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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Does financial inclusion moderate the effect of 
digital transformation on banks’ performance in 
China?
Fan Yang1* and Tajul Ariffin Masron2

Abstract:  Digital transformation remains a passion. Globally, science and technol
ogy are transforming businesses to make them more competitive and conducive to 
sustainable development. However, rapid advancements in financial technology 
have enabled financial institutions to steal customers from traditional banks, 
resulting in their demise. Consequently, this study employs the System GMM-two 
step estimator and data from 118 Chinese banks from 2014 to 2021 investigate the 
issue. Empirical evidence suggests that banks’ digital transformation has a negative 
impact on their profitability to some extent, but digital inclusive finance has enabled 
the bank to change its digital transformation behavior and enhance its operational 
performance. Therefore, banks must continue to strengthen their digital transfor
mation by expanding online customer services, increasing the use of e-accounts 
and mobile applications, providing digital offline services, strengthening digital risk 
management and privacy and security controls, reducing customer psychological 
risk, and promoting financial inclusion. Financial inclusion should simultaneously 
achieve reduced financial exclusion of customers and increased financial literacy of 
customers. All these factors will help banks to maintain profitability by leveraging 
synergies with financial inclusion in the process of digital transformation.

Subjects: Economics; Finance; Business, Management and Accounting 

Keywords: digital transformation; financial inclusion; commercial bank; profitability; GMM; 
China

1. Introduction

1.1. Research background
The UN’s “World Economic Situation and Prospects 2023” study predicts that global economic 
growth is expected to reach 1.9 percent, one of the lowest in decades. In the past century, 
economists have been delving deeply into the relationship between finance and the economy 
(Levine, 1997, 2005). Some economists argue that when the financial sector expands beyond a 
certain point, it may have detrimental effects on overall economic well-being Lucas (1988). On the 
other hand, the financial sector is widely regarded as the central engine of economic growth 
(Berger et al., 2020). As stated by Bernanke (2007), “We should always be mindful of the enormous 
economic benefits brought about by a robust and innovative financial sector.”
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In the 1950s, the pioneers in the study of technical efficiency are Koopmans (1951), Debreu 
(1951) and Farrell (1957). About Digital Transformation, Jafari-Sadeghi et al. (2021), Tsou and Chen 
(2023) agree that digital transformation is a revolutionary revolution that accelerates the activ
ities, processes, and capacities of an organization. There is no currently accepted standard for the 
concept of digital transformation. As shown by the birth of the phrase “financial technology,” 
digital transformation may be seen as an extension of the continual development of financial 
technology, which represents the union of “finance” and “information technology.” (Jafari-Sadeghi 
et al., 2021; Nambisan et al., 2019) FinTech, at its heart, is the delivery of new and enhanced 
financial services via the use of technology. Utilizing science and technology, it increases and 
improves financial operations (Thakor, 2020). According to some academics, digital transformation 
is a combination of enterprise and IT transformation. Using digital transformation technology, the 
goal is to convert consumer information and data into trustworthy information for companies to 
make applicable decisions, as well as to build new business models adapted to client requests 
(Demlehner & Laumer, 2020; Tsou & Chen, 2023). In addition to technological change, some 
experts claim that digital transformation connects to the company itself. The digital transforma
tion process cannot be completed just via the use of digital technologies. Additionally, the 
acquisition of digital skills of digital skills, digital strategy, digital culture, and digital talent is 
essential (Drechsler et al., 2020; Hinings et al., 2018).

Regarding the effects of digital transformation on the banking industry, there is currently no 
consensus. In the digital world, banks may more effectively employ technological tools to decrease 
costs and increase efficiency, so enhancing their own profitability (Del Gaudio et al., 2021; Huang,  
2023; Lee et al., 2021; Peter et al., 2023; Prakash et al., 2021; Wang et al., 2021). There is other 
pertinent research that has shown that the advancement of technology does not benefit busi
nesses (Do et al., 2022; Gupta et al., 2018). Digital transformation of banks can more effectively 
achieve finance inclusion, provide high-quality financial services to a wider customer base, and 
increase bank profits. In turn, the demand for finance inclusion may also push banks to carry out 
deeper digital transformation to reduce risks and improve profitability. This reminds us that digital 
transformation may be affected by financial inclusion, producing dynamic changes in profitability. 
This becomes the central idea of this study. Therefore, while digital transformation presents great 
opportunities, not all banks will be able to successfully realize this transformation. This calls for an 
in-depth study of the impact of digital transformation on bank profitability and whether financial 
inclusion plays a role in moderating the impact on profitability.

1.2. Research significance
Digital transformation is the primary technique for increasing organizational efficacy, decreasing 
costs, and supporting long-term economic development. More digital transformation means that 
firms will be able to operate for a prolonged length of time in a hard economic environment while 
simultaneously providing more value, supporting the national economy, and improving the lives of 
people. In essence, most countries are aware of the state of digital transformation, which has 
greatly assisted firms seeking long-term development in the face of intense competition in avoid
ing bankruptcy and layoffs. Commercial banks must embrace digital transformation if they want to 
boost their overall strength and promote sustainable growth. Numerous banks have raised digital 
transformation to the rank of a strategic project and continue to do comprehensive, relevant, and 
substantial research in this area.

