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Abstract: Human capital is a key factor in the economic growth and sustainable development of a
country. However, the impact of digitalization on human capital accumulation and the urban-rural
human capital gap in China is seldom a focus in the literature. This paper establishes a three-sector
economic growth model surrounding knowledge accumulation, endogenous technology, and labor
mobility. It is designed to theoretically explain the influence of digital empowerment on human
capital accumulation and its urban-rural gap in an economy. An empirical test is also conducted
using CFPS panel data for 25 Chinese provinces from 2016 to 2018. The results show that: Firstly,
digital empowerment significantly promotes the accumulation of human capital in rural and urban
areas. The number of years of education increases by 1.37% in rural areas and 3.07% in urban areas
for each index point of digitalization increase. Secondly, the impact of digitalization on the human
capital gap between urban and rural areas demonstrates an inverted U-shaped curve. However, it is
still within the Matthew Effect that the human capital gap between urban and rural areas is widening
in tandem with digital development. Finally, the Matthew Effect in digitalization on the urban-rural
human capital gap is relatively larger in the female group, higher education population, and larger
family size.

Keywords: digital empowerment; human capital; urban-rural gap; Matthew Effect; trickle-down effect

1. Introduction

For any country, human capital is not only an important engine of economic growth
and social development, but also a key factor in comprehensive rural revitalization. With
the arrival of a new era characterized by information technology and the digital economy,
more and more countries and regions have emphasized the role of human capital. Human
capital has gradually surpassed the status of material wealth and has become a core
factor supporting the sustainable development of any economy [1]. Research results
show that since China’s reform and opening up, the contribution rate of human capital
accumulation to the country’s economic growth has reached more than 40% [2], and
the comprehensive contribution rate of human capital to farmers’ income growth has
reached 38.57% [3]. However, China’s rural human capital accumulation is still at a low
level due to educational concepts, the income gap, development conditions, and other
factors, with a huge human capital gap between urban and rural areas. In recent years, the
education expenditure of urban and rural students has continued to converge at the stage
of receiving compulsory education, but the gap between urban and rural capital education
investment and development has continued to expand. In addition, the level of knowledge
consumption of urban residents is more than four times that of rural residents, while the
proportion of human capital for urban residents in the non-compulsory education stage
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is more than twice that for rural residents [4,5]. In this context, the human capital gap
between urban and rural areas will inevitably further reduce the total productivity factor
of an economy, thus widening the urban-rural gap between the rich and the poor, and
hindering the sustainable development of the economy.

Since the 21st century, digital development has become an important mover for
economic growth and social change, as well as an innovative factor and driving force
that enables the development of new industries, formats, and lifestyles. The “14th Five-
Year Plan” proposes that it is necessary to create new advantages in the digital economy;
accelerate the construction of the digital society; and advance the construction of the digital
economy, digital society, and digital government to drive the transformation of production
methods, lifestyles, and governance as a whole. According to the 51th Statistical Reports on
Internet Development in China, as of December 2022, the number of internet users in China
reached 1.067 billion, and the internet penetration rate reached 75.6%. China has about one
billion internet users, forming the largest and most dynamic digital society in the world.
As a result, digital empowerment has brought extensive influence and profound changes
to the production and lifestyle of Chinese residents. Telecommuting, intelligent production,
online education, and grid governance have become typical aspects of a digital China.
Further maturity in the construction of a digital society provided a key starting point in the
effective prevention, control, and governance of COVID-19.

Through this background, studies have been conducted on the economic and social
effects of digital empowerment in China, which can be summarized in the following
four areas: 1. Research on the impact of digital empowerment on economic growth
methods, industrial structure upgrading, regional innovation performance, international
economic patterns, and other aspects of economic growth from a macro perspective [6–8];
2. Research and discussion on the impact of digital development on China’s urban-rural
gap in income and consumption, inclusive financial development, public services, and
inclusive economic growth from the welfare perspective of social development [9–13];
3. Research on the impact of digital transformation on the input-output efficiency of
enterprises, the level of division of labor in enterprises, human resource management,
corporate governance structure, organizational change, and other aspects of enterprise
production from an efficiency perspective [14–16]; 4. Analysis of the impact of digitalization
and informatization on rural residents’ entrepreneurial performance, production efficiency,
land transfer, rural finance, rural governance, and other aspects of rural society from a
development perspective [17–20].

At present, academic circles focus on the “digital divide” in education when studying
the relationship between digitalization and the development of human capital in urban and
rural areas. Research has shown that there is a significant digital divide in basic education
between rural and urban areas. Primary and secondary schools in urban and rural areas
differ in access to digital information equipment, digital literacy of teachers and students,
etc., which has caused and widened the digital divide in basic education [21]. There is also
a significant digital divide in family education between urban and rural areas. The family
ICT resources obtained by students outside school have an important impact on their
educational results, as well as the gap between urban and rural education. ICT resources
exert a greater positive impact on the academic literacy of students who have better family
backgrounds and enjoy more abundant ICT resources [22]. Online remote learning has
been rapidly popularized, particularly due to COVID-19, but it has also deepened the
impact of the uneven distribution of digital family education resources on learning results.
The access gap, caused by the shortage of equipment, and the use gap, due to the difference
in parents’ education levels, exert a significant negative impact on the improvement of
students’ academic performance [23].

Current studies focus on the economic and social effects of digital empowerment from
the perspectives of economic growth, the income gap, rural development, and enterprise
efficiency; and the relationship between digitalization and human capital development
is preliminarily discussed. However, three research limitations remain: First, the impact
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of digital empowerment on China’s human capital accumulation and the human capital
gap between urban and rural areas has not been examined from a macro perspective. By
starting their research from the use of digital infrastructure, most of the existing studies
focused on the impact of digital literacy on students’ academic performance. However,
they failed to respond to how the continuous improvement of the digitalization level in
China affects human capital accumulation and the human capital gap between urban
and rural areas, as well as what kind of curve change relationship it presents. Second,
there is a lack of theoretical research on the development relationship and general laws
between digitalization and human capital accumulation. Most of the existing studies on
the impact of digitalization on human capital only analyze the impact of digital resources
and their use on academic performance from the perspective of urban and rural education,
without any theoretical analysis of the impact of digital empowerment on human capital
accumulation and the human capital gap in an economy. Third, studies on the mechanism
and situation for the impact of digitalization on the urban-rural human capital gap are still
insufficient. The impact of digitalization on human capital accumulation will vary under
different cultivation stages and population pressures. Studies on digitalization are related
to the orientation and improvement of China’s urban-rural development, education, and
population policies, but the existing literature is lacking in these areas.

Can digital development promote the accumulation of urban-rural human capital
in China? What impact will it have on the human capital gap between urban and rural
areas? What are the differences in different education stages and population environments?
Studies on the above issues have important theoretical value and practical significance for
enhancing the quality of rural human capital, narrowing the human capital gap between
urban and rural areas, improving the construction of a digital society, and promoting rural
revitalization; but there are few such studies. For this reason, this paper establishes a
three-sector economic growth model. It is based on the basic assumptions of new economic
growth theories and centers on digital empowerment, human capital investment, and
urban-rural labor mobility. It is designed to explain the impact of digital development on
human capital accumulation and the human capital gap between urban and rural areas
from a theoretical perspective. On this basis, the panel data of 25 Chinese provinces and
regions from 2016 to 2018 were used in an empirical test, which combines macro and micro
databases such as the China Digital Index Report and China Family Panel Studies (CFPS).

