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Abstract: The study aims to investigate how the internet has affected China’s financial inclusion from
the standpoint of developing internet technologies. Firstly, using the coefficient of variation method
and the principal component analysis method, the financial inclusion index (IFI) and the internet
development index (INT) were built from multiple dimensions based on the 2006–2016 provincial
panel data of China. Then, the fixed-effect panel threshold model, the fixed-effect estimate, and the
2SLS estimate were used to empirically test the impact of internet development on inclusive finance
in China. We found that China’s financial inclusion was significantly and positively affected by
internet development. Additionally, this effect was nonlinear, and there was a threshold effect on
the proportion of internet users. The development of the internet had a significant positive effect on
financial inclusion when the internet user proportion (ISP) was higher than 19%, and the effect on IFI
became stronger when ISP rose above 53%. This study complements earlier research, in which internet
finance is usually perceived as a composite notion, by thoroughly examining the effects of internet
information technology on the growth of financial inclusion. Based on our findings, we further put
forward policy recommendations for the sustainable development of inclusive finance in terms of the
intelligent integration and collaboration of internet communication technologies. Financial inclusion
is critical for achieving sustainability because it provides access to affordable financial services to
underserved individuals and businesses, and brings them into the formal financial sector, thereby
improving their livelihoods while reducing poverty and inequality.

Keywords: financial inclusion; internet; network externality; threshold effect

1. Introduction

The idea of financial inclusion was first proposed by the United Nations in 2005
with the goal of offering equal financial services to all societal subjects, especially small
and medium-sized enterprises (SMEs), low-income groups, and farmers. China’s idea of
financial inclusion was explicitly mentioned in 2013 at The Third Plenary Session of the
18th Central Committee of the Chinese Communist Party. In order to improve the system
for financial inclusion, extend the reach of financial services, and promote the growth of
the real economy, The State Council of the People’s Republic of China published The Plan
for Promoting the Development of Financial Inclusion (2016–2020) in 2016. Mckinnon
(1973) and Shaw (1973) argued that the phenomenon of financial repression would split the
capital market in a country, which would have a serious negative impact on the quality
and quantity of its actual capital accumulation and hinder the development of its finance.
In response, the implementation of financial inclusion can realize the deepening and
further development of the financial industry and optimize the allocation of financial
resources through the establishment of a sound financial system, thus, alleviating financial
repression [1,2].
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In 1987, Robert Solow observed that despite computers’ widespread use during the
1970s and 1980s, they had little impact on productivity. This is known as the “Solow pro-
ductivity paradox”, stating that there is a discrepancy between investment in information
technology and productivity. Subsequent research on the “Solow productivity paradox”
offered various explanations including that it takes a long time for Information and Com-
munication Technology (ICT) and internet technology to affect the economy [3]. Wan
(2006)detailed the penetration of modern computer technology into all fields of economic
activity, emphasizing the financial industry, which includes banking, insurance, securities,
and other sectors [4]. Applications of information technology in the financial industry
include electronic payment and electronic financial systems.

At present, economic growth in China, which is in the late stage of industrialization,
has slowed down significantly, and internet information technology has been assigned
the role of providing a new impetus. Therefore, the promotion of the “Internet+” strategy
is considered as an important measure of supply-side structural reform [5]. Internet
technology can reduce transaction costs and improve the efficiency of financial transactions
through the rapid dissemination of information, sharing features, and network externalities,
thereby improving financial transaction platforms, serving more groups, and realizing
financial inclusion faster. As a result, the comprehensive integration of internet technology
into economic and social sectors, especially the financial sector, will contribute to the growth
of the real economy.

For China, a crucial question is to examine how the “Internet+” project and internet
development have affected inclusive finance in China. This paper first establishes that there
is a significant effect and then focuses on identifying the internal mechanism responsible for
this effect. Using the 2006–2016 provincial panel data in China, we found that the internet
development index (INT) had a significant positive effect on the financial inclusion index
(IFI). Then, we examine three potential venues through which this effect is realized, that is,
reducing transaction costs, broadening transaction channels, and controlling risks.

The main contributions of the paper are: (1) In previous literature, internet finance
was often regarded as a composite notion in examining its effect on financial development,
while this paper focuses on the impact of internet information technology on the devel-
opment of inclusive finance. (2) Through theoretical analysis and the threshold model
using the internet user proportion (ISP), the diffusion effect of network externality on the
development of financial inclusion was verified, providing strong evidence in support of
government’s promotion of the “Internet+” action.

Financial inclusion can play an important role in achieving sustainability by improving
its social aspect. It achieves this by providing underserved individuals and businesses
access to affordable financial services, and bringing them into the formal financial sector,
thereby reducing extreme poverty and increasing shared wealth [6]. It has been identi-
fied as an enabler for 7 out of the 17 Sustainable Development Goals (SDG) by World
Bank, including eliminating extreme poverty (SDG 1), reducing hunger and achieving food
security (SDG 2), promoting good health and well-being (SDG 3), fostering quality edu-
cation (SDG 4), achieving gender equality and enhancing women empowerment (SDG 5),
promoting shared economic growth (SDG 8) and promoting innovation and sustainable
industrialization (SDG 9).