Despite hints of digital transformation beneficial role in improving profitability, it doesn’t sound 
that effective and even exist negative (Figure 1). Digital transformation may increase the efficiency 
and customer happiness of banks, but it does not inevitably increase their profitability. First, banks 
may be required to invest substantial funds and resources in digital transformation, which may 
temporarily diminish their profitability. Second, banks may meet hurdles such as cybersecurity and 
data privacy problems (Johri et al., 2023; Lallie et al., 2021), as well as the necessity to reorganize 
business models and corporate cultures while undergoing digital transformation. These constraints 
may hinder the profitability of a bank. In addition, other elements, such as risk, market climate, 
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competition, and laws and rules, may also impact banks’ profitability. Even when banks undertake 
digital transformation, these issues may impact their profitability. Financial inclusion, as one of the 
externalities of digital transformation, may moderate the direct effect of digital transformation on 
bank profitability. Through digital transformation, finance inclusion can be improved, and it is a 
breakthrough tool for the development of finance inclusion (Afawubo et al., 2020; Sodokin et al.,  
2022). In turn, finance inclusion will also promote digital transformation of banks, reduce risks and 
increase profits (Demirgüç-Kunt et al., 2020; Marcelin et al., 2022). Current literature study focuses 
on the effect of financial technology on bank profitability when internal and external of financial 
technology are separated. Therefore, this essay will integrate internal and external influences to 
examine the impact of digital transformation on profitability, fill a gap in the literature, and offer 
banks valuable reference material.

This study uses the organizational structure shown below. Part 2 is a literature review and Part 3 
presents the research methodology. Part 4 presents the results of the study, Part 5 the limitations 
and policy implementation of this study, and Part 6 the conclusion.

2. Literature review
Currently, digital transformation has become an urgent strategic task for traditional commercial banks 
(Tan et al., 2022; Wang et al., 2021; Xie & Wang, 2023). The digital transformation of banks is essentially 
a financial innovation driven by technology (Abdulquadri et al., 2021; Do et al., 2022; Du & Liu, 2022; Vial,  
2019). Digital technology only offers the possibility of success. If done right, this will be promising. If it’s 
not done well, it’s even worse (Huang, 2021). Scholars generally study the impact of internal financial 
technology and external financial technology on bank profitability separately, and there is no consensus.

From an internal financial technology perspective, one perspective posits that the digital revolu
tion has positively influenced bank profitability (Bandara, 2016; Broeders & Khanna, 2015; 
Mylonakis, 2018). More and more commercial banks are beginning to use financial technology 
within their organizations to transform and upgrade, thereby improving their operating perfor
mance (Li et al., 2017). Technologies such as mobile information communication and big data 
analysis can enhance operational performance in traditional commercial banking (Yang & Liu,  
2018). FinTech applications can reshape traditional banking by reducing costs and increasing 
efficiency (Zhang et al., 2019). As a new product of the bank’s digital transformation driven by 

Figure 1. Digital transformation 
(DIG) vs ROE. 
Note: DIG is obtained through 
the weighted average of the 
word frequency statistics of 
the strategy, business, and 
management transformation 
sub-indicators. The unit of ROE 
is %, and the unit of DIG is 
word frequency.

Source: Peking University 
Digital Finance Research 
Center. xxl@nsd.pku.edu.cn
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business innovation and product innovation, Mobile Financial Services has brought long-tail cus
tomer groups to the bank and improved the bank’s business coverage and profitability (Jagtiani & 
Lemieux, 2018; Konte & Tetteh, 2023; Shaikh et al., 2023). On the contrary, some researchers 
propose that the digital revolution has negatively impacted bank profitability (Elfeituri, 2018; Li & 
Jia, 2018). Beccalli (2007) posits that the relationship between investments in new technology and 
bank profitability is tenuous, and Hajli et al. (2015) highlight that the benefits of digital transfor
mation-driven growth are limited to select businesses. Kriebel and Debener (2019) suggest that 
efficiency improvements may take several years to materialize, with difficulties in digital transfor
mation potentially leading to declines in efficiency and profitability. As Cao et al. (2022) state, not 
all banks are successful in technology investments and implementations.

When discussing the impact, academics exclusively consider the effects of direct financial 
technology deployment. Although it may improve profitability in future trends, there are other 
considerations to consider, such as the inherent dangers of the technology (Mishchenko et al.,  
2021). In mobile financial services, for instance, when clients input their cell phone numbers 
improperly, privacy problems may be compromised or transactions may fail, negatively impacting 
the customer experience. Integrity issues, monetary crime risks (such as terrorist financing), 
financial crime risks (such as data breaches and digital financial services debt), and privacy and 
data regulations are further examples (Ebong & Babu, 2020; Johri et al., 2023). All these factors will 
affect bank profitability. Based on the literature, we propose the following hypotheses:

Hypothesis 1: Digital transformation has a negative impact on bank profitability to a certain 
extent.

