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Abstract The rapid development of financial technology has had a profound impact on traditional banking,
particularly in terms of improving operational efficiency. This paper collects publicly disclosed data from 35 listed
banks between 2015 and 2024 and uses the EBM model to measure the operational efficiency of banks under
fintech. Through literature review, appropriate input and output indicators are selected to calculate the Malquist
index for the sample banks. Additionally, regression analysis is employed to conduct an empirical analysis of the
impact of fintech on bank operational efficiency. The average total factor productivity of the sample banks from 2015
to 2024 was above 1, with an annual improvement rate of 19.44%, and technological efficiency was the primary
factor driving this improvement. Additionally, state-owned large banks had the highest operational efficiency growth
rate at 31.2%, while national joint-stock banks and city banks had growth rates of 17.7% and 9.3%, respectively.
The intensity of fintech investment and the outcomes of fintech application significantly enhance banks' total factor
productivity and technological progress. The coefficients of the impact of fintech application outcomes on the overall
operational efficiency, technological progress index, and technical efficiency of state-owned large banks are 0.171,
0.164, and 0.017, respectively, indicating a significant positive effect.

Index Terms fintech, EBM model, Malquist index, regression analysis, bank operational efficiency

. Introduction

In recent years, with the widespread adoption of mobile internet and advancements in digital technology, fintech
has increasingly disrupted traditional finance. As new financial models such as blockchain, digital currencies, and
online lending emerge, many traditional banking operations face significant challenges [1]. Against the backdrop of
digital finance development, traditional banks have been broadly and profoundly impacted across multiple
dimensions, including business models, operational domains, management capabilities, and profitability [2], [3]. On
one hand, fintech leverages the efficient and convenient characteristics of modern science and technology in
information and data processing to apply them to the financial sector, which requires handling complex information
and conducting rapid and efficient data mining and processing [4]-[7]. Additionally, its coverage is more
comprehensive and extensive. Traditional financial institutions can leverage the low-cost and high-efficiency
advantages of digital finance to more effectively meet the service needs of all parties [8], [9]. On the other hand, in
today's rapidly developing fintech landscape, many new financial business models have emerged. The development
of electronic information technology has posed significant challenges to traditional financial institutions, undermining
their dominant position in financial markets [10]-[13]. How to leverage fintech to enhance bank operational efficiency
and core competitiveness is the key for banks to stand out in a competitive environment [14], [15]. Therefore,
conducting research and analysis on the impact of fintech development on bank operational efficiency can provide
valuable policy references for the long-term development of Chinese banks.

Academic circles generally recognize fintech as an emerging technology that can be effectively integrated with
the financial industry, representing the successful application of technology in the information industry sector.
Literature [16] outlines the positive impact of fintech on traditional banking operations, noting that it not only
improves banks' profitability and financial innovation capabilities but also effectively controls financial risks, thereby
enhancing the operational efficiency of the banking industry. Literature [17] measures the efficiency scores of
China's banking sector under different equity structures, finding that banks supported by fintech can effectively
improve their cost efficiency and technological innovation capabilities, which in turn manifests as enhanced service
efficiency. Literature [18] uses accuracy, effectiveness, and efficiency as evaluation criteria for bank operational
performance and combines intelligent PLS analysis methods to investigate the impact of fintech on banking
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operations. It finds that fintech can enhance banks' competitive advantages, improve customer experience, and
reduce operational costs, thereby improving bank operational efficiency. Literature [19] indicates that increasing
banks' investment in financial technology will significantly enhance their profitability while reducing their risk
exposure levels, which has a positive impact on banks' financial performance and operational stability. Literature
[20] explores the correlation between financial technology and internal cost efficiency in the banking industry,
pointing out that banks' cost efficiency improves with the level of financial technology application, and that the impact
varies significantly across different banking sectors. It can be seen that the above studies simply map bank
operational efficiency to economic performance evaluations. Since banks cannot assess overall efficiency using a
single or multiple indicators, the value of fintech in enhancing bank operational efficiency cannot be fully reflected.