2. Literature Review
2.1. The Concept, Measurement, and Impact Factors of Financial Inclusion

The World Bank and many scholars have defined financial inclusion as the proportion
of individuals and companies that have access to formal financial services. The larger
this proportion in a society, the more conducive the society is to poverty reduction, to the
development of sharing economy and to sustainability [6,7]. The development of financial
inclusion is based on micro-finance, emphasizing the fairness and stability of financial
development. It can make up for the shortcomings of the existing financial system to
a certain extent, thus, better promoting economic development and increasing employ-
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ment [6]. Currently, there is no unified definition of financial inclusion. A large number
of scholars believe that inclusive finance is mainly about poverty alleviation. However,
inclusive finance is related to a system that promotes the extensive participation of all
financial institutions rather than focusing on an individual poverty alleviation institution.
Therefore, it is not a simple poverty alleviation measure, but a way for banks and more
financial institutions to jointly provide the financial services required by different groups
of people and upgrade themselves to seek the sustainable development of marketization
and commercialization. Internationally, more emphasis is placed on the role of inclusive
finance in rural remote areas. This is because, compared with urban inclusive finance,
rural inclusive finance faces greater challenges, higher transaction costs, and higher risks.
Moreover, the financial environment constrains the expansion of financial services and
their sustainable development in rural areas [8–10]. As an important part of the financial
system, financial inclusion can effectively reduce financial service costs from both the
supply and demand sides in poor areas and meet the financial needs of the majority [11].
In addition, financial inclusion not only promoted fairness and expanded the coverage of
modern financial services but also improved the existing financial system [12]. Li (2018)
also pointed out the relatively positive impact of financial inclusion on the improvement of
individuals’ income, the optimization of the urban-rural dual structure, and the stimulation
of domestic demand, which could promote the transformation of China’s economic growth
pattern and sustainable economic development [13].

In the measurement of financial inclusion, Beck et al. (2007) first proposed two dimen-
sions from the perspective of financial service, namely, availability and effectiveness [14].
Based on Beck’s research, Sarma (2008)created a multi-dimensional comprehensive financial
inclusion index, which includes three dimensions: geographic penetration, financial service
availability, and utility [15]. In China, researchers have constructed diversified financial
inclusion index systems from different perspectives such as the density of policy-based
financial loans, the density of cooperative financial loans, the basic medical insurance for
urban employees, and the number of internet users [16]. For example, the four parameters
of financial service penetration, availability, practicability, and affordability were created by
Liu et al. (2018) based on Chinese context [17].

Known as the process of offering suitable financial services to low-income and under-
privileged populations at a fair price, financial inclusion will be affected by both financial
and social factors in terms of its level with the development of a country [18,19]. In other
words, it is the process of ensuring that everyone, especially disadvantaged groups, has
access to financial services such as deposit, withdrawal, savings, credit, and insurance in a
suitable institutional and legal setting. Consequently, the development of financial inclu-
sion will be impacted by the social economy, banking structure, and infrastructure [20–23].
Senyo and Osabutey (2020) studied the influencing elements of ownership and use of
financial services by various global groups to better interpret the development process of
financial inclusion [24]. According to the report, financial inclusion may be improved to
varied degrees globally by increasing financial access, fostering innovation, and reducing
inequality [25].

2.2. The Development of the Internet

Characterized by openness and sharing, the internet is a technological and innovative
advancement with wider implications for how the economy functions. The relationship
between the internet and economic growth is currently the focus of research on internet
development. The widespread use of information technology has significantly contributed
to global economic expansion [5,26]. The application of continuously developing informa-
tion technology and resources is a crucial way to promote economic growth [27]. For one
thing, the advancement of internet technology has transformed the way that commodities
are traded, removed geographical and geographic distance barriers, lowered the costs of
all trading links, and fundamentally increased trading efficiency [26,28]. For another, it
has improved the overall economic development of the manufacturing industry and the
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city by promoting enterprise innovation [5]. Guo and Luo (2016) analyzed this process
in detail when computers are interconnected worldwide and form a global network, the
development of new technologies, new inventions, and new organizations can be promoted
by accelerating information dissemination, and the operating rules of various parts of the
economic chain can be changed [26]. Additionally, in light of the network effect of the
internet, its effect on the economic system will be magnified instantly after the network
scale reaches a critical point.

In addition, few studies have analyzed the impact of the internet on the industry.
Shen et al. (2018) suggested that internet technology has changed the traditional mode
of production and corporate organization, and the real economy has merged with the
internet virtual economy [29]. Mugambi et al. (2014) argued that the internet economy has
changed China’s existing demand structure, transformed the production mode, promoted
the producer services industry, and upgraded the industrial structure [30].

2.3. The Impact of Internet Development on Financial Inclusion

Ivatury and Mas (2008) pointed out that advanced science and technology can reduce
financial transaction costs and meet the financial service needs of the poor [31]. Similarly,
Beck and Demirguc-Kuntand (2009) found that the use of high technology had a significant
impact on the coverage of financial services in less-developed countries [7]. The internet
can effectively optimize the allocation of funds, increase the operating efficiency of the
financial system, reduce costs, and enhance the depth and breadth of financial services. In
particular, it can provide great convenience for developing countries [32].

Information technology and internet penetration are found to be positively correlated
with financial inclusion [33]. This is mainly reflected in three aspects. Firstly, they can
expand information channels and enhance the concept of using financial services. Secondly,
they can provide financial convenience, especially in internet finance. Thirdly, they can
provide technical support for financial business innovation. According to Senyo and
Osabutey (2020), internet information and communication technology not only expands
the boundaries of financial services but also effectively reduces the cost of financial services,
thus contributing to the sustainable commercial development of inclusive finance [24]. In
practice, it is found that internet finance can serve groups in third-tier and fourth-tier cities,
rural areas, and remote areas. Furthermore, World Bank (2018) proved the positive impact
of internet penetration on financial inclusion and pointed out the spiraling upward trend of
digital financial inclusion [34]. In areas with high population density and strong financial
awareness, the development of digital financial inclusion is better. In addition, the use of
the internet can greatly enhance the development capacity of digital financial inclusion,
with the influence going far beyond geography and financial awareness.