From the perspective of external financial technology, most scholars mainly study the impact of 
external inclusive finance on bank profits. Financial inclusion refers to the process of providing 
basic financial services to marginalized and excluded members of society and ensuring that 
vulnerable groups in society have access to sufficient lines of credit at a reasonable cost (Malladi 
et al., 2021; Rumbogo et al., 2021). Regional disparities in traditional commercial banks’ distribu
tion of financial resources, which can be addressed through digital financial inclusion (Vincent & 
Cull, 2011). Leveraging digital technology in the financial sector can substantially reduce the cost 
of financial services, extend financial coverage, and increase penetration (Das & Das, 2020). Wang 
and Xie (2021) also argue that regional digital finance expansion enhances innovation among 
commercial banks, promoting product and management innovations. Through digital channels, 
banks can reach these customers more easily and expand their customer base. This means more 
savings accounts, loan applications and other financial products, thus increasing potential profit 
opportunities. As financial inclusion grows, the amount of risk carried by commercial banks will 
stabilize and the development of inclusive finance allows more poor people and small businesses 
in need of lending to resolve their financial difficulties in a stable manner (Ahamed & Mallick, 2019; 
Demirgüç-Kunt et al., 2020; Marcelin et al., 2022). For mobile financial services, through digital 
financial inclusion, stronger identity verification, better customer data management and more 
timely notifications can be achieved to reduce transaction issues caused by entering incorrect 
mobile phone numbers. These measures have indirectly improved the bank’s profitability. Based on 
the literature, we propose the following hypotheses:

Hypothesis 2: Digital inclusive finance plays a moderation role in mitigating the negative impact 
of digital transformation on bank profitability.

Some scholars have also conducted research on the factors that affect bank profitability. Asset 
liability management emerges as a crucial determinant (Owusu & Alhassan, 2021), and the size of 
a bank is seen as a significant predictor of performance (Adelopo et al., 2018). Capital adequacy 
ratios help banks mitigate operational risks cost-effectively (Tecles & Tabak, 2010), and non- 

Yang & Masron, Cogent Economics & Finance (2023), 11: 2267270                                                                                                                                   
https://doi.org/10.1080/23322039.2023.2267270

Page 4 of 22



interest income enhances profitability (Abedifar et al., 2018). Wahyudin et al. (2021) find that net 
interest margin has a positive and significant impact on profitability.

Previous studies have shown that digital transformation plays a positive and significant positive 
role in improving bank performance (Huang, 2023; Khattak et al., 2023; Mirza et al., 2023; Xie & 
Wang, 2023). However, our study focuses more on the moderating role of financial inclusion in the 
relationship between banks’ digital transformation and bank performance than previous studies. 
This research perspective is different from the work of Guo and Zhu (2022), Lu et al. (2023), Guo et 
al. (2023). None of the above literature has examined the impact on bank profitability from the 
perspective of combining internal digital transformation and external financial inclusion. In con
trast, our study finds that financial inclusion plays a key role between digital transformation and 
bank performance, which provides a new perspective to previous studies. This suggests that the 
successful implementation of digital transformation requires not only consideration of technolo
gical factors, but also a focus on financial inclusion measures that ensure that broader social 
groups can benefit.

Therefore, our study distinguishes itself from prior research on the topic in two notable ways, 
thereby addressing a critical gap in the existing body of knowledge.

First, none of the earlier research on the impact of digital transformation on business perfor
mance provided quantifiable empirical data. Current research primarily relies on case studies. For 
instance, Mirković et al. (2019) illustrate the example of DBS Bank in Singapore, a renowned leader 
in digital transformation and considered one of the world’s premier digital banks. Second, when 
assessing the influence of digital technology on profitability, many researchers have examined 
internal digital transformation and external financial inclusion development as separate entities. 
However, banks do not operate in isolation; they require both internal and external collaborations 
to enhance their efficiency. This article bridges the gap by integrating research on banks’ internal 
digital transformation with the growth of external inclusive finance, offering a more comprehen
sive perspective and valuable reference points for businesses.

3. Methodology

3.1. Model specification
According to the long-tail theory Anderson (2004), long-term accumulation and development, the 
market composed of products with few sales volume may exceed the mainstream market in terms of 
market size, and the huge demand will bring considerable benefits to enterprises. 20% of the large 
customers of commercial banks create 80% of the bank’s revenue, but the remaining 80% of small 
customers should also attract the attention of banks, which can be improved through the develop
ment of financial technology. Commercial banks may employ financial technology to rebuild financial 
value and produce more tailored financial goods and services for typical client groups, therefore 
enhancing their customers’ experience and happiness over time and generating greater profit mar
gins. Inevitably, digital technology will influence the evolution of commercial banks. This point of view 
can obtain a certain theoretical basis and support through the theory of financial innovation. The 
theories of financial profitability and corporate profitability are relevant to the banking sector as well. 
In the 1990 Harvard Business Review article “Enterprise Core Competence,” it was said that the core 
competitiveness of organizations is to allow firms to achieve more rapid growth while continually 
decreasing their costs, so that their own costs are lower than those of their rivals. If these two points 
are achieved, the probability of the company’s acquisition of core competitiveness will be greatly 
increased. According to the IT capability view, a company’s IT capability determines how effectively it 
can organize and integrate its internal and external resources as well as how simple it is to gain 
ongoing comparative advantages in market competition, all of which contribute to a higher level of 
business performance (Bharadwaj, 2000). These talents may be used by more efficient businesses to 
save expenses and become cost leaders in their sector (Barney, 1991). These ideas may give a stronger 
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theoretical foundation for the link between investment in digital transformation and profitability. The 
following is a broad representation of the hypothesis’ structure: 