The contribution of this paper is as follows: First, the promotion effect of digitalization
on China’s urban-rural human capital accumulation was measured for the first time, pro-
viding new research evidence for the “digital dividend” brought by digital empowerment
to an economy. Second, based on the basic hypothesis of an endogenous economy, a general
sector equilibrium model was established to explain the relationship between digitalization
and human capital accumulation. In theory, the influence of digital empowerment on
human capital accumulation and the urban-rural gap in an economy was revealed and
tested through empirical tests. Third, it is found that the influence of digitalization on
the human capital gap between urban and rural areas has an inverted U-shaped curve
relationship: in the short term, the human capital gap between urban and rural areas
presents a Matthew Effect trend alongside the development of digitalization; and in the
long term, digital dividends will be transferred to rural areas through the trickle-down
effect, further narrowing the human capital gap between urban and rural areas. Fourth, it is
found that the urban-rural gap of human capital accumulation in China is still continuously
expanding with the development of digitalization, and this Matthew Effect is greater for
larger family sizes and higher support pressure. This trend should be considered when
formulating national education, population, and digital empowerment policies.

2. Theoretical Explanation

This paper established a regional economic growth model comprising the rural sec-
tor, urban sector, and government sector, that is based on the basic assumptions of new
economic growth theories such as knowledge endogenesis, knowledge accumulation, and
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technology endogenesis. This was combined with the labor transfer theory and the de-
velopment practice scenario in China to theoretically explain the effect and mechanism of
digital empowerment on human capital accumulation and the urban-rural human capital
gap in an economy.

2.1. Rural Sector

Suppose that in an economy under the continuous iteration of production-consumption
cycles, there is a rural sector composed of several rural households whose utility function
is U(cr

t), with the consumption level of the first period cr
t . In a Chinese rural management

situation, with the continuous development of the market economy and the cyclical nature
of agricultural production, rural residents demonstrate both agricultural production and
non-agricultural employment, where agricultural operation is exempt from taxation, but
non-agricultural labor income is subject to certain income tax. Therefore, it is assumed
that rural residents spend nt and mt in agricultural production and non-agricultural em-
ployment every year; the unit non-agricultural labor wage is wt, subject to the government
tax rate of π; the total working hours throughout the year are standardized to be 1, i.e.,
mt + nt ≤ 1. In addition, under agricultural production support and protection, rural
residents can receive a certain amount of government transfer payment TRt in each period.
Further, based on the basic assumption of endogenous economic growth theory, agricul-
tural production is assumed to be a function of human capital and production technology,
namely f (·) = f (Ar

t , Nt), where f (·) is the agricultural production function, Ar
t is the level

of agricultural technology, and Nt is the level of human capital (In order to simplify the
analysis and focus on the output contribution of human capital, elements such as land, agri-
cultural capital, and other capital are not included in the agricultural production function
herein. Of course, taking the above factors into account in the production function does
not affect the derivation and conclusion of the model, as does the urban sector). Based on
the knowledge endogenesis hypothesis, education is the main method of human capital
accumulation. Suppose Nt = er

t nt, with er
t as the education level of rural residents in period

t, which mainly comes from education investment Er
t in each period [24–26]. Based on

this, according to the endogenous economic growth theory, it is generally assumed that
the education level er

t in period t is a function of the education investment in the previous
period. According to the cumulative characteristics of knowledge, this hypothesis was
further developed in this paper, which is to say, the education level of rural residents in

period t, er
t , is a function of education investment in all previous periods, i.e., er

t = f (
n
∑

t=1
Er

t ),

which is more in line with actual human capital development practices.
Based on the above, it is assumed that the economy has improved its degree of digital-

ization through the construction of internet infrastructure, data management platforms,
service platforms, and other investment means, thus further enabling industrial develop-
ment and factor allocation. In view of the endogenous characteristics of digitalization,
productivity can be further improved by changing production methods and developing
management methods. Therefore, it is assumed that the level of agricultural production
technology is a function of the degree of digital development, namely Ar

t = Ar
t(Dt), where

Dt is the digitalization level of the economy in period t. Suppose that the utility function
of rural residents is CRRA utility function U(cr

t) = (cr
t
1−θ − 1)/(1− θ), where θ is the

risk aversion coefficient; the production function is the simplified CD production function
f (·) = Ar

t(Dt)er
t nt; the return function of education investment is the concave function

er
t = ln(∑ Er

t ) that satisfies the law of diminishing marginal returns; and the human capital
level of the non-agricultural labor force is Mt = mter

t . At the same time, it is suitable to be
characterized by index because digital transformation drives production and technological
progress and has the economy of increasing marginal returns [27]. Thus, the agricultural
technology function can be set as Ar

t(Dt) = aD2
t , and a > 1 is the technical facility constant.

With the market price of agricultural products as Pr
t , and the discount rate of rural resi-
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dents’ intertemporal consumption as β, then the maximum utility of the rural sector can be
expressed as:

max
n

∑
t=1

βtU(cr
t) (1)

s.t.cr
t + Er

t ≤ Pr
t f (·) + (1− π)wtmter

t + TRt (2)

2.2. Urban Sector

In contrast to the rural sector, it is assumed that there is an urban sector composed
of several urban residents who produce and consume in each period. Suppose that its
production function is F(·) = F(Au

t , Ht, Mt) = Au
t (Dt)[eu

t ht + er
t mt] and its utility function

is U(cu
t ) = (cu

t
1−θ − 1)/(1− θ), where cu

t is the consumption level of urban residents in
period t; Au

t is the level of industrial production technology; and eu
t and ht represent the

education level and working time of urban residents, respectively. The product of the two,
i.e., Ht, is the total human capital of urban residents. The urban sector absorbs both the
urban labor force and labor force from the rural sector for production, and pays wages w to
the rural labor force in each period, which is subject to certain income taxes. The market
price of industrial products is assumed to be Pu

t , and the income tax rate is π. In order
to simplify the analysis, the wage level of the rural labor force is assumed to be equal to
the value of marginal products from its labor under the assumption of complete market
competition [9]. Then, the function of returns to urban residents’ education investment is
assumed to be eu

t = ln(∑ Eu
t ), where Eu

t is the education investment of each period, meeting
the characteristics of knowledge endogenesis and knowledge accumulation.

Based on the technology endogenesis characteristics of digitalization, it is also assumed
that industrial production technology Au

t is a function of the digital development level Dt of
the economy and has the production characteristics of increasing marginal returns. Without
loss of generality and relying on better technological infrastructure than the rural sector,
urban enterprises can more rapidly apply digital technology to industrial production and
enterprise management, thus fully enjoying technology-empowered dividends brought
by the transformation of digital production and management in the early stage of digital
development [28]. However, when the digital empowerment level of the urban sector
develops to a certain stage, the rural sector is able to implement a relatively mature
digital application when compared with the urban sector, and can release higher marginal
productivity to improve production efficiency [9,27]. Therefore, the technical coefficient of
industrial production can be assumed as Au

t (Dt) = (2a)Dt . Thus, the total working hours
of urban residents in each period are standardized to be 1, i.e., ht ≤ 1, and the discount rate
of urban residents’ intertemporal consumption is γ.