This study provides a detailed introduction to the theoretical foundations of fintech in enhancing bank operational
efficiency, employing a combination of quantitative and qualitative methods. It selected 35 representative listed
banks in China, analyzed their annual and quarterly reports from 2015 to 2024, and utilized data envelopment
analysis to measure the relationship between technological investment and operational efficiency. Additionally, by
constructing a static short panel model, it conducted regression analysis using fintech investment intensity and
fintech application outcomes as core explanatory variables to empirically study changes in the operational efficiency
of the sample banks.

ll. Theoretical foundations of financial technology

FinTech [21] is a new technology system that deeply integrates financial and technological elements and
demonstrates its application in financial services. Generally speaking, the public's understanding of FinTech mainly
comes from examples in daily life, such as convenient payments via smartphones, easy transfer transactions on
mobile banking apps, and real-time account balance inquiries.

Il. A.Platform Economy Theory

Platform economy theory refers to an economic model in the digital age that promotes transactions and value
creation between suppliers and consumers through the establishment and operation of online platforms. Its core
concept is that by building an intermediary platform, efficient connections between suppliers and consumers can be
achieved, transaction costs can be reduced, transaction efficiency can be improved, and new value can be created.

In the fintech sector, fintech platforms integrate financial service providers and users to offer convenient and
efficient financial services that meet users' diverse needs. Fintech companies leverage the mechanisms of the
platform economy to achieve resource sharing and acquire more customer resources. Through multi-channel
development, they can successfully establish their own financial service platforms and attract a certain number of
customers. Once such a platform is established and a customer base is established, fintech companies can begin
to launch their own financial products and services on the platform.

Through the financial services platforms of fintech companies, customers can enjoy more convenient and
innovative financial products and services. These products and services may include online payments, personal
investment consulting, and loans. Customers can apply and operate online through the platform without visiting
traditional bank branches, thereby saving time and effort.

Il. B.The Long Tail Theory

The long tail refers to a phenomenon in the market where a small number of popular products or services account
for a large share of sales, while the majority of non-popular products or services have smaller sales volumes, yet
the overall sales volume remains substantial. In traditional economies, due to limited resources, suppliers produce
popular products or services based on market demand, while other non-popular products or services are neglected
or marginalized. However, the advent of the internet has broken this constraint, leading to the emergence of a large
number of long-tail products or services in the market.

The long tail theory has had a significant impact on the business model of banks. Traditional bank products have
primarily focused on developing mass-market demand, such as loans and savings. However, the long tail theory
posits that there are numerous niche demands in the market. Through fintech, banks can better address these niche
demands and develop more personalized products and services. For example, some banks have launched financial
products tailored to specific industries or groups, such as agricultural loans, further expanding their product lines.

Il. C.Innovation Diffusion Theory

The theory of innovation diffusion posits that the diffusion process of new technologies depends on factors such as
their relative advantage, compatibility, complexity, trialability, and observability. In the fintech sector, many
innovations possess distinct advantages, such as superior user experience, higher efficiency, greater compatibility,
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lower transaction costs, and more personalized products, enabling them to spread rapidly in the market. Additionally,
the diffusion of fintech also depends on factors such as the policy environment, market conditions, and user habits.

Research on the Impact of Financial Technology on the Operational Efficiency of the Banking Industry

Il. D.Network Effect Theory

The network effect theory posits that the value of a product or service is directly proportional to the number of users
who utilize it. In the fintech sector, many products and services (such as mobile payments and social investing) can
generate network effects, meaning that the more users there are, the greater the value of the service. For example,
mobile payment services like Alipay and WeChat Pay become more valuable as the number of users increases, as
more merchants are likely to accept them. Therefore, for fintech companies, the key to success lies in attracting
more users through high-quality services and innovative business models.

lll. Measurement and analysis of bank operational efficiency

lll. A. Selection of Efficiency Measurement Models

Data Envelopment Analysis (DEA) is one of the primary methods for measuring bank efficiency. DEA can be used
to set the model by adopting optimal weights, thereby calculating the relative efficiency between input factors and
outputs [22]. The EBM model, as an extension of the DEA model, can address the issue of slackness between
inputs and outputs and handle non-radial relationships that cannot be addressed by the CCR and BCC models.
Additionally, the EBM model incorporates both unexpected outputs and super-efficiency into the model, resolving
the issue of multiple efficient decision units being unable to be compared with one another.