where PR is ROE, Y is degree of digital transformation (DIG, DIGS, DIGM, DIGB) and Z is an indicator 
of all the other influencing variables. Y*INDEX indicates that firms are not independent entities, 
and the variety of their external environment may also contribute to variances in business 
innovation. To date, however, it has not been thoroughly debated whether technological advance
ment in the external environment encourages digital development in the same way that it 
encourages innovation in conventional firms. This is due to the fact that current research fre
quently considers technical growth to be uniform across domains (DeYoung & Hasan, 1998; Wang 
& Xie, 2021). The digital financial business model discussed in this article has a super-geographical 
service scope, but its development degree is still impacted by geospatial variables, and the amount 
of digital financial development in various locations varies (Guo et al., 2020). This article explores 
the impact of digital transformation on the profitability of commercial banks in a geographically 
varied scenario. Using the methodologies outlined in the literature, I will include an interactive 
project into the PR equation: DIG*INDEX. We predict that the interaction item predominantly 
determines the impact of the digital financial sector in the region when commercial banks undergo 
digital transformation, and we want to investigate the effect of the interaction item on ROE. 
Therefore, we get the following model: Based on what we have learnt from the literature, we 
may alter Equation (1) to read: 

where INDEX, SIZE, LEV, NIM, NI, CAR represent that financial inclusion index (City), bank size, assets 
and liabilities, net interest margin, proportion of non-interest income, capital adequacy ratio, respec
tively. This part will focus on the topic of digital transformation and its link to bank performance 
since that is the primary objective of this study. The estimating model may be rewritten as follows: 

@ and β0s are parameters to be estimated. i refers to bank and t denotes time. Years capture a 
vector of time dummies. ui;t is an individual characteristic that does not change with time, εi;t is a 
random error item. In this study, we use a method called “panel estimation” to figure out Eq (3). 
Panel data models are favoured over other models owing to their many advantages, such as their 
capacity to compensate for variances between banks at the individual level, their abundance of 
supplementary information and flexibility, and their low degree of variable overlap (Baltagi, 2008). 
This research use system generalised moment estimation to calculate the model’s parameters 
since it is more effective than differential generalised moment estimation. Phan et al. (2020) 
establish a dynamic panel model by incorporating the first-order lag items of the proxy variables 
that measure commercial bank performance into explanatory variables. This research used the 
system generalised moment estimation (System GMM-two step) approach to examine the influ
ence of digital transformation on operational performance, since the operating performance of 
commercial banks exhibits temporal continuity and may be susceptible to endogenous challenges. 
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Table 1. List of variables definition and source

Variables Definition/measurement Source
ROE Return on Equity=net profit/ 

shareholders’ Equity
CSMAR: http://www.gtarsc.com/ 
#/index

DIG The principal component analysis 
method is used to determine the 
weight of each indicator, the linear 
efficacy function method is used to 
perform dimensionless processing 
of the data, and the weighted 
average is graded from bottom to 
top. The total transformation index 
is obtained through the weighted 
average of the transformation sub- 
indexes (Xie & Wang, 2023).

Peking University Digital Finance 
Research Center. xxl@nsd.pku.edu. 
cn; pku_dfiic@163.com

DIGB Measured through three 
dimensions: digital channels, digital 
products, and digital R&D. Among 
them, digital channels are 
measured by whether the bank has 
launched mobile banking and 
WeChat banking that year; digital 
products are characterized by the 
launch of Internet financial 
management, Internet credit and 
e-commerce; digital research and 
development is constructed by the 
application information of banks’ 
digital technology patents (Xie & 
Wang, 2023).

DIGM Measured through three 
dimensions: digital architecture, 
digital talents, and digital 
cooperation. The digital 
architecture is measured by 
whether the bank has adjusted its 
organizational structure. 
Adjustments such as adding an 
Internet Finance Department, 
Digital Finance Department, and 
FinTech Department are made 
within the bank’s organizational 
structure. Adjustments made 
outside the bank’s organizational 
structure such as establishing a 
financial technology subsidiary are 
measured.;Digital talent is 
measured by the proportion of 
executives and directors with 
information technology 
backgrounds in the bank’s 
executive team and board of 
directors; Digital cooperation is 
measured by the bank’s 
cooperation with external financial 
technology companies (Xie & 
Wang, 2023).

(Continued)
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On the right side of the dynamic panel model are dependent variables whose values have evolved 
through time. φ are parameters to be estimated. Where σ is the coefficient of the lagged 
dependent variable.

As profitability metrics for commercial banks, most current mainstream academic research 
favors return on total assets (ROA, Return on Assets) or return on net assets (ROE, Return on 
Equity). In this paper, return on equity (ROE) is selected as the explained variable.

