on their resource endowments 

Relative to large commercial banks, most small- and medium-sized commercial banks are 

limited in scale and have a large gap in resources such as customers, talents, and technologies. 

Therefore, a large and comprehensive platform-based development strategy may not be suitable. 

However, they should develop distinct characteristics and create a “small and beautiful” 

differentiated road for technological and financial development. 

Regarding business models, most small- and medium-sized commercial banks should be rooted 

in their own resource endowments and innovate their development models through web-based 

thinking. They should adopt defensive strategies to stabilize customer sources by providing 

customized products for medium- and high-end customers. Simultaneously, other existing 

customers should be provided with an organic combination of direct sales, online banking, and 

mobile payments to make the service more favorable and convenient. Additionally, they should 

adopt an offensive strategy, take full advantage of the characteristics of grounding and high decision-

making efficiency to strive to win tail customers in the market and explore unique paths for small- 

and medium-sized commercial banks to develop fintech. 

Second, in terms of the implementation path, given the rapid development of the Internet tide, 

small- and medium-sized commercial banks should enhance cooperation with fintech companies to 

make up for their own shortcomings as soon as possible, reduce trial and error costs, and aim to 

collect technological dividends. For example, risk control models or cooperative loans can be built 

with the help of external technologies, and innovation in online financing and lending services can 

be implemented based on controllable costs and shared risks. Simultaneously, owing to the limited 

assets of a single small- and medium-sized commercial bank, it is usually impossible to achieve 

economies of scale. Therefore, they should work together to develop and grow, for example, by 

relying on common data and shared products to enrich application scenarios and increase product 

richness. 
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5.2.4. Develop Personalized Customization in a User-Centered Approach 

Currently, the products and services provided by most commercial banks in China lack 

competitiveness and differentiation, making it difficult for them to meet different customer groups’ 

demands, thereby reducing their competitiveness and weakening profitability. Therefore, in the 

process of digital transformation and upgrading, commercial banks should fully consider the 

uniqueness of each customer and provide them with professional and personalized financial services 

based on their needs and values to increase the penetration rate of products and services. First, 

through cloud computing, big data, and other advanced technologies, commercial banks can dig 

deep into customer information and build customer segments to understand the demand dynamics 

of existing and potential customers more accurately and efficiently. This can be used as a standard to 

classify different customers to achieve detailed management. Second, according to the needs of 

different customers, commercial banks should design differentiated products and services in a 

targeted manner to improve their service quality and reputation. Third, commercial banks should 

concentrate on enhancing the attractiveness and innovation of their products. Once the needs of 

different customers are grouped, evaluated, and analyzed, they should develop the corresponding 

products and services in the shortest time and continuously optimize the product logic and service 

process. 

5.2.5. Realize Digital Transformation and Upgrading 

From the empirical results, the innovative development of fintech in the future can encourage 

commercial banks to improve their profitability. Thus, commercial banks should actively follow the 

wave of digitalization, give full play to the technology spillover effect brought about by fintech, and 

complete digital transformation and upgrades. 

(1) Scenario-based front-end 

In the era of traditional finance, those who won the network usually won the world; however, 

in the era of Fintech 3.0, it is now the case that those who win the scenarios win the world. 

Commercial banks not only need to provide financial products and services but also need to connect 

WeChat, Taobao, Didi, and other fragmented life scenes to create seamless financial services. In 

addition, commercial banks should also pay attention to using AI in various scenarios to learn about 

customer needs and then use modular product development to configure targeted products for them. 

Finally, they should rely on service scenes integrated into the life and ubiquitous bank entrances to 

make transfers, loans, wealth management, and other financial services embedded in the daily work 

and life of customers; integrate into corporate account reconciliation the payment, financing, and 

lending, and economic management of public enterprises; and embed the tax payment, fiscal 

expenditure, social security, and other services for government customers. 

(2) Intelligent middle end 

The continuous development and application of cloud computing, big data, machine learning, 

and other emerging cutting-edge technologies will promote commercial banks’ intelligent 

transformation. Through data integration, model optimization, and other advanced technologies, 

commercial banks will complete their evolution from data-assisted support to intelligent decision-

making in areas such as asset-liability management and credit risk management. Specifically, in the 

credit business, data modeling and automatic judgment can be used to replace the experienced 

judgment of manual experts. The application of machine learning has also brought about dramatic 

changes in areas such as asset trading investments, internal controls, and compliance management. 

For example, COIN, a smart contract analysis app developed by J. P. Morgan, completed work that 

required 360,000 development hours in just a few seconds, and its accuracy rate has been greatly 

improved. 

(3) Cloud-based back end 

Compared with the costly calculation methods of the past, cloud computing, an emerging 

technology, has the ability to manage huge amounts of data, which makes the calculation process 

cheaper and more efficient while also eliminating the computing power gap between large and small- 

and medium-sized commercial banks. According to a survey of 102 financial service companies in 20 
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countries conducted by the International Cloud Security Alliance in 2015, 82% of financial institutions 

worldwide have already used or planned to use cloud services. In the future, large commercial banks 

will focus on private clouds, medium commercial banks will likely use core systems to build their 

own private clouds, and small commercial banks will gradually turn to financial industry clouds. 
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