Then the maximum utility of the urban sector can be expressed as:

max
n

∑
t=1

γtU(cu
t ) (3)

s.t.cu
t + Eu

t ≤ (1− π)[Pu
t F(·)− wtmter

t ] (4)

2.3. Government Sector

It is assumed that the economy has a government sector to carry out macroeconomic
regulation and control, mainly providing good social public services for the production,
life, and social redistribution of residents. Without loss of generality, digital development is
based on the construction of information infrastructure, such as the internet and blockchain,
and the establishment of corresponding digital management and service platforms. Thus, it
is assumed that the digital development level Dt of the regional economy mainly depends
on the government investment in digital construction DIt, i.e., Dt = Dt(DIt), ∂Dt/∂DIt > 0.
The government is also assumed to have other public service expenditures of Gt and
transfer payments of TRt to the rural sector, and its income mainly comes from the taxes of
urban and rural sectors. Based on the previous assumptions, the total tax revenue of the
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government in period t is πPu
t F(·). Therefore, the equation for government revenues and

expenditures is:
DIt + Gt + TRt ≤ πPu

t F(·) (5)

When the economy achieves equilibrium, it can be combined with the constraints of
the urban and rural sectors, so that the urban-rural dual economy has the following optimal
budget constraints:

cr
t + Er

t + DIt + Gt ≤ Pr
t f (·) + πPu

t F(·) + (1− π)wter
t mt (6)

cu
t + Eu

t + DIt + Gt + TRt ≤ Pu
t F(·)− (1− π)wter

t mt (7)

2.4. Solution of Regional Economic Equilibrium and the Effect of Digitalization

When the economy achieves equilibrium, the following Lagrange equations were
established by combining the objective function of urban and rural sectors with the optimal
budget constraints:

`r =
n

∑
t=1

βtU(cr
t) +

n

∑
t=1

λr
t [P

r
t f (·) + πPu

t F(·) + (1− π)wte
r
t mt − cr

t − Er
t − DIt − Gt] (8)

`u =
n

∑
t=1

γtU(cu
t ) +

n

∑
t=1

λu
t [P

u
t F(·)− (1− π)wte

r
t mt − cu

t − Eu
t − DIt − Gt − TRt] (9)

where, `u
t and `r

t represent the Lagrange equation for maximizing the utility of urban and
rural sectors, respectively, under the continuous circulation of the economic cycle and
balanced operation. λu

t and λr
t represent the Lagrange multipliers of the urban and rural

sectors, respectively. Based on this, the respective human capital accumulation equations for
the rural and urban sectors under optimal conditions can be obtained by seeking the partial
derivatives of the urban and rural sectors against their decision variables: consumption
and education investment:

er
t = ln[

Pr
t Ar

t(Dt)nt + (1− π)wtmt + πPu
t Au

t (Dt)mt

1− β(cr
t /cr

t+1)
θ

] (10)

eu
t = ln[

Pu
t Au

t (Dt)ht

1− γ(cu
t /cu

t+1)
θ
] (11)

The urban-rural human capital gap equation egap = eu
t − er

t can be further expressed
as follows:

egap
t = ln{

[1− β(cr
t /cr

t+1)
θ ]Pu

t Au
t (Dt)ht

[1− γ(cu
t /cu

t+1)
θ ][Pr

t Ar
t(Dt)nt + (1− π)wtmt + πPu

t Au
t (Dt)mt]

} (12)

Then, through the partial derivation against Dt, the digital development degree of
the economy, and using the urban-rural human capital accumulation equation and the
urban-rural human capital gap equation, we can get:

∂er
t

∂Dt
=

Pr
t nt∂Ar

t(Dt)/∂Dt + (1− π)mt∂Au
t (Dt)/∂Dt + πPu

t mt∂Au
t (Dt)/∂Dt

Pr
t nt Ar

t(Dt) + mt Au
t (Dt)[(1− π) + πPu

t ]
> 0 (13)

∂eu
t

∂Dt
=

∂Au
t (Dt)/∂Dt

Au
t

> 0 (14)

∂egap
t

∂Dt
=

Ar
t(Dt)Pr

t nt(ln 2a− D ln a2)

Ar
t(Dt)Pr

t nt + Au
t (Dt)mt[(1− π) + πPu

t ]
(15)
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It can be concluded that the education levels of rural and urban residents are positively
correlated with the level of digital development. In other words, digital empowerment can
significantly promote the human capital accumulation of urban and rural residents. It can
be further proved that:

∂egap
t /∂Dt > 0, s.t.D < ln 2a/ln a2 (16)

∂egap
t /∂Dt < 0, s.t.D > ln 2a/ln a2 (17)

T = ln 2a/ln a2 > 0, s.t.a > 1 (18)

It can be seen that the relationship between the urban-rural human capital gap and
the level of digital development in the economy shows an inverted U-shaped curve: When
the level of digital development is lower than the threshold T, the urban-rural human
capital gap is positively correlated with the level of digital development. At this time, the
impact of digitalization on the urban-rural human capital gap is at the “digital divide”
stage; i.e., there is a Matthew Effect under which the urban-rural human capital gap will
expand. However, with the continuous digital development of the economy, when the
digitalization level is higher than the threshold T, the urban-rural human capital gap is
negatively correlated with the level of digital development. At this time, the impact of
digitalization on the urban-rural human capital gap is entering the digital dividend stage;
i.e., there is a trickle-down effect under which the urban-rural human capital gap will
narrow, as shown in Figure 1.
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Figure 1. Digitalization and the urban-rural human capital gap (e* represents the peak of the urban-
rural human capital gap at the inflection point from the expansion to convergence of the impact of
digitization on the urban-rural human capital gap).

According to the derivation process of the above theoretical model and the following
relevant research findings, digital empowerment can significantly promote the human
capital accumulation of urban and rural residents. It is mainly subject to internal motivation
as follows: First, digital development can effectively promote production progress and
economic growth, and improve the income of urban and rural residents–through the
development of the digital economy, digital industry, and technology empowerment–so as
to further enhance the education investment of urban and rural residents in the economy
and promote education level growth in the urban and rural labor force [7,29]. Second,
digital development can bring greater information capital for urban and rural residents
to promote the information symmetry and scale sharing of formal education and skill
training resources, enrich and optimize human capital cultivation resources, accelerate
the formation of a learning society, and advance the accumulation of human capital in
urban and rural societies [30]. Third, educational means and concepts should be further
improved through digital technology. Digital means such as network platforms and online
teaching are used to accelerate knowledge dissemination and reduce the marginal cost
of education. Based on digital technology, education efficiency and the human capital
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cultivation effect are improved. In this process, the transformation of education concepts is
promoted, enabling urban and rural families to focus more on human capital investment,
thus further boosting the human capital growth of urban and rural residents [31,32].