Banks have historically used various ratios to assess the strength of profitability. Among them, 
ROE is more widely accepted because of its simple and intuitive characteristics. According to 
relevant research, there are several elements that influence the profitability of banks. Borio and 
Gambacorta (2017) discovered in their empirical analysis of commercial bank profitability that 
asset size, financial innovation capabilities, and risk tolerance all have a role. Karakaya and Er 
(2013) show that asset size, cost-to-income ratio, and non-performing loan ratio have the most 
obvious impact on the profitability of commercial banks. Lu et al. (2023) take listed banks as 
samples, the impact of internal competitive pressure calculated by Lerner index and external 
competitive impact calculated by digital financial inclusion index on the digital transformation of 
commercial banks shows that: internal competitive pressure and the impact of external competi
tion will significantly prompt commercial banks to adopt digital transformation strategies. Meslier 

Table 1. (Continued) 

Variables Definition/measurement Source

DIGS Counting mentions of digital 
technology-Text learning method 
(Hassan et al., 2019), a total of 124 
keywords were identified in 6 
categories: artificial intelligence, 
blockchain, cloud computing, big 
data, online, and mobile (Xie & 
Wang, 2023).

INDEX Peking University Digital Financial 
Inclusion Index (City).

COVER Digital inclusive finance coverage 
breadth

USE Digital inclusive finance usage 
depth

LEVEL Digital inclusive finance digital 
service support degree

SIZE Logarithm of total bank assets CSMAR/Bank official website/China 
Money Network Rating Report: 
https://www.chinamoney.com.cn/

NIM Net interest margin = (total interest 
income of the bank – total interest 
expense of the bank)/total interest- 
earning assets× 100%

LEV Asset-liability ratio = total liabilities/ 
total assets × 100%

CAR Capital adequacy ratio = Capital/ 
Risk Assets× 100%

NI Non-interest income ratio formula: 
net fee and commission income + 
other business income + 
investment non-interest income)/ 
operating income × 100%
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et al. (2014) further point out that the financial innovation of commercial banks in developing 
countries is significantly positively correlated with the risk-adjusted profitability of the banks 
themselves. Wang and Xie (2021) use the digital financial coverage index constructed based on 
the data of Ant Financial Services explores the impact of external digital financial development on 
the digital innovation behavior of traditional commercial banks and its mechanism, Behavior has a 
positive impact.

3.2. Estimation technique
This essay will use the GMM (generalized moment estimation) regression model. In several economic 
models, explanatory factors may be associated with error terms, leading to endogeneity issues. Thus, 
choices about digital transformation may be influenced by unobservable variables that also influence 
bank profitability. GMM is a robust estimating technique that can successfully address endogeneity 
issues. Using instrumental variables (IV), it may resolve the endogeneity issue, allowing for a more 
precise estimation of the effect of digital transformation on profitability. This study’s data consists of 
dynamic panel data. Our data collection includes several time points and observation units. GMM is an 
excellent estimating approach. It is capable of handling single fixed effects in panel data and permits the 
explanatory factors to become lagged dependent variables. When evaluating panel data, GMM models 
can often manage difficulties such as heteroskedasticity and serial correlation. By considering these 
factors, GMM models may provide more accurate estimations. The GMM estimator may be implemented 
in either a one-step or two-step format, giving users a choice between the two. Since the two-step 
estimator uses optimum weighting matrices, it has the potential to provide conclusions that are 
theoretically capable of being more accurate than those produced by the one-step estimator. 
Consequently, we use the two-step procedure. Two types of specification tests, the Hansen test, and 
the serial correlation test, determine whether or not the GMM estimator is dependable. If the Hansen test 
for over-identifying limits does not reject the null hypothesis, then the instruments are reliable, and the 
model is well described. Additionally, the GMM estimator permits the presence of first order serial 
correlation, often known as AR(1). However, the absence of second order serial correlation, commonly 
known as AR(2), is essential for the GMM estimator to be consistent (Subramaniam & Masron, 2021).

3.3. Data source
The balanced panel data of 118 commercial banks in my nation from 2014 to 2021 is used as the study 
sample in this work. The digital transformation index of this work constructs an index system using the 
three commercial bank dimensions, and it utilizes the digital transformation index of the commercial 
banks affiliated with Peking University (Xie & Wang, 2023). Strategy digitalization index (DIGS), Business 
digitalization index (DIGB), Management digitalization index (DIGM). DIGS focuses on the degree to which 
a bank gives digital technology strategic consideration. It is calculated by tallying the number of times 
digital technology-related terms appear in the annual report of the bank. This enables DIGS to concen
trate on the extent to which the bank pays strategic attention to digital technologies. DIGB examines the 
degree to which banks integrate digital technology into the financial services they provide. DIGM examine 
how banks use digital technology into their governance frameworks and organizational management 
(Xie & Wang, 2023). Regarding the impact of financial formats in various regions on the digital transfor
mation of banks, finance index constructed by Ant Financial Services data are used to represent the 
impact of financial formats (Guo et al., 2020; Lu et al., 2023, Xie & Wang, 2023; Wang & Xie, 2021). Other 
indicator data are from Annual reports from CSMAR databases, bank-wide databases, World Bank, and 
commercial bank disclosures. To guarantee the accuracy and exhaustiveness of the data, some com
mercial banks that did not disclose information technology investment data in the annual report and 
missing data were automatically screened. To ensure the accuracy of the empirical results, all raw data 
were logarithmically processed to reduce heteroskedasticity. Systematic GMM two-step regression was 
run using Stata 17.

4. Empirical results
Table 1 shows the definitions and sources of each variable. Table 2 presents the descriptive 
statistics for the data in this investigation. The overall digital transformation degree index is 
significantly distributed between its lowest and maximum values, as indicated. The minimum 
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value of DIG is 0, the maximum value is 197.10, while the subordinate branch The minimum value 
of DIGS is 0 and the maximum value is 532.90. There are some banks whose digital transformation 
degree levels are too high, and the degree of transformation is too low in some places.