The diffusion effect of network externality, which is related to information technology,
can be demonstrated by Moore’s Law and Metcalfe’s Law. Firstly, according to Moore’s Law,
the combination of computing telecommunication indices with the growth of computing
power, data storage, data availability, and electronic interconnectivity, which irreversibly
changed the way financial markets operate and became a breakthrough in the development
of the financial market [35]. Secondly, Shapiro and Varian (1999) indicated that Metcalfe’s
law shows the external effect of the network [36]. Generated based on each internet user,
the value of the network is proportional to the number of users. The more internet users
there are, the greater the value of the network and its impact on the outside world.

3. Theoretical Analysis

In the era of “Internet+”, with the continuous development of technology, the role
of the internet has become more than a medium that conveys information. Currently, it
is highly integrated with daily life and economic activities [37], which has changed the
modern lifestyle and the operation mode of economic sectors.

According to Romer’s endogenous growth theory, internet technology promotes
economic growth through innovation processes such as the acceleration of information
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dissemination [38,39]. Internet broadband infrastructure may be different from other types
of infrastructure. The characteristic of the internet in accelerating economic development
can be understood as the diffusion effect of the network. When the penetration rate
of the internet reaches a certain level, its influence on economic development will be
gradually magnified.

Huang et al., (2019) suggested that the external financial system implanted into the
real economy to support rapid economic development is gradually disappearing in China,
while the emergence of financial inclusion is inherent in the financial demand of the real
economy, which can better serve the real economy sector [5]. With the support of internet
technology, transactions between financial organizations have gradually changed. Thus,
the financial market has been improved in three aspects: transaction costs, transaction
channels, and risk control, with the diffusion effect finally affecting financial inclusion
(Figure 1).
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3.1. The Impact of the Internet on Financial Transaction Cost

The financial market mainly aims to provide a platform for transactions between
buyers and sellers, with a continuous and relatively stable structure [40]. However, the
traditional financial market has shortcomings such as basic information asymmetry and
high transaction costs, which reduce the market transaction efficiency. Based on transaction
cost analysis, Lohrke et al. (2006) studied the extent to which SMEs can use the internet to
connect directly with customers and confirmed the significant advantages of internet use
in lowering transaction costs of SMEs [41]. As financial inclusion introduced new practices
and players to the space of poverty finance [42], the transition of technology-supported
financial intermediation was recognized as a key to poverty reduction. The emergence of
the internet has prompted the excessive development of the financial market towards a non-
intermediary financial market and stimulated it to approach the Walras general equilibrium.
There are two ends of the changing financial market. One is the traditional agency market,
and the other is the unmediated financial market corresponding to the Walras general equi-
librium. The financial transaction and organizational form under the internet are between
the two ends. This form of unmediated finance can reduce the additional transaction costs
caused by information asymmetry. By sharing information, the internet can greatly reduce
the cost of obtaining information, making it possible for financial institutions to achieve
disintermediation. This can gradually eliminate the unequal transaction model established
by financial intermediaries relying on information asymmetry and special channels in the
traditional market environment. In the study of the changes in transaction costs brought



Sustainability 2023, 15, 6731 6 of 20

about by internet use in inter-enterprise transactions, Garicano and Kaplan (2001) found
potential for large process improvements and market gains [43]. One of the significant
goals of financial inclusion is to enable financial institutions to serve the real economy
by eliminating agencies, thereby reducing transaction costs and maintenance costs and
achieving economies of scale and cost control.

The impact mechanism of internet development can also be explained using the
marginal cost and marginal benefit curve. In Figure 2, the line MPB illustrates financial
institutions’ private marginal benefit and MSB represents the social marginal benefit. The
marginal costs of the private sector and society are the same, illustrated by the line MC
under the initial conditions. When considering positive externality, the optimum point for
private financial institutions is A, the intersection of MPB and MC, and the corresponding
quantity and price is Q1 and P1, respectively. However, for the whole society, the optimum
point is B, the intersection of MSB and MC, and the corresponding quantity and price is
Q2 and P2, respectively. When the role of internet information technology is added to the
overall economic environment, information can be obtained more efficiently and tasks
will be performed at a lower cost, which can reduce social and private marginal costs. As
a result, the new private and social marginal cost curves will fall to MC’. For society, a
reduction in marginal cost curve leads to a new optimum B’ at the intersection of MSB
and MC’, which means that the socially optimal supply increases to Q4. Additionally, for
the private sector, the new optimal supply increased to Q3. This means that under the
influence of the internet, both the private optimal supply and the social optimal supply have
been improved to varying degrees. It should also be noted that, in addition to the direct
downward shift of the MC curve, due to the economies of scale and network economic
effects brought about by internet, the reduction in marginal cost will be greater at higher
levels of quantity. That is, the slope of the MC curve will become smaller, causing the
difference between private and social optimum to widen as MC decreases. It is clear that
the actual impact on the private and social optimum depends on the slope of both the
marginal benefit and cost functions.
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3.2. The Impact of the Internet on Financial Transaction Channels