Further, the impact of digital development on the urban-rural human capital gap
presents an inverted U-shaped curve, which is possibly due to the internal motivation of a
significant “digital divide” between urban and rural residents in the ability to access and
use digital resources. In addition, the “first-level digital divide” caused by the differences in
digital infrastructure construction and the “second-level digital divide” caused by the dif-
ferences in digital application capabilities, such as information awareness and information
skills, will further lead to the “third-level digital divide,” which is caused by the widening
urban-rural gap between the rich and the poor, the education gap, and other development
gaps [21,33,34]. In this context, urban residents rely on “first-hand advantages” to enjoy the
welfare effect of digital development, such as improving the education effect and education
level. As a result, the impact of digital development on the urban-rural human capital
gap will enter the stage of an ever-expanding “digital divide,” which may lead to the
Matthew Effect of those who are already better becoming even better, as shown on the
left side of Figure 1. Then, as the digitalization level of an economy is further developed,
especially through the popularization of mobile internet technology, the ability of rural
residents to acquire, manage, and process digital information will continue to improve. At
the same time, rural areas can learn from the experience of urban areas in the development
and application of early digital technology to better apply digital technology to increase
farmer income, industrial development, and educational progress [35,36]. Thus, the role
of digitalization in promoting the flow of urban and rural factors and resource sharing
will become increasingly mature, which will release relatively higher marginal growth
potential [9,11]. Based on this, digital development will create a trickle-down effect of
digital dividends that will flow from urban residents to rural residents. Rural residents will
have more development potential in exploiting digital dividends. This “later-advantage”
will significantly inhibit the expansion of the urban-rural human capital gap, so that the
balanced development of urban-rural education will enter the “digital dividend” stage, as
shown on the right side of Figure 1.

3. Research Design
3.1. Model Parameters

In this paper, a measurement model was constructed to empirically analyze the impact
of digital empowerment on China’s human capital accumulation and the urban-rural
human capital gap. First, the following regression equation was established:

Eduit = β + α1Digit−1 + α2URit + α3URit · Digit−1 + α4URit · Dig2
it−1 + ∑ γixit + σi + εt + µit (19)

where, Eduit is the human capital level of the respondent, measured by the number of years
of education. Digit−1 is the level of digitalization in the last period of the region where
the respondent is located. In order to avoid the problem of simultaneous causality, the
main explanatory variables were delayed for one period using the research methods of
Zhang Xun et al. [12]. URit is the location of the respondent (urban = 1; rural = 0). α1, α2,
α3, and α4 represent the influence coefficients: digitalization, urban/rural classification,
interaction between digitalization and urban/rural classification, and interaction between
digitalization2 and urban-rural classification. xit is a control variable that may affect
education level; γi is the influence coefficient of the control variable; σi represents the
individual effect that does not change with time; εt represents the time effect that does
not change with individual time; β and uit represent intercept term and random error,
respectively; i refers to the ith respondent; and t refers to period t. Then, Equation (19) can
be further transformed into:

Eduit = β + α1Digit−1 + (α4Dig2
it−1 + α3Digit−1 + α2)URit +∑ γixit + σi + εt + µit (20)
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It can be seen that if α1 > 0 is significant, digitalization can effectively promote the
human capital accumulation of urban and rural residents. If α2 > 0 is significant, there
is a significant human capital gap between urban and rural areas, i.e., the human capital
level of urban residents is significantly higher than that of rural residents. If α4 < 0 is
significant, the impact of digitalization on the urban-rural human capital gap presents an
inverted U-shaped curve. On this basis, if α3 > 0 is significant, the impact of digitalization
on the urban-rural human capital gap is expanding; if α3 < 0 is significant, the impact
of digitalization on the urban-rural human capital gap is narrowing. To control as much
as possible the impact of individual characteristic factors that do not change with time
and time trend factors that do not change with the individual on the human capital level
of urban and rural residents, a two-way fixed effect model was used in this paper for
benchmark regression estimation.

Two endogenous estimation errors may still exist in the above model. The first
is reverse causality. As the quality of human capital is an important factor affecting
technological innovation, the years of education of respondents in a certain region may
affect the level of digital development in that region. Therefore, there may be endogenous
errors caused by reverse causality. The main explanatory variables were delayed for one
period in this paper. However, since the CFPS database is generally surveyed in the middle
of the year, the information collected is related to the respondents in the past 12 months.
The measurement of the degree of digitalization was calculated based on the year-end data
of the region in the previous period. Thus, there may still be an overlap period between the
main explanatory variables and the observed explained variables. This observation detail
was considered in this paper, and the problem of simultaneous causality was not completely
excluded. The second error is the problem of missing variables. The explained variable
is the level of human capital, while the factors that affect the development of the human
capital of Chinese residents are numerous and difficult to fully observe. Although the
influences of the individual effect and the time effect are controlled in the model, historical
factors and environmental factors may have an impact on the years of education. Therefore,
endogenous problems caused by missing variables will inevitably occur. In this paper, the
following two methods were used for the robustness test:

The first method is to substitute the explained variable. In this paper, the net difference
between the average years of education of urban samples and the average years of education
of rural samples was used as the proxy variable of the urban-rural human capital gap to
establish the following measurement model:

egap
it = β + λ1Digit−1 + λ2Dig2

it−1 + ∑ γixit + µit (21)

where, egap
it is the urban-rural human capital gap. λ1 and λ2, respectively, represent the

influence coefficients of digitalization and its quadratic term on the urban-rural human
capital gap. If λ2 < 0 is significant, the impact of digitalization on the urban-rural human
capital gap presents an inverted U-shaped curve. On this basis, if λ1 > 0 is significant, the
urban-rural human capital gap is expanding with the development of digitalization; or
conversely, it is narrowing.

The second is an instrumental variable method. In order to eliminate the endogenous
estimation bias caused by missing variables and the simultaneous causality from the mea-
surement method level, an appropriate instrumental variable was selected to “substitute”
digitalization, the explanatory variable, for regression in this paper; based on the fact
that it is highly related to the explanatory variables, not directly related to the dependent
variables, and not significantly related to other explanatory variables. On this basis, using
the research method of Yu Bintong et al. [37], the two-stage least squares (2SLS) and the
limited information maximum likelihood (LIML) methods were used in the regression of
instrumental variables to ensure the robustness and credibility of the regression results.
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3.2. Variable Design

1. Explained variables. Based on the existing literature, the years of education were used
to measure the human capital level of urban and rural residents in this paper [26,38].
Specifically, the years of education of all urban and rural samples were used as an
explained variable in this paper for benchmark regression analysis. The highest
degree completed by the respondents at the time of the survey was converted into
the corresponding years of education to measure their human capital level through
continuous variables. Then, the urban-rural human capital gap was used as an
explained variable for robustness analysis. The urban-rural human capital gap is the
actual value of the average years of education of urban samples minus the average
years of education of rural samples, so as to obtain a continuous variable for the urban-
rural human capital gap. The larger the net difference, the greater the urban-rural
human capital gap, or the inverse of this is true.