To address the issue of slackness between input and output indicators, this paper introduces slack variables when
calculating indices. Based on this, this paper selects the EBM model to measure bank operational efficiency.
Additionally, to address the issue of inter-period comparability, this paper adopts the global reference method for
measuring total factor productivity, using bank data from different periods as the global frontier, thereby resolving
the issue of inter-period comparison.

lll. A.1) EBM-DEA model

The EBM-DEA model [23] assumes that the decision-making unit (DMU) is used to measure the operational
efficiency of banks, with a total of » DMUs (j=1,2,...,n) to be measured. The DMUs to be measured are denoted
as DMUK. The total factor productivity represented by DMUK is composed of m input indicators and s output
indicators. The input indicators are denoted as x (i=1,2,..,m) and the output indicators are denoted as
y,.(r =1,2,...,s) The super-efficiency EBM-DEA model constructed in this way is expressed as:
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p is the final quantifiable comparable efficiency value; - is the relaxation variable introduced into the model
for input indicators; ¢+ is the relaxation variable for output indicators; the model converts panel data into interface
data for ; different periods, so the total number of decision units is ;3 , and the interface data for different periods
is incorporated into a unified reference set ¢¢ to enable inter-period comparison. The specific formula is as follows:
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lll. A.2) EBM-DEA-Malmquist model
Unlike the EBM-DEA model, the EBM-DEA-Malmquist model focuses on measuring changes in efficiency.

The Malmquist total factor productivity model assumes that there are » decision-making units (DMUs) to be
measured and p periods, so the total number of DMUs is np . All DMUs in all periods are distributed in a unified
reference set ps .

The single Malmquist total factor productivity index for the global reference can be expressed as:
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Among them, M, represents the calculated Malmquist index, X! represents the input indicator of category ;
in period ¢ , and x;“ represents the input indicator of the same category in the next period of Xy and y;”

represent the output indicators for periods ; and ;41 respectively.
Further decomposition of M, yields efficiency change (EC) and technical change (TCg), whose intrinsic

relationship is as follows:
M, =ECxTC, (4)

Efficiency changes can be calculated based on the frontier of input-output indicators, while technological changes
mainly measure the changes in input-output indicators between two adjacent periods.
The specific calculation methods for efficiency changes (EC) and technological changes (TCg) are as follows:

EC=E" (", y™) | E'(x), 7))
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lll. B. Data Sources and Indicator Selection

In terms of data selection, this paper is based on data availability and collects publicly disclosed data from 35 listed
banks for the period from 2015 to 2024 through annual and quarterly reports of various banks, research institution
reports, company announcements, and the WIND and CSMAR databases.

Based on the principles for selecting indicators, this paper references the research of domestic and international
scholars and aligns with the direction of its own research. The following input indicators were selected: total deposits,
fixed asset scale, number of employees, and operating expenses. These indicators respectively reflect the bank's
inputs in terms of current assets, non-current assets, personnel, and expenses. Total loans, net profit, and net
interest income were selected as output indicators, respectively reflecting the bank's loan business, operating
revenue, and interest income. By incorporating the aforementioned four input indicators, three output indicators,
and the non-desired output indicator of non-performing loan ratio into the indicator construction system, the EBM-
DEA-Malquist index was ultimately measured.

lll. C. Calculation of changes in total factor productivity of banks
Based on the input-output data collected from the sample banks, this paper calculates the total factor productivity
(TFP) and its component efficiency indicators—technical efficiency (EC) and technical progress (TC)—for the
selected 35 listed banks from 2015 to 2024, in accordance with the measurement principles outlined above.
Additionally, the global score (G-Score) is calculated to measure the contribution of technical progress to efficiency
for the sample banks. In the measurement of total factor productivity, the DEAP 2.1 software was used, and the
results of the total factor productivity measurement for the sample banks are shown in Figure ﬂ