The financial market is the source of corporate power, as well as the platform where
production, sales, and capital are controlled [44]. Traditional financial market platforms
include banks, insurance companies, and securities companies. In the actual operation
of these platforms, services for SMEs and poor people are often neglected, which hinders
the development of the financial industry. Despite the small amount of funds in a single
transaction of these groups, the total amount is considerable. By contrast, internet tech-
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nology has broadened the financial trading platform, forming a sharing economy and
inclusive finance under the new trading platform. Using fully modified ordinary least
squares (LM-OLS) and causal analysis, Vincent et al., (2019) examined internet use and
mobile subscriptions related to financial inclusion and financial sector development in
China, India, Nigeria, and South Africa over the period 2009–2017 [45]. Their empirical
findings demonstrate that internet use has greatly promoted the growth of inclusive finance
and the financial sector. Evans (2018) and Lenka et al., (2018) investigated the connection
and causality between the internet, mobile phones, and inclusive finance in Africa and
the South Asian Regional Association, respectively. They found a significant correlation
between the use of the internet and mobile devices and inclusive finance [46,47]. Therefore,
more people now have access to inclusive finance due to advancements in the internet and
mobile technology. In the context of the internet, the current financial market is a platform
for matching and exchanging capital endowments with broader access conditions. With
the rise of internet finance, some innovative financial services such as P2P online loans
and crowdfunding have broken the geographical boundaries. Due to their low thresholds,
more people in need of financial support have been served.

3.3. The Impact of the Internet on Financial Risk Control

In the traditional financial industry, the credit risk caused by information asymmetry
has always plagued both parties of the transaction. During the credit assessment, the
lender needs to conduct due diligence on the borrower. After the funds are lent, follow-
up tracking is still required to manage the repayment ability of the borrower. However,
traditional risk control is time-consuming and labor-intensive, and may be accompanied
by serious management omissions. In addition, it is difficult for SMEs lacking credit
records to access credits. If internet information technology is fully popularized, valid
information of individuals and enterprises will be stored in internet clients. According to
Ozili’s (2021) discussion on big data and financial inclusion, contemporary information
technology has improved the efficiency and risk management level of financial services
companies [48]. This enables the credit and profitability of individuals and businesses
to be assessed accurately and quickly, and solves the problem of credit risk caused by
information asymmetry. During credit evaluation, financial institutions can improve
processing efficiency and alleviate the credit crisis in the risk control link based on the
big data collected through internet cloud computing. After solving these two problems, a
win-win situation for both supply and demand sides can be achieved, thereby promoting
the development of inclusive finance.

Based on the effect of the internet on the above three points, we propose our first hypothesis:

Hypothesis 1. The overall development of the internet has a positive impact on China’s financial inclusion.

3.4. The Impact of the Internet on Financial Inclusion through the Diffusion Effect of Network Externality

Financial activities supported by internet technology are more conducive to the promi-
nence and effectiveness of financial substance and financial functions [45]. In terms of
access to credit support and credit constraints, financial inclusion under the “Internet+”
strategy is also more beneficial to SMEs [49,50]. Katz and Shapiro (1985) highlighted the
network technology diffusion effect of the internet [51]. Additionally, the various ways
that the diffusion effect of the internet contributes to financial inclusion have been exten-
sively discussed in previous literature [52,53]. Thus, the network utility of the internet
may play a role in the development of financial inclusion in China. We then propose our
second hypothesis:

Hypothesis 2. The development of the internet has a network effect on the development of inclusive
finance, which is nonlinear and has a threshold.
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4. Data and Methods
4.1. Data

The data used in this paper were collected from the Website of the National Bureau of
Statistics of China, China’s regional financial operation reports issued by the People’s Bank
of China, and the WIND database. Our study spanned from 2006 to 2016. Since some data
were missing in the calculation of the IFI, we used interpolation to calculate the index based
on the existing data. To increase the robustness of estimates, we also excluded those obser-
vations with extreme values, obtaining a balanced panel of 31 provinces, municipalities,
and autonomous regions and 341 observations in total.

4.2. Financial Inclusion Index (IFI)

We referred to the indicators of Sarma (2008) to measure IFI and used the coefficient of
variation method to determine the weights [15]. It is important to note that the coefficient
of variation approach was adopted here as it can assess markers of relative variability and
enable accurate comparisons of variables regardless of their correlation [54]. In order to
quantify the variability of supply and demand, the coefficient of variation approach was
employed in this study to calculate IFI. Our IFI definition includes two dimensions of
supply and demand and eight indicators such as business coverage, service availability,
and service quality in the financial and insurance industries. Details about the index system
are shown in Table 1.

Table 1. Financial Inclusion Index (IFI) in China.

Dimensions Indicators Indicator Nature

Supply

Number of financial institutions per 10,000 km2 +
Number of employees in financial institutions per 10,000 km2 +

Number of financial institutions per 10,000 people +
Number of employees in financial institutions per 10,000 people +

Demand

Ratio of domestic and foreign currency deposits to GDP +
Ratio of domestic and foreign currency loans to GDP +

Insurance density (Insured amount per capital) +
Insurance depth (Insurance income/GDP) +

In order to objectively reflect the different contributions of each indicator to the index,
the coefficient of variation method was adopted in this study to determine the weight of
each indicator. The specific steps are shown below:

(1) Firstly, in order to avoid the differences caused by the inconsistency of the dimen-
sion of each indicator, we standardized each indicator based on the following equation:

Xij =
xij − min(xj)

max(xj)− min(xj)

where the initial value of the jth (j = 1, 2, . . . , m) index in the ith (i = 1, 2, . . . , n) sample
is xij, Xij represents the dimensionless indicator after standardization, min

(
xj
)

represents
the minimum value of each indicator, and max

(
xj
)

represents the maximum value of each
indicator.