2. Main explanatory variables. In this paper, the level of digital development in China’s
provinces and regions was taken as the main explanatory variable. Using the theory
and index system of Fan Hejun et al. [39] to measure China’s regional digitalization
degree, the digitalization level of an economy was considered from four aspects: pro-
duction, distribution, exchange, and consumption. These comprise an organic system
in social production and reproduction according to Marxist political economics. There-
fore, the digital empowerment level of 25 Chinese provinces (autonomous regions and
municipalities directly under the Central Government) was depicted and measured
using 23 secondary indexes in total, from the four dimensions of production digital-
ization (production), circulation digitalization (exchange), consumption digitalization
(consumption), and government digitalization (distribution) (For the specific index
system, see the China Digital Index Report, Fan Hejun et al., Beijing; Economy & Man-
agement Publishing House, 2020). The measurement system fully considers all links
of economic operation, social exchange, and resident life and can comprehensively
and objectively measure the degree of digitalization in various regions of China. As
the proxy variable of digital empowerment, it has good pertinence and credibility.

3. Instrumental variables. Based on the research design of Nunn and Qian [40], Zhao
Tao et al. [41], and Yuan Chun et al. [28], the interaction between the number of
fixed-line telephones in China’s provinces and regions in 1984, and the number of
internet users in China in a period behind in the sample observation period, was
taken as the instrumental variable for regional digital development level in this paper.
On the one hand, the development and application of digital technology began with
the public switched telephone network (PSTN). The early level of telecommunication
infrastructure construction in a region will affect the subsequent digital construction
due to its technical basis and technical inertia. The number of fixed-line telephones
reflects the early level of telecommunication infrastructure construction in each region
and can better meet the correlation principle of instrumental variables. On the other
hand, 1984 is far from the sample observation period, and the number of fixed-
line telephones belongs to the category of communication. As fixed-line telephones
mainly provide communication services for the public, this variable cannot have a
direct impact on the years of education of urban and rural residents in the sample
observation period from 2016 to 2018, and it can well meet the exogenous principle
of instrumental variables. The CFPS data used in this paper include two periods of
panel data. Therefore, based on the existing research and the number of fixed-line
telephones in each region in 1984, the interaction for the numbers of internet users
in 2015 and 2017 was introduced as an instrumental variable of the panel data. The
instrumental variable formed using this method is called Shift-Share. Its exogenous
nature is mainly provided by Share (the number of fixed-line telephones), while Shift
(the number of Chinese internet users) provides a unified time change trend that is
not at the same observation level as the Share portion, nor heterogeneous with the
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observation values of each sample. New endogenous factors will not be introduced,
so as to form an effective instrumental variable [40–42].

4. Control variables. The existing literature was first reviewed. Then, to better ob-
serve the impact of digitalization on the accumulation of human capital and the gap
between urban and rural areas—while also trying to control factors that affect the
explained variables—individual characteristics of respondents, their parents’ edu-
cation levels, and family environment factors were introduced into the regression
equation as control variables. These included the respondents’ sex, age, marital
status, mother’s education level, father’s education level, family size, family eco-
nomic status, etc. [43–45] Based on this, the individual effect and time effect were
further controlled using a fixed effect model to minimize the estimation bias caused
by missing variables.

3.3. Data Source and Descriptive Statistics

The data used in this study are from the 2016–2018 China Family Panel Studies (CFPS),
China Digital Index Report, China Statistical Yearbook (1985), and Statistical Reports on
Internet Development in China. The reasons for selecting the above four data sources:
firstly, the main explanatory variables used in this study are from the China Digital Index
Report; secondly, the explained variables and control variables used in this study mainly
come from the CFPS database; thirdly, in this study, instrumental variables are constructed
on the basis of two data sources—the China Statistical Yearbook (1985) and Statistical
Reports on Internet Development in China. Based on the above data sources, the following
data matching and processing work was conducted: According to the research method
used by Zhang Xun et al. [12], the degree of digital development in China’s provinces
and regions in 2015 and 2017 was matched with the relevant data, such as the years of
education of residents, in the CFPS for the years 2016 and 2018 to accurately estimate the
impact of digital empowerment on human capital growth. Then, CFPS samples who were
born from 1988–2002 were selected as the research objects for empirical analysis. This was
based on the idea that as residents are generally continuously educated, the number of
years of formal education is less likely to increase after the age of 30. At the same time,
samples born after 2002 were not included because those samples received compulsory
education in the earliest observation period of 2016. The increase in the number of years
of education during this period mainly depends on the national compulsory education
policy. The impact of this policy was eliminated in this paper. Based on this, samples born
from 1988–2002 were selected. This period covers the complete human capital growth
cycle from primary school to graduate school and can accurately define the audience range
and estimate the impact of digital empowerment on the accumulation of human capital
in urban and rural areas. In addition, the family questionnaire in the CFPS database was
matched with the individual questionnaire to obtain the corresponding control variable
system. The null values, extreme values, and non-Chinese samples were removed. After
strict data matching and cleaning, 17,558 samples were obtained from 25 mainland Chinese
provinces (autonomous regions and municipalities directly under the Central Government),
including 9704 rural samples and 7854 urban samples.

The preliminary statistical characteristics of the data sample are shown in Figure 2. In
2016, the average number of years of education for rural samples was 9.23 years, and that
of urban samples was 10.69 years, showing an urban-rural human capital gap of 1.46 years.
In 2018, the average number of years of education for rural samples was 9.92 years, and
that of urban samples was 11.56 years, showing an urban-rural human capital gap of
1.64 years. Compared with 2016, the years of education for urban and rural residents
increased significantly in 2018, but the growth rate of urban residents was 0.87 years,
which was higher than that of rural residents, 0.69 years. In contrast, the average digital
development index of the 25 Chinese provinces and regions was 56.74 in 2015, which rose to
66.10 in 2017, indicating that China’s digital development level has been growing rapidly in
recent years. This growth rate is highly consistent with the growth scale of China’s internet
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users, the construction of internet infrastructure, and other internet development rates
published in the Statistical Reports on Internet Development in China. The above statistical
analysis shows that the human capital gap between urban and rural areas in China has
a weak expansion trend during the sample observation period, and the degree of digital
development has a synchronous change trend with the years of education of rural residents,
the years of education of urban residents, and the urban-rural human capital gap. With
the continuous development of digitalization in China, the growth rate of the years of
education of urban residents is significantly higher than that of rural residents, reflecting
certain first-hand advantages of the digital dividend.
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Figure 2. Digital development and the growth of years of education in urban and rural areas.

In this regard, the effect and mechanism of digital empowerment on human capital
accumulation and the human capital gap between urban and rural areas were accurately
measured through the rigorous measurement test in this paper. Specifically, the variable
assignment and statistical characteristics of data samples are shown in Table 1.

Table 1. Variable Assignment and Statistical Characteristics.

Variables Definition Mean SD

Explained variables

Human capital
accumulation

Measured by the number of years; the highest degree obtained
by the respondent is converted into the corresponding number
of years: Illiterate/Semi-illiterate = 1; Primary school = 6; Junior
high school = 9; High school/Technical secondary school = 12;

College = 15; Bachelor = 16; Master = 19; Doctorate = 22

10.27 3.51

Urban-rural human
capital gap

Net difference between the average years of education of urban
residents and the average years of education of rural residents

among all samples
1.44 3.50

Main explanatory variables

Digitalization Digital development index, a continuous variable of 1–100 61.42 12.94

Urban/rural classification Actual residence of the respondent: Rural = 0; Urban = 1 0.45 0.50

Control variables

Sex Sex of the respondent: Female = 0; Male = 1 0.49 0.50

Age Actual age of the respondent 23.03 4.44
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Table 1. Cont.