According to the calculation results in the figure, the final measurement results fluctuate around 1. When the
measured index result is greater than 1, it indicates that total factor productivity and decomposed efficiency are
currently in a state of progress. Similarly, a value equal to 1 or less than 1 indicates a state of stagnation or decline.
Among them, the TFP of the sample banks showed a certain improvement between 2015 and 2024, with the mean
values all above 1. Specifically, the annual average improvement rate of technical efficiency (EC) was 4.9%, the
annual average improvement rate of technological progress (TC) was 13.1%, and the annual average improvement
rate of TFP was 19.4%. Based on this, it can be concluded that the improvement in total factor productivity of the
sample banks between 2015 and 2024 was primarily driven by technological progress. Additionally, after 2020, the
global participation scores of the sample banks showed a sustained upward trend, indicating that the production
efficiency of the sample banks is gradually reaching the industry's global optimal level.
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Figure 1: The total factor productivity measure of the sample bank

Based on the input-output data collected from the sample banks, this paper calculates the total factor productivity
(TFP) and its component efficiency indicators—technical efficiency (EC) and technical progress (TC)—for the
selected 35 listed banks from 2015 to 2024, in accordance with the measurement principles outlined above.
Additionally, the global score (G-Score) is calculated to measure the contribution of technical progress to efficiency
for the sample banks. In the measurement of total factor productivity, the DEAP 2.1 software was used, and the
results of the total factor productivity measurement for the sample banks are shown in Figure Z

According to the calculation results in the figure, the final measurement results fluctuate around 1. When the
measured index result is greater than 1, it indicates that total factor productivity and decomposed efficiency are
currently in a state of progress. Similarly, a value equal to 1 or less than 1 indicates a state of stagnation or decline.
Among them, the TFP of the sample banks showed a certain improvement between 2015 and 2024, with the mean
values all above 1. Specifically, the annual average improvement rate of technical efficiency (EC) was 4.9%, the
annual average improvement rate of technological progress (TC) was 13.1%, and the annual average improvement
rate of TFP was 19.4%. Based on this, it can be concluded that the improvement in total factor productivity of the
sample banks between 2015 and 2024 was primarily driven by technological progress. Additionally, after 2020, the
global participation scores of the sample banks showed a sustained upward trend, indicating that the production
efficiency of the sample banks is gradually reaching the industry's global optimal level.
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Figure 2: Total factor productivity and its decomposition results
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IV. Empirical analysis of the impact of financial technology on banking operational
efficiency

IV. A. Variable Selection

IV. A. 1) Dependent variable

The above text uses the EBM model to calculate the operational efficiency of banks. Total factor productivity, the

technological progress index, and the technological efficiency change index are selected as explanatory variables,

each reflecting different aspects of business efficiency, and the impact of different explanatory factors on bank

operational efficiency is explored.

IV. A.2) Core explanatory variables

To more accurately reflect the development of fintech, this paper selects fintech investment intensity and fintech
application outcomes as the main explanatory variables. Fintech investment intensity refers to the level of
investment made by banks in fintech development, while fintech application outcomes refer to the productivity gains
achieved by banks through the use of fintech.

(1) Fintech investment intensity. This indicator directly reflects banks' investment in and emphasis on fintech, as
well as their level of development in fintech. It is calculated by dividing the total fintech investment of different banks
by their business revenue.

(2) Fintech application outcomes. This indicator directly reflects the profitability of fintech products for banks.

This paper evaluates the outcomes of banks' use of fintech using the number of updates to mobile application
software as an indicator. Mobile application software is used for online transactions, expanding marketing channels,
and providing users with better financial services. The number of updates to mobile applications can directly reflect
the effectiveness of banks' use of fintech; once relevant technologies are adopted, banks will inevitably upgrade
them promptly. In regression analysis, the natural logarithm of the number of updates to mobile application versions
is used as the evaluation indicator.

IV. A. 3) Control variables
Bank efficiency is influenced by numerous factors. To more accurately assess the relationships between these
factors and eliminate their interference, this paper requires variable management. This paper primarily selects
appropriate control variables based on the research findings of past scholars and the broader context of China's
economic and financial development.