(2) Secondly, we calculated the coefficient of variation of each indicator Vi(i = 1, 2, 3, . . . , n),
which can be obtained by dividing the standard deviation σi(i = 1, 2, 3, . . . , n) by the
mean xi(i = 1, 2, 3, . . . , n).

Then, we added the coefficient of variation of each indicator ∑n
i=1 Vi together to obtain

the weight of each indicator wi =
Vi

∑n
i=1 Vi

and multiplied the weight wi of each indicator by
the standardized indicator data denoted as di = Xij × wi.
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Finally, using the Euclidean distance method, we calculated the IFI of 31 provinces in
China from 2006 to 2016. The formula is as follows:

IFI = 1 −

√
(w1 + d1)

2 + (w2 + d2)
2 + . . . + (wn + dn)

2√
w2

1 + w2
2 + . . . + w2

n

(1)

According to Equation (1), the value range of IFI is between 0 and 1. The larger the
value is, the better the development of financial inclusion in the province will be. However,
it should be noted that IFI is only a relative index and cannot fully represent the specific
development level of financial inclusion in the province.

4.3. Internet Development Index (INT)

Referring to the internet development index developed by Huang et al. (2019) [5], we
chose four dimensions of internet output, internet-related practitioners, internet infrastruc-
ture, and mobile internet users to measure INT. The details are shown in Table 2.

Table 2. Internet Development Index (INT) System.

Dimensions Indicators

Internet output Total telecom services

Internet-related employees Proportions of information transmission, computer services,
and software industry employees in the total of employees

Internet infrastructure Length of long-distance optical cable per 10,000 km
Mobile internet users Number of mobile phones per 100 people

First of all, it is necessary to determine whether there are significant and positive
correlations between the four indicators. The results are shown in Table 3, suggesting
that there are significant and positive correlations between the four indicators observed.
We normalized the four indicators and performed the Kaiser-Meyer-Olkin (KMO) test
and Bartlett’s test of sphericity. Bartlett’s sphericity test provided a significance of 0.000,
demonstrating the existence of significant correlations between the variables. Furthermore,
the KMO measure was above 0.6, which indicates that the sample is sufficient for the
application of principal component analysis (Table 4) [55,56]. The principal components
are shown in Table 5. We kept the first two components, which explained about 77% of the
variation in the data, as they exceed unity according to Kaiser’s rule. Finally, we calculated
the first two principal components and weighted them using their proportions (0.504 and
0.267 in Table 5) to calculate the INT indicator.

Table 3. Correlation Matrix.

Internet
Output

Internet-Related
Employees

Internet
Infrastructure

Mobile
Internet Users

Internet output 1.000
Internet-related

employees 0.052 1.000

Internet infrastructure 0.408 *** 0.268 *** 1.000
Mobile internet users 0.202 *** 0.578 *** 0.452 *** 1.000

Note: *** p < 0.01.

Table 4. KMO and Bartlett’s Test.

Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy 0.603

Bartlett’s test of sphericity
Approximate chi-square 278.838

Degree of freedom 6
p-value 0.000
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Table 5. Principal Components.

Component Eigenvalue Proportion Cumulative

Comp1 2.017 0.504 0.504
Comp2 1.068 0.267 0.771
Comp3 0.534 0.134 0.905
Comp4 0.381 0.095 1.000

In this paper, the proportion of internet users in the region (ISP) was chosen as the
threshold variable, which was calculated by dividing the number of internet users in the
area by the total population of the area.

4.4. Control Variables

Fiscal Expenditure (Lngov): Yu and Deng, (2021) claimed that the level of regional
financial development would be affected by marketization, the environment, and the gov-
ernment system [57]. Fiscal expenditure allows funds to flow from the government to
various sectors of society, consequently changing the resource allocation structure and
affecting financial allocation. In order to alleviate financial pressure, some local govern-
ments will increase their intervention in the allocation of financial resources and strive to
allocate credit resources to state-owned enterprises. The logarithm of the total amount
of the local government’s financial expenditure was used in this paper to measure the
government’s situation.

Urbanization (Urban): The construction and development of urbanization are insepa-
rable from finance, and there is an interdependent relationship between urbanization and
financial development. In the process of urbanization, the constant upgrade of infrastruc-
ture requires a lot of financial support, driving the development of inclusive finance. When
the population continues to flow to cities, the transfer of labor resources from the primary
industry to the secondary and tertiary industries will also promote the development of the
financial service industry. Therefore, urbanization can affect the development of financial
inclusion. We used the proportion of the urban population to the total population in each
province to measure the urbanization level of the province.

Industrial Structure (Str): In order to promote economic growth, the upgrading of
the industrial structure is inevitable, which affects financial development by transforming
labor-intensive products into capital- and technology-intensive products. Goldsmith(1969)
found a mutual promotion relationship between financial development, economic growth,
and industrial restructuring from a dynamic perspective [58]. Therefore, the ratio of tertiary
production to GDP was used in this paper to measure the level of the industrial structure.

Foreign direct investment (LnFDI): Foreign direct investment can reflect international
direct investment behavior by the spillover effect. In recent years, “The Belt and Road
Initiatives” have promoted the foreign trade of SMEs. Foreign direct investment and
commercial banks jointly provide various financing services for enterprises and promote
the development of inclusive finance. Therefore, the logarithm of the annual actual balance
of foreign direct investment in each province was chosen as an indicator in this paper to
measure the level of foreign investment. Since the data provided by the Wind database
is in USD, we converted it to RMB according to the annual average exchange rate of U.S.
dollars published by the State Administration of Foreign Exchange of the People’s Republic
of China.