In addition, Table 3 correlation study demonstrates that bank asset size (SIZE), net interest 
margin (NIM), Assets and liabilities (LEV) are positively correlated indicating that all bank indicators 
contribute to the bank’s operating efficiency. The findings of these indicators align with those of 
the relevant literature. Correlated with degree of digital transformation (DIG), inclusive Financial 
Bond Index (INDEX), and capital adequacy ratio (CAR) are adversely correlated. We conclude that 
the digital transformation of commercial banks has not considerably increased their overall profit
ability (Carlson et al., 2001; Hernando & Nieto, 2007; Sathye, 2005). The causes may include 
commercial banks lack of internal technological development and the external rivalry posed by 
new technology enterprises. First, commercial banks have made substantial investments in the 
nascent stage of creating financial technology, since they will certainly introduce high-tech 
employees if they want to boost technological investment, resulting in higher bank expenses. 
Second, commercial banks have been in existence for many years, their operation size is huge, and 
their platform system is upgraded slowly, resulting in a lag in profitability improvement. Thirdly, 
emergent financial technology businesses are expanding fast, eroding commercial banks’ profit 
margins. Serving customers who are difficult for conventional banks to reach has resulted in a 
massive client base.

The empirical findings of the model (Equation 4) using dynamic panel GMM are shown in Table 4. 
All the diagnostic tests point to the conclusion that the models that are being considered have 
accurate definitions; the Hansen test does not rule out the over-identification limitations; It is not 
possible to refute the existence of a first-order serial correlation, but it is possible to establish the 
absence of a second-order serial correlation. Given that the number of available instruments is less 
than the number of cross-section dimensions, the proliferation of instruments does not influence 
the estimate.

Table 2. List of descriptive statistics

Variable Mean Std.Dev. Min Max
ROE 0.11 0.04 −0.07 0.27

DIG 74.46 36.85 0.00 197.10

DIGS 117.30 93.42 0.00 532.90

DIGM 42.19 29.79 0.00 137.40

DIGB 109.70 42.70 0.00 191.50

INDEX 246.60 50.60 113.80 359.70

COVER 245.60 51.47 121.30 371.80

USE 238.30 57.40 84.31 354.30

LEVEL 5.56 0.22 4.92 5.83

NIM 2.37 0.83 −0.25 6.97

SIZE 26.48 1.53 23.26 31.19

NI 23.40 18.37 −32.06 102.50

LEV 0.93 0.02 0.68 0.96

CAR 13.32 2.18 7.00 54.09
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Table 4 displays the results of our investigation. Digital transformation and financial inclusion 
interact significantly, demonstrating that their combined influence increases the profitability of 
commercial banks. This is due to digital transformation which enables banks to reduce operating 
expenses, increase efficiency, and expand their service offerings by offering more online and 
mobile banking services. It facilitates the expansion of financial services to rural and low-income 
populations, thereby promoting financial inclusion. In addition, digital transformation allows banks 
to innovate and provide new financial products and services to meet the needs of various 
consumer segments. Among them are mobile payments, peer-to-peer lending systems, and virtual 
currencies. Most importantly, digital transformation enables banks to monitor and manage risks, 
such as fraud and credit risk more effectively. This contributes to the financial system’s security 
and stability.

In turn, financial inclusion provides banks with a large customer base, allowing them to serve a 
greater number of long-tail consumers and generate potentially lucrative opportunities. At the 
same time, banks can reduce losses from customer default risk by analyzing consumer profiles 
based on massive customer data. This dual effect greatly increases the profitability of banks. 

Table 4. Regression results of main analysis [DV: ROE]

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

DIG=DIG DIG= DIGB DIG=DIGM DIG= DIGS
L.ROE 0.384[3.59]*** 0.361[3.07]*** 0.375[3.24]*** 0.380[3.58]***

DIG −4.168[−2.67]***

DIGINDEX 0.769[2.67]***

DIGB −3.733[−3.12]***

DIGBINDEX 0.701[3.13]***

DIGM −1.453[−1.72]*

DIGMINDEX 0.258[1.63]

DIGS −1.039[−1.66]*

DIGSINDEX 0.186[1.64]

INDEX −2.799[−2.42]** −2.966[−2.33]** −0.189[−0.26] −0.647[−0.89]

SIZE 0.012[0.26] 0.028[0.52] 0.001[0.01] 0.053[1.37]

LEV 27.661[4.72]*** 31.043[4.51]*** 26.814[4.06]*** 29.030[3.91]***

NIM 0.163[2.22]** 0.180[2.15]** 0.194[2.15]** 0.205[2.68]***

NI 0.032[0.82] 0.035[0.85] 0.049[1.13] 0.047[1.20]

CAR 2.705[4.69]*** 3.274[4.42]*** 2.767[4.59]*** 3.087[4.06]***

Constant −19.663[−3.43]*** −24.160[−3.87]*** −32.797[−4.97]*** −34.325[4.40]***

Model Criteria

#Obs 796 796 796 796

# id 118 118 118 118

# instrument 109 109 109 109

AR (1) 0.00228 0.00122 0.00228 0.000934

AR (2) 0.176 0.0610 0.456 0.220

Hansen 0.408 0.314 0.210 0.362

Note: Asterisks *, **, and*** denote the 10%, 5%, and 1% levels of significance, respectively. Figures in [] stand for t- 
statistics values. The values of the Hansen and AR tests stand for the p-value. The model is estimated using the two- 
step model with robust estimation. 
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Financial inclusion can help banks bridge the digital divide and provide convenient digital financial 
services to everyone in China’s large market. This will make banks more socially responsible, 
increase their customer base, and enable sustainable growth. This study illustrates the relationship 
between digital transformation and financial inclusion in the banking industry, highlighting poten
tial synergies that could increase profitability. In addition, it implies that continued investments 
and strategies in these areas may benefit additional institutions. Hypothesis 2 holds.