(1) Macroeconomic Environment

For national economic development, GDP growth rate can serve as a standard for measuring the value added of
the national economy. In this process, banking operations play a crucial role in the stability and development of the
entire financial market, and their operational efficiency is often significantly influenced by changes in the economic
environment. When the economic situation is favorable, banks can obtain more resources to expand their credit
business, thereby enhancing their profit levels; however, if the economic situation deteriorates, banks may not only
face a reduction in credit scale but also encounter greater difficulties in promoting their products and services,
ultimately leading to a decline in their yield rates and a weakening of their overall operational efficiency. The CPI
index, or current consumer price index, can be used to assess the degree of inflation. If price indices rise, banks'
ability to attract deposits will be affected, thereby reducing their performance. At the current stage, the broad money
growth rate reflects the circulation of money in the market. The higher a country's degree of monetization, the higher
its level of financial development, and the performance of enterprises and other financial institutions is relatively
more stable. Therefore, studying the monetary policy environment helps understand financial market activities and
facilitates national macroeconomic regulation.

(2) Internal factors

The size of a company's total assets is an important basis for evaluating the scale of its assets. The capital
adequacy ratio is used to assess the level of operational risk a company can bear. If the capital adequacy ratio is
relatively stable, it indicates that the company has strong risk-bearing capacity at the current stage. Additionally,
effective control and management of the capital adequacy ratio can significantly curb a company's blind expansion.
For profit-seeking enterprises, the primary performance metric of interest is the average return on total assets, which
is positively correlated with a commercial bank's profitability and is measured by calculating the average value
obtained by subtracting the initial total assets from the total assets at the end of the calculation period. To achieve
higher income, banks will improve their operational management quality, thereby driving efficiency growth, which
constitutes a positive feedback mechanism.

IV. B. Construction of measurement models
This paper selects a static short panel model for regression analysis and sets the model as follows:
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Among them, y represents the operational efficiency of banks, x denotes the intensity of financial technology
investment, x  denotes the application outcomes of financial technology, ¢, ~¢, are control variables,

representing stock market activity, financial leverage ratio, market share, cost management capability, risk
management capability, and business innovation capability, respectively. ; denotes an individual bank, g

denotes the regression coefficient of the individual variable, and ¢, denotes the regression residual.

IV. C. Analysis of empirical results

IV. C. 1) Descriptive Statistics and Multiple Linear Tests

The descriptive statistical results of the main variables in this paper are shown in Table \1 \ It can be seen that the
changes in total factor productivity (TFP), which represents bank operational efficiency, and its decomposition
indicators—the technological progress index and the technological efficiency change index—are consistent with the
analysis discussed earlier. The mean value of TFP is 1.194, primarily influenced by the mean value of the TPI, which
is 1.131 (the mean value of the TEVI is 1.049, with relatively weaker fluctuations), indicating that the overall
operational efficiency of banks is showing a positive growth trend due to technological progress. The maximum
values for the financial technology indicators—financial technology investment intensity and financial technology
application outcomes—are 0.423 and 162, respectively, while the minimum values are 0.016 and 0, respectively.
The mean values are 0.092 and 19.839, respectively. This indicates that the sample banks are developing financial
technology at a relatively fast pace, with overall improvements in development levels.

Table 1: Descriptive statistical results of major variables

Variable Mean SD Min Max

Total factor productivity 1.194 0.405 1.040 1.411

Technological progress index 1.131 0.512 0.927 1.385

Technical efficiency index 1.049 0.419 0.923 1.206

Financial technology investment intensity 0.092 0.061 0.016 0.423
Financial technology application results 19.839 15.999 0.000 162.000

Economic added value of national economy 0.067 0.006 0.063 0.072

Inflation level 3.114 0.872 1.091 4.925

Market share 0.017 0.022 0.000 0.116

Monetization 1.036 0.431 0.033 2.785

Size of bank 0.955 0.165 0.572 1.818

Earning capacity 0.554 0.156 0.073 0.954

This section further uses the variance inflation factor (VIF) method to test for multicollinearity, with the results of
the multiple linear regression analysis shown in Table 2\. As can be seen from the data in the table, the VIF values
for all variables are less than 5, indicating that there is no multicollinearity issue among the variables.