Financial development (Cre): With the continuous development and improvement of
the financial market system, the channels for people to obtain funds continue to increase.
As an important part of the entire financial market, financial inclusion will also be affected
in terms of its development levels. Credit business, which is one of the main businesses of
the financial industry, can effectively reflect the degree of financial development. Therefore,
in this paper, the ratio of domestic and foreign currency loan balance to GDP was used to
represent the degree of financial development.
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4.5. Empirical Strategy
4.5.1. Baseline Model

Based on the theoretical analysis, in order to verify the impact of INT on IFI, we
established the baseline model by referring to the equation proposed by Lenka and Barik
(2018) [47]:

IFI = β0 + β1 INTit + β2Controlit + µi + δt + εit (2)

Among them, i stands for province and t stands for time. IFI is the financial inclusion
index, which was calculated from two dimensions of supply and demand with eight
indicators. INT represents the provincial development index. Controlit refers to a set of
control variables. µi is the time-invariant unobservable within each province, which was
used to control the fixed effect in the province. δt was used to control the time fixed effect.
εit represents the random disturbance term.

4.5.2. Threshold Model

According to the theoretical analysis part, the internet has a network diffusion effect,
which may present a non-linear relationship with IFI. Referring to the threshold panel
model proposed by Hansen (1999) [59], we further constructed the following threshold
model based on Equation (2) to measure the network diffusion effect of INT on IFI:

IFI = β0 + β1 INTit I(qit ≤ γ) + β2 INTit I(qit > γ) + β3Controlit + εit (3)

where I(·) is an indicator function (take 1 if the conditions in parentheses are satisfied;
take 0 if not), qit is the threshold variable, the proportion of internet users, and γ is the
specific threshold value. In Equation (3), it is assumed that there is only one threshold.
However, there may be multiple thresholds in the estimation, which can be deduced from
Equation (3). The double threshold effect model is shown as follows:

IFI = β0 + β1 INTit I(qit ≤ γ1) + β2 INTit I(γ1 < qit ≤ γ2)
+β3 INTit I(qit > γ2) + β4Controlit + εit

(4)

4.5.3. Robustness and Endogeneity

To ensure the robustness of model results, we replaced the core explanatory variable
with the value of L-INT, which is the one-period lag of INT, to observe whether the empirical
results would change.

In order to alleviate the endogeneity problem, we first selected the authoritative
database to obtain the data. Secondly, the control variables were added, and the fixed-effect
model was adopted. However, due to possible reverse causality and omitted variable bias,
we attempted to address the endogeneity problem using two-stage least squares. Referring
to the method of Nunn and Qian (2014) [60], we chose two instrumental variables: the fixed
telephone penetration rate and the post office coverage rate multiplied by the total number
of post and telecommunications services. First of all, according to infrastructure, areas with
high levels of landline penetration and a large number of post offices may also have high
levels of internet penetration. Secondly, according to the current development situation of
the financial industry and the communication industry, the number of landlines and post
offices has little impact on IFI and meets the exclusivity requirement.

5. Results
5.1. Descriptive Statistics

As Figure 3 shows, the average value of IFI kept increasing from 2006 to 2016. Varying
greatly across provinces, the average value of INT was particularly high in megacities such
as Beijing and Shanghai, indicating that there might be heterogeneity between cities in later
analysis (Figure 4). The average logarithm of the total amount of the local government’s
financial expenditure was 7.352, and the average logarithm of the annual actual balance of
FDI was 3.405. Additionally, on average, the provincial proportion of the urban population,
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the ratio of tertiary production to GDP, and the ratio of domestic and foreign currency loan
balance to GDP were 52.2%, 42.2%, and 116.3%, respectively (Table 6).
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5.2. Impact of INT on IFI

Table 7 presents the baseline results, demonstrating a positive and significant impact
of INT on IFI (coefficient = 0.025, p < 0.01). Among the control variables, urbanization
(Urban) and the degree of financial development (Cre) had an inhibitory effect on IFI
at the 1% and 5% significance levels, respectively. Government fiscal expenditure was
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negatively correlated with IFI, but the correlation was not statistically significant. The ur-
banization level showed a negative impact on IFI, which may be caused by the unbalanced
development of different regions under the dual economic structure of urban and rural
areas in China. There was a significant negative correlation between the level of credit
business and IFI, which may be due to the large proportion of poor people in China and the
incomplete coverage of financial services. Moreover, due to risk considerations, financial
institutions dominated by banks hindered this group of people from accessing financial
services, thus inhibiting the development of financial inclusion. In addition, the impact of
industrial structure (Str) and foreign direct investment (LnFDI) was significantly positive
at the 10% and 1% significance levels, which is consistent with the previous analysis. Thus,
Hypothesis 1 can be verified, indicating that the overall development of the internet has a
positive promotion effect on China’s financial inclusion. Our results are in line with many
early findings in this area. The growth of the internet has a tremendous impact on the
banking industry. Moreover, macro and micro economies have been influenced by the
usage of the internet and mobile devices in varying degrees, and under these influences,
the growth effect on inclusive finance emerged [61–64].

Table 6. Descriptive Statistics (2006–2016).

Variable Obs. Mean S.D. Min. Max.

IFI 341 0.095 0.127 0.011 0.823
INT 341 −0.000 0.995 −1.662 3.733

Lngov 341 7.352 0.352 6.242 8.129
Urban 341 0.522 0.150 0.210 1.020

Str 341 0.422 0.090 0.286 0.802
LnFDI 341 3.405 0.662 1.509 4.767

Cre 341 1.163 0.425 0.537 2.648

Table 7. Fixed-effect Estimates of INT on IFI in China.