In addition, without considering any moderating variables, the degree of digital transformation 
of commercial banks is significantly negatively correlated with the return on net assets at the level 
of 1%, and the negative coefficient indicates that for every 1% increase in the level of digitalization 
of commercial banks, the return on net assets will decrease by 4.168%, which is consistent with 
the reasons described in the previous section. At present, China’s digital transformation is still in 
the primary stage and there is a lag. The lack of endogenous momentum is not conducive to the 
growth of bank profitability. At the same time, digital transformation consumes huge costs in the 
early stage and the risks encountered are numerous, which contribute to the decline of bank 
profitability. Hypothesis 1 holds.

Columns (2) to (4) show the impact of digital transformation of business, management and 
strategy on bank profitability. Operational digital transformation is significantly positively at the 1 
% level correlated with the moderating effect of financial inclusion. This also suggests that 
commercial banks should continue to increase business support for digital transformation of 
banks to target long-tail customers through digitization to compete with other FinTech and reduce 
the consequences of external competition. Management digitization and strategy digitization are 
not significant, in the context of financial inclusion. Partly reason is digital transformations of 
corporate management and strategy have indirect impacts on business operations. When a 
company’s profitability and viability are in jeopardy, firms are more likely to priorities rapidly 
growing revenue streams and strengthen their competitiveness via the closely related digital 
transformation of the organization. The result is a minor cushion against shocks in the financial 
industry. Moreover, strategic digital transformation is a top-down shift, including organizational 
structure, corporate culture, etc., so the moderation of financial inclusion is not obvious and still 
takes a long time to become apparent. Digitalization at the strategic and management levels 
offers a little buffer, but banks must continue to increase their digitalization-focused strategy and 
management awareness (Xie & Wang, 2023).

4.1. Heterogeneity analysis
While this study employed the GMM model to explore the main relationships, we encountered 
certain limitations in conducting heterogeneity analysis due to a small sample size and a relatively 
large number of instrumental variables. In our endeavor to gain insights into potential sources of 
heterogeneity, we opted to conduct preliminary explorations using the fixed effects model. Despite 
not being an ideal solution, the fixed effects model can still offer valuable insights, particularly in 
cases of limited sample size, aiding in our preliminary understanding of potential variations among 
different subgroups. However, considering these limitations, we will expand the sample size in 
future research endeavors to facilitate more accurate and robust analyses of heterogeneity. Next, 
we will analyze the heterogeneity of the total sample according to the size classification of the 
total asset and the digital transformation index, to see if the interaction effects differ between 
samples, if any. The classification is based on the average of the total assets and the digital 
transformation index.

Table 5 shows that in the subsample, banks with larger total assets show that business digital 
transformation and strategic digital transformation have a significantly positive impact on bank 
profitability under the adjustment of finance inclusion. For banks with smaller total assets, only the 
interaction term between management digital transformation and inclusive finance has a signifi
cant positive impact on bank profitability. The reason for this is that larger banks typically have 
more resources and market share, and therefore may have taken a more holistic and strategic 
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approach to digital transformation. They may have better met the needs of different customer 
segments, especially those with limited access to financial services, by investing in highly innova
tive digital solutions, expanding FinTech partnerships, and introducing a wider variety of financial 
products and services. This may have led to significant positive effects of operational digital 
transformation and strategic digital transformation in the area of financial inclusion, with a 
positive impact on profitability. Comparatively, smaller banks may be somewhat constrained in 
terms of resources and market share, and therefore may be more focused on improving internal 
management efficiencies and reducing costs. While managing digital transformation may help 
them improve operational efficiency, due to their smaller size, they may not have sufficient 
resources to pursue a more comprehensive digital strategy, for example, launching new digital 
products or expanding their market share. Therefore, among small banks, only the interaction term 
between managing digital transformation and financial inclusion has a significant positive impact 
on profitability, while other digital transformation may not have a significant impact on 
profitability.

Table 6 examines the impact of the financial inclusion interaction on banks with a high and low 
digital transformation. The analysis demonstrates that for banks with a high DIG, DIGINDEX has a 
significant positive effect on ROE. DIGBINDEX has a significant positive effect on ROE. For banks 
with lower digital transformation indexes, DIGINDEX is not significant, while both sub-indices 
DIGBINDEX and DIGSINDEX are significant. This is because highly digitized banking institutions 
seem to be better at leveraging better value in concert with financial inclusion. Banks can serve 
low-income and poor customers through digital services that are more accessible, affordable and 
personalized. Financial inclusion in turn pushes banks faster to continue their digital transforma
tion. For highly digitized banks, the interaction term between business digital transformation and 
financial inclusion significantly shows that digitalization is more than just a technological update; it 
also improves business processes, introduces new products and services, and helps banks get 
closer to the goal of financial inclusion.