Variables Definition Mean SD

Marital status Whether the respondent is married: No = 0; Yes = 1 0.36 0.48

Mother’s education level

The highest degree obtained by the respondent’s mother:
Illiterate = 1; Primary school = 6; Junior high school = 9; High

school/Technical secondary school = 12; College = 15;
Bachelor = 16; Master = 19; Doctorate = 22

4.92 4.13

Father’s education level

The highest degree obtained by the respondent’s father:
Illiterate = 1; Primary school = 6; Junior high school = 9; High

school/Technical secondary school = 12; College = 15;
Bachelor = 16; Master = 19; Doctorate = 22

6.26 4.23

Family income ln value of actual income of the respondent’s family in the past
12 months 10.90 1.05

Family size Actual number of household population of the
respondent’s family 4.52 2.08

Instrumental variable

Number of fixed-line
telephones in 1984

Interaction between the number of fixed-line telephones in 1984
and the number of Chinese internet users in 2015/2017 in the
province where the respondent is located, as an instrumental

variable of the digitalization level in 2015/2017

84.10 37.26

4. Empirical Test
4.1. Benchmark Regression Analysis

In this paper, a two-way fixed effect model was used to estimate the impact of urban-
rural differences on human capital accumulation (Model 1) and the impact of digitalization
on the urban-rural human capital gap (Model 2), as shown in Table 2. In order to ensure
the validity of the estimation results, the Hausman test was carried out for Model 1 and
Model 2. The Prob > chi2 test values of the two models were both contrary to the original
hypothesis at the 1% statistical level, indicating that the fixed effect model was suitable
for estimation. In addition, the statistical values of Prob > F in the two models were both
significant at the 1% statistical level, indicating that they passed the overall significance test
and had statistical significance.

According to the specific estimation results: First, the impact of urban-rural classifica-
tion on the human capital level among all samples was estimated separately in Model 1. It is
found that the urban-rural classification is positively correlated with the years of education
at the 1% statistical level, indicating that there is a significant human capital gap between
urban and rural areas, and the human capital level of urban residents is significantly higher
than that of rural residents. Second, digitalization, the interaction between digitalization
and urban/rural classification, and the interaction between digitalization2 and urban-rural
classification, were further included in this paper for estimation in Model 2. The results
show that: 1. The impact of digitalization on the years of education of urban and rural
residents is positively correlated at the 1% statistical level, indicating that digitalization can
significantly promote human capital accumulation of urban and rural residents, which is
consistent with the theoretical analysis results. 2. The interaction between digitalization2

and urban-rural classification is negatively correlated at the 1% statistical level, indicat-
ing that the impact of digitalization on the urban-rural human capital gap presents an
inverted U-shaped curve. In other words, along with digital development, the human
capital gap between urban and rural areas will rise first and then fall, which further proves
the theoretical point in this paper. 3. The interaction between digitalization and urban-rural
classification is positively correlated at the 5% statistical level, which indicates that digital-
ization is exerting a greater impact on the urban-rural human capital gap, demonstrating
the Matthew Effect.
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Table 2. Benchmark regression analysis.

Model 1 (Dependent Variable: Human
Capital Level)

(Regression of All Urban and Rural Samples)

Model 2 (Dependent Variable: Human
Capital Level)

(Regression of All Urban and Rural Samples)

Urban/rural classification 0.1391 (0.0640) ** 0.1642 (0.0711) **

Digitalization – 0.0157 (0.0039) ***

Digitalization * urban/rural – 0.0059 (0.0030) **

Digitalization2 * urban/rural – −0.0004 (0.0001) ***

Sex 0.4428 (0.2634) * 0.4347 (0.2631) *

Age 0.0171 (0.0599) 0.0151 (0.0598)

Marital status −0.2233 (0.0472) *** −0.2215 (0.0472) ***

Mother’s education level 0.0258 (0.0124) ** 0.0252 (0.0124) **

Father’s education level 0.0022 (0.0099) 0.0032 (0.0099)

Family size −0.0091 (0.0104) −0.0026 (0.0106)

Family income 0.0680 (0.0146) *** 0.0662 (0.0146) ***

Time effect 0.7924 (0.1209) *** 0.6629 (0.1255) ***

Intercept term 8.4425 (1.3364) *** 7.5665 (1.3506) ***

Observed value 17,558 17,558

R2 0.225 0.227

F value 282.80 214.63

Note: ***, **, and * represent the significance at the statistical levels of 1%, 5%, and 10%, respectively, and indicate
the same in the tables below.

4.2. Robustness Test

1. Substitution of the explained variable. In this paper, the years of education of all
samples used in the benchmark regression analysis were substituted by the difference
in years of education. Based on the rural samples, the impact of digitalization on the
urban-rural human capital gap was estimated. The results are shown in Table 3. To
ensure the validity of the estimated results, the Hausman test, overall significance
test, and time trend test were carried out. The Hausman test results show that the
Prob > chi2 test values of the two models were both contrary to the original hypothesis
at the 1% statistical level. In the time trend test, the explained variable has a time
effect that does change with the individual. Then, a fixed effect model was used to
determine the estimate. The statistical values of Prob > F in the two models were
both significant at the 1% statistical level, indicating that they passed the overall
significance test and the estimated results had statistical significance.

The estimated results show that: First, in Model 3, the impact of digitalization on the
urban-rural human capital gap is positively correlated at the 10% statistical level, indicating
that digital development can promote the urban-rural human capital gap, which means
that it is currently in the Matthew Effect stage and the urban-rural human capital gap is
expanding. Second, in Model 4, the quadratic term of digitalization was further included.
It is found that the impact of digitalization on the urban-rural human capital gap is still
positively correlated at the 5% significance level, and the impact of digitalization2 on the
urban-rural human capital gap is also negatively correlated at the 5% significance level,
which indicates that the impact of digitalization on the urban-rural human capital gap
shows an inverted U-shaped curve. In other words, the urban-rural human capital gap is
expanding with digital development. The above estimated results are consistent with the
results of benchmark regression analysis.
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Table 3. Estimation of substituting explained variables.

Model 3 (Dependent Variable:
Urban-Rural Human Capital Gap)

(Regression of Rural Samples)

Model 4 (Dependent Variable:
Urban-Rural Human Capital Gap)

(Regression of Rural Samples)

Digitalization 0.0126 (0.0072) * 0.0147 (0.0073) **

Digitalization2 – −0.0002 (0.0001) **

Sex −0.1289 (0.3565) −0.1211 (0.3564)

Age −0.0331 (0.0355) −0.0438 (0.0359)

Marital status 0.2198 (0.0645) *** 0.2177 (0.0645) ***

Mother’s education level −0.0514 (0.0179) *** −0.0525 (0.0179) ***

Father’s education level 0.0136 (0.0148) 0.0129 (0.0148)