Table 2: Multiple linear test results

Variable VIF 1/VIF

Financial technology investment intensity 1.807 0.553
Financial technology application results 2.217 0.451
Economic added value of national economy 2.07 0.483
Inflation level 1.181 0.847

Market share 2.908 0.344

Monetization 2.598 0.385

Size of bank 2.936 0.341

Earning capacity 2.842 0.352

IV.C. 2) Regression results
This section uses SPSS software to conduct regression analysis on the dependent variables—total factor
productivity, technological progress index, and technological efficiency change index—yielding the regression
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results shown in Table . As indicated in the table, the regression coefficients for financial technology investment
intensity and bank total factor productivity, technological progress index, and technological efficiency change index
are 0.231, 0.134, and -0.022, respectively. Additionally, the regression coefficients for the application outcomes of
financial technology on banks' TFP, the technological progress index, and the technological efficiency change index
are 0.128, 0.093, and -0.016, respectively. Among these, the regression coefficients for financial technology
investment intensity and financial technology application outcomes on banks' TFP and the technological progress
index are significantly positive, while the regression coefficient for the technological efficiency change index is
negative but not significant. This result indicates that the development of fintech has a significant positive impact on
technological progress but a negative impact on technological efficiency, though the latter is not significant.

The reason for this is that the development of fintech promotes technological innovation in banks, enhances their
profitability and customer base, and increases their market share, but it also intensifies industry competition. Banks
continuously seek further technological breakthroughs to maintain their competitive advantage. However, the
positive impact of fintech on banks' internal economies of scale, management capabilities, and quality control is not
significant, and in some cases, it even has an inhibitory effect.

Research on the Impact of Financial Technology on the Operational Efficiency of the Banking Industry

Table 3: Correlation analysis results

Variable Total factor productivity Technological progress index Technical efficiency index
Financial technology investment 0.231%**(5.673) 0.134*%(6.417) -0.022(4.492)
intensity
Financial technology application results 0.128***(1.975) 0.093***(2.248) -0.016(1.527)
Economic added value of national -3.817%%(-3.692) 2.173**(-4.435) -2.285**(-4.198)
economy
Inflation level 0.065***(1.643) 0.038***(1.174) 0.057***(1.442)
Market share 10.271***(9.773) 8.632***(8.165) 7.296***(8.541)
Monetization 0.009(0.885) 0.001(0.627) 0.003(0.836)
Size of bank -0.003(0.221) -0.006(0.142) -0.002(0.105)
Earning capacity 0.219***(3.614) 0.273***(2.243) 0.195***(2.317)
_cons 1.367***(8.764) 1.253(9.462) 1.085(13.976)

Note: **p<0.01, **p<0.05, *p<0.10.

IV. C. 3) Heterogeneity test

This section categorizes banks into three types—state-owned large banks, national joint-stock banks, and city
banks—as in the preceding text, and examines the impact of financial technology investment intensity and financial
technology outcomes on the operational efficiency of banks of different types. The results of the heterogeneity test
are shown in Table 4.

As shown in the table, the intensity of financial technology investment has varying degrees of impact on the three
key indicators of the aforementioned three types of banks. The impact on state-owned large banks is the most
significant, with coefficients ranging from 0.587 to 0.769, and passing the 0.01 level of significance test. The impact
on national joint-stock banks is the next most significant, while the impact on city banks is the least significant. The
impact of fintech achievements on state-owned large banks is the only one that passes the significance test, with
coefficients of 0.171, 0.164, and 0.147 for total factor productivity, technological progress index, and technological
efficiency change index, respectively. The impact on national joint-stock banks and city banks is not significant.

In summary, financial technology has a significant positive effect on the overall efficiency, technological progress
index, and technological efficiency index of state-owned large banks, a result consistent with the previous analysis
of banks as a whole. This phenomenon may be because state-owned large banks are directly regulated by the
central government, and national policies supporting the development of financial technology are implemented first
and most effectively in such banks. Additionally, these banks have strong policy implementation capabilities, robust
financial strength, and adequate R&D investments, which further explain the aforementioned positive correlations.
Compared to state-owned large banks, national joint-stock banks and city banks demonstrate greater flexibility and
local advantages. However, their overall capital base is insufficient to fully support the implementation of flexible
solutions such as technological transformation and updates, thereby slowing their ability to adopt emerging
technologies to explore new operational models. As a result, the impact of fintech development on operational
efficiency is less pronounced in these two categories of banks, leading to the relatively lower significance and
smaller coefficients observed in the results.
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Table 4: Heterogeneity test results