Banks with lower levels of digital transformation may still be in the early stages of the digitiza
tion process and have yet to see synergies between technology and financial inclusion. However, 
there are still substantial interactions between financial inclusion and the sub-indicators of opera
tional and strategic digitization. This is because, despite the overall low level of digitization, some 
banks that are just beginning their digital transformation may have started to offer specialized 
financial products and services to particular markets (e.g. low-income earners or marginalized 
people). A digitally simplified version of the account-opening process can win over customers who 
find the standard account-opening process too time-consuming and labor-intensive. In addition, 
strategic digitization enables financial institutions to reallocate resources and experiment more 
quickly with new inclusive financial business models. Therefore, even if banks are not highly 
digitally transformed, they will make appropriate changes in certain areas to respond to market 
changes.

4.2. Robustness check
In addition to the overall index of digital financial inclusion, the Beijing Inclusiveness Index 
includes the breadth of digital financial coverage, the depth of digital financial use, and the degree 
of digitalization of financial inclusion. In this study, sub-indices are utilized in lieu of interaction 
items, and demonstrates that the findings of each variable are consistent with those of the main 
test and pass the robustness test. Next, we retested the bank’s profitability using return on total 
assets (ROA) rather than return on equity (ROE). The findings demonstrated that each variable’s 
results were consistent with those of the main test, passing the robustness test.

5. Limitation of the study and policy implications
Our study examines digital transformation and bank profitability using a GMM model. This model 
can handle endpoint problems and work with panel and time series data. We must consider our 
study’s limitations. Due to the small sample size, our results may not be representative. Due to 
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limited extrapolation, the findings should be interpreted and applied with caution. We used a fixed 
effects model to address heterogeneity, but we may have missed some factors. Psychological risk 
factors and customer satisfaction surveys were also excluded from our study. These factors may 
affect digital transformation and bank performance, but data limitations prevented us from 
analyzing them. Finally, our Digital Transformation Index only covers 2021, and rapid digital 
changes may cause future trends to change. Therefore, time factors must be carefully considered 
when interpreting study results.

While this study provides important insights into the relationship between digital transformation 
and bank performance, there are still many directions for future research that could further 
expand knowledge in this area. The role of financial inclusion could be the focus of future research. 
Further research could delve into the impact of different financial inclusion policies on digital 
banking and examine how these policies can be optimized to facilitate the spread of digital 
financial services. The impact of digital transformation could also be studied by incorporating 
psychological risk factors. To drive the digital transformation of banks more effectively, this paper 
offers the following recommendations:

The expansion of people’s access to financial services is inextricably linked to the promotion of 
digital financial services; therefore, policymakers should increase their support for this economic 
sector. This would not only increase the bank’s earnings, but it would also help more individuals 
become economically integrated. Smaller financial institutions may require additional skills and 
face additional obstacles during the digital transformation process. Governments and regulators 
should consider providing small banks with specialized technical and financial assistance in order 
to facilitate their digital transformation. Large banks should be incentivized to support innovative 
digital finance projects, particularly those aimed at underserved communities and geographically 
dispersed populations, through the establishment of specialized funds and the formation of 
partnerships with FinTech companies. Additionally, policymakers should promote financial educa
tion to improve financial literacy, reduce psychological risk factors for customers, and ensure that 
all customers have access to, understand, and can safely use digital financial services. Ensuring 
that customers are not exposed to unwarranted financial risks as a result of utilizing the afore
mentioned services necessitates a further crucial step: enhancing consumer protection. In light of 
the rapid development of digital transformation and financial inclusion, governments and regula
tors should establish feedback mechanisms to evaluate the effectiveness of pertinent policies and 
make any necessary adjustments.

6. Conclusion
We collected data from 118 Chinese commercial banks from 2014 to 2021 to determine how 
digital transformation affects profitability. We empirically investigate digital transformation using 
long-tail theory, financial innovation theory, and a two-step GMM model. First, digital transforma
tion reduces the profitability of commercial banks to some extent. Second, the interaction term 
between digital transformation and digital financial inclusion is positive, indicating that financial 
inclusion affects digitalization to a certain extent thereby increasing bank profitability. Third, the 
heterogeneity analysis using the fixed-effects model shows that banks with high digital transfor
mation indexes interact more with financial inclusion.

The above findings show that financial inclusion bridges digital transformation and bank performance. 
The development of financial inclusion is crucial for the digital transformation of banks. Banks reach 
more customers through digital transformation, especially those without financial services. Utilizing 
digital technologies to enhance data security and privacy protection to safeguard customer data and 
overcome customer psychological risk factors. Prevent network outage failures that result in failed 
transactions and provide digital offline services. At the same time, focusing on financial inclusion 
ensures that different social groups have access to digital financial services. Narrow the digital divide, 
enhance financial literacy, improve financial literacy, overcome financial exclusion, and provide digital 
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financial tools to marginalized groups. To enhance the overall competitiveness of banks, it is important 
to synergize the dual effects of digital transformation and financial inclusion.
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