Variable Coefficient Robust S.E. 95% CI

INT 0.025 *** 0.009 0.007 0.043
Lngov −0.033 0.042 −0.119 0.052
Urban −0.596 *** 0.140 −0.882 −0.310

Str 0.141 * 0.080 −0.023 0.305
LnFDI 0.040 *** 0.014 0.012 0.069

Cre −0.009 ** 0.004 −0.017 −0.000

R2 0.774
F 65.90 ***

Obs. 341
Note: * p < 0.1, ** p < 0.05, *** p < 0.01.

5.3. Threshold Estimation

According to Hansen’s research, ISP was chosen as the threshold variable in this study.
We conducted the threshold effect test to determine the optimal number of thresholds.
Table 8 shows the F-statistic and p-value obtained from 300 bootstraps under the assumption
of a triple threshold. The findings demonstrate the significance of the single threshold and
double threshold tests at the 1% and 5% levels, respectively. In order to test the internet
threshold effect, the double-threshold model was used.

The estimated two threshold values were 0.191 and 0.531, respectively (Table 9).
According to the threshold results, the proportion of internet users can be divided into
three different intervals: the lower level (ISP ≤ 0.191), the middle level (0.191 < ISP ≤ 0.531),
and the higher level (ISP > 0.531). Figure 5 depicts the relationship between INT and IFI
under the three intervals. It shows a significant nonlinear relationship, indicating that the
threshold regression results obtained above are reliable.
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Table 8. Test for threshold effects: Fixed-effect panel threshold model.

Threshold F p-Value
Critical Value

10% 5% 1%

Single 92.57 0.000 *** 26.674 34.333 51.996
Double 26.96 0.050 ** 20.846 25.469 48.976
Triple 10.90 0.690 35.053 39.842 59.023

Note: The results obtained after 300 bootstraps. ** p < 0.05, *** p < 0.01.

Table 9. Threshold estimates: Fixed-effect panel threshold model.

Internet User Proportion (ISP) Threshold 95% CI

ISP1 0.531 0.530 0.535
ISP2 0.191 0.164 0.196
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In order to provide more thorough test information, Figure 6 illustrates the LR statistic
of two thresholds. The horizontal dashed line indicates the 95% confidence level, and the
ordinate corresponding to each point on the curve presents the probability ratio of the
threshold value. The curve represents each threshold value’s line of search points. The
confidence interval at the 95% confidence level is where the dashed line and the curve
intersect. The more accurate the threshold estimate was and the narrower the confidence
interval was, the smaller the influence of unobserved factors would be.

We then analyzed the fixed-effect double-threshold model, and the regression results
are shown in Table 10. For the control variables, except for the degree of financial de-
velopment (Cre), all the remaining control variables showed a significant impact on IFI.
According to the test and the threshold value, the diffusion effect of the network on IFI can
be preliminarily confirmed. When the proportion of internet users was low (ISP ≤ 0.191),
the coefficient of INT was 0.002 and insignificant, indicating that the low degree of internet
development has no significant promotion effect on IFI. When ISP reached the medium
scale (0.191 < ISP ≤ 0.531), the INT coefficient was 0.017 and significantly positive at the 1%
level, which means that with the development of information network technology and the
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improvement of internet popularity, the development degree of the internet has a positive
effect on IFI. When ISP reached a high scale level (ISP > 0.531), the INT was significantly
positive at the 1% level, with a coefficient of 0.032, which is higher than the medium level,
which confirms that with the improvement of the internet penetration rate, the impact of
INT on IFI is gradually magnified. The results are consistent with the findings of Li et al.
(2022) [65], Liu et al. (2021) [66], and Su et al. (2021) [67] that the popularization of internet
technology facilitates trans-regional finance and produces a network spillover effect on
inclusive finance. Thus, Hypothesis 2 can be verified, suggesting that the promotion effect
of internet development on financial inclusion is nonlinear and has network externality.
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Table 10. Double threshold estimates of INT on IFI in China.

Variable Coefficient Robust S.E. 95% CI

Lngov 0.081 *** 0.017 0.047 0.115
Urban −0.484 *** 0.145 −0.780 −0.187

Str 0.162 *** 0.050 0.060 0.263
LnFDI 0.041 *** 0.011 0.019 0.064

Cre 0.001 0.004 −0.007 0.008

INT
ISP ≤ 0.19 0.002 0.005 −0.009 0.013

0.19 < ISP ≤ 0.53 0.017 *** 0.006 0.006 0.029
ISP > 0.53 0.032 *** 0.009 0.013 0.051

R2 0.798
F 80.35 ***

Obs. 341
Note: *** p < 0.01.

5.4. Robustness and Endogeneity Tests

In the robustness test, the core explanatory variable INT in baseline regression was
replaced by the one-period lag of INT to verify the reliability of the regression results. The
instrumental variables were selected to deal with endogeneity problems through 2SLS
regression. The specific results are shown in Table 11. After replacing INT with L-INT,
the regression result became consistent with the baseline (coefficient = 0.011, p < 0.01).
For the 2SLS estimation, the regression passed the weak instrumental variable test (RKF)
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and exogenous test, indicating that our instrumental variables are exogenous and ef-
fective. The coefficient of INT was still significantly positive for the promotion of IFI
(coefficient = 0.012, p < 0.01), which is consistent with our baseline regression and, in turn,
verifies our hypothesis.