Family size −0.0281 (0.0150) * −0.0286 (0.0150) *

Family income −0.0858 (0.0207) *** −0.0872 (0.0207) ***

Intercept term 2.6139 (0.5127) *** 2.7958 (0.5195) ***

Observed value 9426 9426

R2 0.012 0.013

F value 7.09 6.81

***, ** and * represent the significance at the statistical levels of 1%, 5%, and 10%, respectively.

2. Endogenous processing. In this paper, the instrumental variable method was used
for endogenous processing. First, the instrumental variable test was conducted for
the benchmark regression analysis, and the 2SLS and LIML models were used for
estimation. The results are shown in Table 4. The impact of digitalization on the
years of education of urban and rural residents is still significant at the 10% statistical
level. The interaction between digitalization and urban/rural classification, and the
interaction between digitalization2 and urban-rural classification are both positively
and negatively correlated with the years of education at the 1% statistical level. The
above results are consistent with the benchmark regression results, indicating that
while digitalization significantly promotes the accumulation of human capital in
urban and rural areas, its impact on the urban-rural human capital gap also presents
an inverted U-shaped curve. The urban-rural human capital gap is expanding with
digital development. The estimated regression coefficient and significance level results
in the 2SLS model and LIML model are highly consistent, indicating that there is no
weak instrumental variable problem and the instrumental variable test results are
robust. In addition, the weak identification test for instrumental variables shows
that the Kleibergen-Paap rk LM item is significant at the 1% statistical level, which is
contrary to the original hypothesis: insufficient identification of instrumental variables.
The Cragg-Donald Wald F item is greater than the critical value at the 10% level in the
identification test of Stock-Yogo weak instrumental variables, which is contrary to the
original hypothesis of weak instrumental variables. The above test results show that
the selection and estimation of instrumental variables are reliable.

Further, the instrumental variable test was carried out for the regression model in
which the explained variable was substituted, and the 2SLS model and LIML model were
used for estimation at the same time (Table 5). In Model 7 and Model 8, the instrumental
variable test was carried out for the impact of digitalization on the urban-rural human
capital gap, and the impact of digitalization2 was controlled. The results show that the
impact of digitalization on the urban-rural human capital gap is still positively correlated at
the 1% significance level, while digitalization2 is negatively correlated with the urban-rural
human capital gap at the 1% level, which is consistent with the results of the benchmark
regression analysis and its instrumental variable test, indicating that the measurement
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results have good robustness. In addition, in order to test whether the inverted U-shaped
relationship of the impact of digitalization on the urban-rural human capital gap is robust,
the quadratic term of the instrumental variable was taken as the instrumental variable of
digitalization2 in Model 9 and Model 10, and the instrumental variable test was carried out
on the impact of digitalization2. The estimated results are highly consistent with Model
7 and Model 8. Digitalization2 is still negatively correlated with the urban-rural human
capital gap at the 1% level, which indicates that the inverted U-shaped relationship of
the impact of digitalization on the urban-rural human capital gap is relatively robust.
In addition, the estimated results of the 2SLS model and the LIML model in the above
estimation are consistent, and the weak instrumental variable test results are contrary to
the original hypothesis of “insufficient identification of instrumental variables,” indicating
that the estimated results of instrumental variables are reliable.

Table 4. Test of instrumental variables for benchmark regression analysis.

Model 5 (2SLS Estimation)
(Regression of All Urban

and Rural Samples)

Model 6 (LIML Estimation)
(Regression of All Urban

and Rural Samples)

Urban/rural classification 1.0085 (0.0649) *** 1.0085 (0.0649) ***

Digitalization 0.0056 (0.0032) * 0.0056 (0.0032) *

Digitalization * urban/rural 0.0249 (0.0047) *** 0.0249 (0.0047) ***

Digitalization2 * urban/rural −0.0026 (0.0003) *** −0.0026 (0.0003) ***

Control variable Controlled Controlled

Time effect Controlled Controlled

Intercept term −2.1425 (0.2922) *** −2.1425 (0.2922) ***

Observed value 17,558 17,558

R2 0.2645 0.2645

Wald test value 6293.15 6293.15
Note: In order to conserve space, the estimated results of control variables have been omitted, and the same is
done in the tables below. *** and * represent the significance at the statistical levels of 1% and 10%, respectively.

Table 5. Test of instrumental variables substituting explained variables.

Model 7 (2SLS
Estimation)

(Regression of Rural
Samples)

Model 8 (LIML
Estimation)

(Regression of Rural
Samples)

Model 9 (2SLS
Estimation)

(Regression of Rural
Samples)

Model 10 (LIML
Estimation)

(Regression of Rural
Samples)

Digitalization 0.0825 (0.0073) *** 0.0825 (0.0073) *** 0.0322 (0.0093) *** 0.0322 (0.0093) ***

Digitalization2 −0.0036 (0.0003) *** −0.0036 (0.0003) *** −0.0015 (0.0006) *** −0.0015 (0.0006) ***

Control variable Controlled Controlled Controlled Controlled

Time effect Controlled Controlled Controlled Controlled

Intercept term 7.6525 (0.4935) *** 7.6525 (0.4935) *** 9.8281 (0.5626) *** 9.8281 (0.5626) ***

Observed value 9426 9426 9426 9426

R2 0.1636 0.1636 0.1678 0.1678

Wald test value 1932.48 1932.48 1788.72 1788.72

*** represent the significance at the statistical levels of 1%, respectively.

In summary, the robustness test based on substituting explained variables and in-
strumental variables shows that: First, digitalization can significantly promote the human
capital accumulation of urban and rural residents. Second, the impact of digitalization
on the urban-rural human capital gap presents an inverted U-shaped curve. Third, the
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impact of digitalization on the urban-rural human capital gap is currently expanding. For
the above three measurement conclusions, the estimation results are robust.

3. Estimation by sample. The above test results show that the impact of digitalization on
the urban-rural human capital gap currently presents a Matthew Effect trend, i.e., the
urban-rural human capital gap is expanding with the development of digitalization.
Based on this, the robustness of this conclusion was tested by grouping the estimation
for urban and rural samples. The estimated results are shown in Table 6. First, in
Model 11, the impact of digitalization on the years of education of rural residents is
significant at the level of 10%, with an influence coefficient of about 1.37%, which
indicates that the years of education of rural residents will increase by 1.37% for each
index point of digitalization. In contrast, in Model 12, the impact of digitalization
on the years of education of urban residents is significant at the level of 1%, with an
influence coefficient of 3.07%, which indicates that the years of education of urban
residents will increase by 3.07% for each index point of digitalization. The promotion
effect of digital empowerment on human capital accumulation in urban areas is
more than twice that of rural areas, and the significance level is relatively higher.
It can be seen that the digital dividend enjoyed by urban residents in the current
process of digital development is far higher than that enjoyed by rural residents,
further widening the urban-rural human capital gap. Therefore, the impact of digital
empowerment on the urban-rural human capital gap shows the Matthew Effect at
this stage, and this estimation result is robust.

Table 6. Impact of digitalization on the urban-rural human capital gap.