. Financial technology investment Financial technology application
Variable . .
intensity results
. 0.769*** 0.171***
Total factor productivity
(6.238) (0.121)
Technological progress 0.587*** 0.164***
Large state Banks )
index (6.479) (0.113)
. - . 0.602*** 0.147***
Technical efficiency index
(5.713) (0.124)
. 0.357*** 0.012
Total factor productivity
(7.142) (-2.375)
National shareholding Technological progress 0.269*** 0.015
bank index (5.573) (1.245)
. - ) 0.314*** 0.018
Technical efficiency index
(4.671) (1.325)
. 0.143* 0.022
Total factor productivity
(3.251) (3.275)
City bank Technological progress 0.115* 0.039
index (2.243) (3.746)
. - . 0.127* 0.027
Technical efficiency index
(1.985) (3.084)

Note: **p<0.01, **p<0.05, *p<0.10.

IV. C.4) Robustness testing

To confirm the reliability of the conclusions, a robustness test of bank operational efficiency was conducted on two
indicators of financial technology: financial technology investment intensity and financial technology outcomes. The
results of the robustness test are shown in Table 5. Based on the results of the robustness test, it can be seen that
the signs of the coefficients of the explanatory variables and control variables are consistent with the original
regression results, and the significance of some variables' coefficients has changed slightly. However, overall, the
analysis coefficients and significance of the regression results remain largely consistent. Therefore, the conclusions
drawn are reliable.

Table 5: Robustness test results

Variable Total factor productivity Technological progress index Technical efficiency index
Financial technology investment
) . 0.209***(5.341) 0.121***(6.286) -0.020(4.517)
intensity
Financial technology application results 0.135***(1.693) 0.087***(2.135) -0.013(1.212)
Economic added value of national
-2.931***(-3.315) -1.986***(-3.918) -2.157***(-4.283)
economy
Inflation level 0.052***(1.451) 0.030***(1.102) 0.043***(1.256)
Market share 9.635***(9.812) 8.418***(8.203) 7.182***(8.315)
Monetization 0.006(0.672) 0.002(0.591) 0.001(0.768)
Size of bank -0.003(0.212) -0.004(0.118) -0.001(0.093)
Earning capacity 0.204***(2.147) 0.183***(1.955) 0.189***(2.245)
_cons 1.243*%(8.516) 1.079(9.113) 0.973(12.684)

Note: **p<0.01, **p<0.05, *p<0.10.

V. Conclusion

The article is based on panel data from 35 typical listed banks from 2015 to 2024. It uses the DEA-Malmquist
method to calculate the operational efficiency of the 35 sample banks and conducts static and dynamic analyses.
To examine the impact of fintech development on bank operational efficiency, multiple control variables are selected,
and a static short panel model is used to empirically study the impact of fintech development on bank operational
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efficiency and conduct robustness tests. Through empirical verification, the study confirms the existence of a
mediating effect of fintech development in this process, leading to the following conclusions:

The results of the DEA model indicate that the operational efficiency of the sample banks fluctuated between
2015 and 2024, with an average annual improvement of 19.4%, a technical efficiency increase of 13.1% annually,
and relatively limited progress in technological advancement. Static analysis indicates that the development of
fintech has the greatest impact on the growth of operational efficiency in state-owned large banks, with a growth
rate of 31.2%.

In the multicollinearity test, the VIF values of all variables ranged from 1.181 to 2.936, far below 5, indicating that
there is no multicollinearity issue among the variables. The intensity of fintech investment significantly improves
banks' total factor productivity, while it has a negative effect on technological progress, though not significantly.

The intensity of financial technology investment has a significant positive impact on the three key indicators of
state-owned large banks, national joint-stock banks, and city banks, while the application outcomes of financial
technology only have a significant positive impact on the three indicators of state-owned large banks.

Research on the Impact of Financial Technology on the Operational Efficiency of the Banking Industry
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