Table 11. Robustness test and 2SLS estimate of INT on IFI in China.

Variables
FE 2SLS
(1) (2)

L-INT 0.011 *** -
(0.004)

INT - 0.012 ***
(0.004)

Kleibergen–Paap rk LM p-value - 0.0002
Kleibergen–Paap rk Wald F statistic - 211.735

Hansen J p-value - 0.364
Obs. 341 341

Note: Robust standard errors are in parentheses. *** p < 0.01.

6. Conclusions

Based on the 2006–2016 provincial panel data, this paper investigated the effect of
internet development on financial inclusion. Theoretical analysis suggests that the growth
of the internet can raise the level of financial inclusion through three venues: transaction
costs, transaction channels, and risk management. In the empirical analysis, we not
only measured provincial IFI in China using the coefficient of variation method but also
constructed INT through principal component analysis. The results show that INT plays a
significant positive role in promoting IFI. Moreover, because of network externality, INT
has a threshold effect on IFI. When ISP exceeded the threshold of 0.531, its impact on IFI
was found to be accelerated.

The above theoretical analysis and empirical tests lay a factual foundation for China’s
internet technology to support the development of financial inclusion. On the basis of the
above conclusions, the following policy recommendations are proposed. Firstly, every effort
should be made to develop internet communication technology and improve information
infrastructure platforms in various regions. Secondly, the integration and collaboration
between the internet and the financial industry should be enhanced, and product innovation
should be stimulated. Thirdly, the supervision and management system should improve
to effectively control and prevent the occurrence of financial risks. More details about the
policy proposals are provided as follows.

6.1. To Develop Internet Communication Technology and Expand the Coverage of Communication
Infrastructure Platforms Vigorously

The modernization of hardware technology will be necessary for the development
of internet communication technology in the future, followed by the development of
human resources. Possessing the most advanced internet infrastructure in the world, China
attaches great importance to the advancement of internet technology and promotes the
construction of its 5G infrastructure steadily. To some extent, mastering 5G technology can
influence how the world develops. It was anticipated that this technology would be fully
commercialized in 2020, which will raise China’s overall GDP level. Hence, building quality
infrastructure is the prerequisite for the development and application of 5G technology.
The installation of cables and platforms should completely encircle both urban and rural
areas, increase mobile network coverage throughout China, and concentrate on isolated
regions with outdated internet infrastructure. The focus should be placed on developing
support personnel and service networks, so as to advance China’s internet technology in
all areas and help the entire country to step into the “Internet+” age.
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6.2. To Promote Intelligent Integration and Collaboration between the Internet and the Financial Industry

The development of inclusiveness is the core of financial inclusion. The issue of insuf-
ficient branches and infrastructure in the process of financial development can be resolved
through the incorporation of internet technologies. Supporting financial inclusion is essen-
tial to the growth of the real economy. The influence of the internet on internet technology
financial inclusion is not only reflected through the technological change, but also through
the change in the business mode of the whole financial industry. It is also a catalyst for the
maintenance of sustainable business development. Therefore, we should first promote the
integration of internet technology and the financial industry, combining industrial informa-
tion automation and internet technology with the financial industry to make the latter more
intelligent. Secondly, the government should introduce relevant policies to encourage the
professional development of the digital financial industry, improve transaction efficiency,
promote innovation in financial products based on internet technology, and broaden the
channels of financial services. As outlined in the United Nations SDG, “financial inclu-
sion” refers to the provision of financial services to all segments of society at prices that
are affordable using technology [68]. Financial technology is the key driver for financial
inclusion, while financial inclusion is the basis for sustainable balanced development [69].
Beyond that, financial inclusion enables people to handle their financial obligations in an
effective and sustainable manner, thereby improving the allocation of existing financial
resources to support sustainable development and expanding the resources available in
the financial system, both of which can, in turn, support the Sustainable Development
Goals [70]. Ultimately, with the goals of improving the coverage rate, availability, and
satisfaction of financial services, a sustainable and efficient inclusive financial system can
be built, with the payment system, credit system and capital market as the infrastructure
and the legal system as the institutional assurance.

6.3. To Improve the Supervision and Management System to Prevent Financial Risks

Although internet technology has contributed to new opportunities for the develop-
ment of financial inclusion, there are many hidden risks. Emerging online finance generally
lacks a formal and systematic supervision mechanism due to its low entry threshold, which
will increase the possibility of financial risks. Accordingly, the paper gives the follow-
ing suggestions. Firstly, the relevant government departments should grant licenses to
institutions engaged in internet finance to reduce the possibility of risks from the source.
Secondly, given the sharing nature of internet information, more attention should be paid
to the privacy of institutions and customers. The information supervision and management
systems need to be improved, and the information grouping management technology en-
gine should be popularized in financial inclusion. In order to coordinate the development
of the internet and financial inclusion, the government must define the framework for
integrating the financial sector and create a single security management mechanism. In
this way, the inclusiveness of financial services can be expanded under the conditions of
sharing information, high efficiency, high convenience, and safe transactions.

On the other hand, this study on the connection between inclusive finance and the
internet still has certain limitations. First of all, the research was only undertaken in a
single nation, which may be difficult to generalize to other developing countries. Future
research could expand to other developing countries and include financial inclusion, digital
currencies, and the Internet of Things (IoT). Secondly, due to data limitations, and the
fact that there is no unified definition of internet development and inclusive finance, the
method and data we used to create indicators in this study may lead to measurement error.
Thus, future studies require more appropriate and updated data.
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