Model 11 (Dependent Variable: Years
of Education of Rural Residents)
(Regression of Rural Samples)

Model 12 (Dependent Variable: Years
of Education of Urban Residents)
(Regression of Urban Samples)

Digitalization 0.0137 (0.0078) * 0.0307 (0.0069) ***

Control variable Controlled Controlled

Individual effect Controlled Controlled

Time effect Controlled Controlled

Intercept term 5.5027 (1.7949) *** 10.4111 (2.2056) ***

Observed value 9704 7854

R2 0.217 0.234

F value 139.29 122.76

*** and * represent the significance at the statistical levels of 1% and 10%, respectively.

4.3. Heterogeneity Analysis

Based on the above analysis, and taking into consideration the national education
policy and population policy, a heterogeneity analysis was further conducted on the impact
of digitalization on the urban-rural human capital gap in different situations and groups
(Table 7). The estimated results show that: First, the Matthew Effect of digitalization on
the urban-rural human capital gap is more significant among women, which indicates that
women are still relatively vulnerable in rural family education. In rural households with
relatively scarce digital resources and educational resources, women are more likely to
become the givers under the “lifeboat effect”. Second, based on the school-age character-
istics after compulsory education, urban and rural residents aged 14–18 and above were
divided into secondary education and higher education stages, and two respective regres-
sion analyses were carried out. The results show that the expansion effect of digitalization
on the urban-rural human capital gap is more significant in the stage of higher education,
indicating that digitalization has expanded the human capital gap between urban and rural
residents receiving higher education, namely, the accumulation of high-level human capital.
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Therefore, it may be necessary to enable rural residents to fully enjoy the digital dividend
from high schools to universities, i.e., the stage of higher education, so as to improve the
development level of rural human capital and narrow the human capital gap between
urban and rural areas.

Table 7. Heterogeneity analysis.

Dependent Variables: Years of Education among All Samples
(Regression of All Urban and Rural Samples)

Digitalization * urban/rural Digitalization2 * urban/rural

Sex

Male 0.0025 (0.0044) −0.0001 (0.0002)

Female 0.0089 (0.0041) ** −0.0007 (0.0002) ***

Educational phase

Secondary education −0.0039 (0.0094) −0.0008 (0.0005) *

Higher education 0.0095 (0.0031) *** −0.0003 (0.0001) *

Family members

Three or less 0.0177 (0.0065) *** −0.0007 (0.0003) **

Four 0.0198 (0.0103) * −0.0002 (0.0005)

Five 0.0191 (0.0107) * −0.0004 (0.0005)
Note: In order to conserve space, the estimated results of control variables have been omitted. ***, ** and *
represent the significance at the statistical levels of 1%, 5%, and 10%, respectively.

Finally, considering that low-income families may experience the “lifeboat effect” in
terms of educational resources and development resources after the enactment of China’s
three-child policy, the impact of digitalization on the urban-rural human capital gap under
different family sizes was further estimated. This was done to look at the further expansion
in opportunity inequality for the human capital development of the new generation in
urban and rural areas. The results show that the expansion effect of digitalization on the
urban-rural human capital gap is relatively higher in a family of four or family of five
than in a family of three, which indicates that the Matthew Effect of digitalization on the
urban-rural human capital gap will be further intensified with larger family sizes in urban
and rural areas. Therefore, while China promulgates the population stimulation policy, it is
necessary to consider the balanced distribution of education resources and development
resources, to properly adjust education resources and digital dividends to rural groups,
and to avoid the widening human capital gap between urban and rural areas caused by the
population policy. A country should improve the quantity of human capital, enhance the
quality of new human capital, and pay attention to the balanced development of human
capital in urban and rural areas, so as to effectively improve total factor productivity and
promote sustainable economic and social development.

5. Conclusions and Enlightenment

Based on the above research, four main conclusions are summarized in this paper. First,
digital empowerment can significantly promote the human capital accumulation of urban
and rural residents. Theoretical studies and empirical tests show that digitalization has
actively promoted the higher education level of urban and rural residents, thus promoting
the accumulation of human capital in urban and rural areas through the improvement of the
income mechanism, information mechanism, and education methods and concepts. Second,
the impact of digital empowerment on the human capital gap between urban and rural
areas shows an inverted U-shaped curve. In the early stage of digital development, urban
residents enjoy the first-hand advantage of digital dividends under the existence of the first
and second-level digital divide, which further leads to the continuous expansion of the
human capital gap between urban and rural areas as digital developments progress. This
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is a clear demonstration of the Matthew Effect. With further digital development, digital
dividends will be transferred from urban areas to rural areas, further releasing the digital
empowerment potential of rural residents. In this case, the human capital gap between
urban and rural areas will be further narrowed through the trickle-down effect. Third, the
impact of digitalization on the human capital gap between urban and rural areas is still in
the Matthew Effect stage. Based on the empirical analysis of panel data from 25 Chinese
provinces and regions, the promotion effect of digital empowerment on the education
growth of urban residents is more than twice that of rural residents; i.e., the human capital
gap between urban and rural areas is still expanding with the development of digitalization.
Finally, the expansion effect of digitalization on the human capital gap between urban and
rural areas reflects certain demographic characteristics and characteristics of the education
stage, especially in the female group and higher education stage, and presents the features
of further expansion with the growth of family size. In other words, compared with a
family of three, the Matthew Effect is relatively greater in a family of four or a family of
five in urban and rural areas.

Based on the above research conclusions, the following four policy implications were
proposed in this paper. First, digital construction should be strengthened in underdevel-
oped regions, and the regional human capital development level should be improved.
Research shows that digitalization has significantly promoted an increase in the number of
years of education and human capital accumulation in urban and rural societies. Therefore,
in terms of the construction of the internet and the digital society, a balanced and opti-
mized path for improving the development level of regional human capital is to strengthen
the cultivation capacity and accumulation potential of human capital in underdeveloped
regions through mechanisms such as income, information, and resources. In the end,
it is necessary to strengthen the establishment of information infrastructure and digital
technology platforms in underdeveloped regions, improve the internet penetration rate,
accelerate the construction of a digital society, and enhance the spillover effect of digital
empowerment on human capital accumulation. The second point is to narrow the digital
gap between urban and rural areas and accelerate the arrival of the turning point of the
inverted U-shaped curve. The digital infrastructure construction and use gaps between
urban and rural areas are the main reasons for the widening human capital gap between
urban and rural areas in terms of digital development. Therefore, to release the digital
dividend potential of rural society as soon as possible, the urban-rural integration strategy
should be adopted to construct digital infrastructure in a timely manner. At the same time,
it is necessary to strengthen the rural application of digital technology in production and
life, improve digital teaching methods, and enhance the digital literacy of educators, thus
accelerating the release of the technical potential of digital elements for human capital
cultivation. This will also mark the turning point in the narrowing of the human capital
gap between urban and rural areas. Third, with the liberalization of population policies,
attention should be given to the further expansion of the human capital gap between urban
and rural areas. Digital technology should be used to bridge the gap in education resources
and development resources between urban and rural areas, as well as to promote the
coordinated development of urban and rural human capital. The equalization of urban
and rural education capacity should be improved through corresponding digital teaching
and high-quality online resource sharing. A focus should be placed on appropriate policy
preference for digital resources and educational resources in rural areas. Fourth, the digital
use ability and digital dividend level of rural residents should be improved in the high
school, higher enrollment, and higher education stages. Research shows that the expansion
effect of digitalization on the human capital gap between urban and rural areas is mainly
reflected in its promotion effect on urban residents to receive higher education, which is far
higher than that of rural residents. For this reason, it is necessary to improve the digital
use ability and digital support level in rural areas at the corresponding school-age stage,
to enhance the sharing status of digital education resources and development resources,
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and to promote the coordinated development of high-level human capital in urban and
rural areas.
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