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W N e

Abstract

Multi-dimensional inequality among rural residents has become a major obstacle hindering
the achievement of global poverty alleviation goals. This study utilized household sample
data from the China Family Panel Studies (CFPS) over four periods from 2014 to 2020 and
applied them to a high-dimensional fixed effects model to estimate the impact of digital
literacy on multi-dimensional inequality among rural residents. The results show that
digital literacy can effectively alleviate the multi-dimensional inequality of rural residents.
From the perspective of a mediating effect, digital literacy alleviates the multi-dimensional
inequality of rural residents by improving the level of social capital and promoting social
harmony. Moreover, the alleviation of multi-dimensional inequality among rural residents
by digital literacy varies among different groups. The impact of digital literacy on the
multi-dimensional inequality of agricultural workers and rural residents in western regions
is relatively greater than that of non-agricultural workers and rural residents in other
regions. Information processing literacy in digital literacy has the most significant impact
on the multi-dimensional inequality of rural residents. This paper enriches the mecha-
nism paths of digital literacy in alleviating the multi-dimensional inequality among rural
residents in terms of both material and spiritual aspects, and provides a certain reference
value for achieving the all-round development of rural residents and contributing to rural
production practices.

Keywords: digital literacy; rural residents; multi-dimensional inequality; China

1. Introduction

According to the World Bank’s latest Global Economic Outlook report, global trade
growth is projected to slow from 3.4% in 2024 to 1.8% in 2025, marking the lowest level in
nearly a decade. Global economic growth is facing great challenges. The global poverty
eradication goal set by the United Nations” “2030 Agenda for Sustainable Development”
is to “eliminate all forms of poverty worldwide by 2030”. The implementation of the
2030 Agenda has encountered severe challenges; rural issues and the multi-dimensional
inequality of rural residents have become bottlenecks for achieving the United Nations
Sustainable Development Goals (SDGs) globally. China is the largest developing country
and is crucial to achieving the Sustainable Development Goals. The imbalance between
urban and rural development and the lagging development of rural areas are the primary
manifestations of the main social contradictions in China at present. Rural areas are facing
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problems such as intensified population outflow, large income gaps between urban and
rural areas, the underutilized value of agricultural resources, and a prominent dual urban—
rural structure, each of which have become weak links in China’s efforts to achieve the
Sustainable Development Goals (SDGs).

The digital transformation of agriculture and rural areas is a key area that many coun-
tries and regions around the world, as well as international organizations, are committed
to promoting. It is also an important signifier of cooperation between China and the Food
and Agriculture Organization of the United Nations. Digital transformation is driving
the development of agriculture and rural areas globally. Since the concept of the “Digital
Countryside” was first included in the Central Document No. 1 of China in 2018, major
policy documents at all levels, such as the “Digital Countryside Development Strategy
Outline”, the “Digital Countryside Development Action Plan”, and the “National Smart
Agriculture Action Plan (2024-2028)”, have been promulgated, providing policy guarantees
for the development of the digital countryside. According to the 54th Statistical Report on
the Development of China’s Internet, released in 2024, the internet penetration rate in rural
areas was 63.8%, lower than that in urban areas, which is 85.3%. Rural areas still need to
focus on multiple digital divides. From a macro perspective and down to the perspective
of individual rural residents there are, beyond gaps in facilities, equipment, and network
terminal hardware, differences in digital literacy among rural residents in different regions
in terms of application. Making rural residents participate in sharing the fruits of digital eco-
nomic development and enabling them to some extent escape multi-dimensional inequality
will be key to the future development of digital villages [1]. Enhancing rural residents’
digital literacy and shaping new rural residents in the digital era is the inevitable path
to promoting digital empowerment for rural revitalization and also provides experience
reference for other developing countries and underdeveloped regions.

Academic research on multi-dimensional inequality among rural residents mainly
focuses on identification, measurement and analysis of influencing factors. The research
subjects and themes of digital literacy focus mainly on high-quality groups and deep-
level digital divides, and the related research fields mainly involve finance, healthcare
and education. As of now, there is still considerable room for supplementation in the
literature that links digital domains such as the internet and digital literacy with rural
areas, agriculture and rural residents. This paper is based on the further study of relevant
research content. The adoption of digital technologies by rural residents has enhanced
the willingness of agricultural entrepreneurship, and the advantages of digital finance
with “wide coverage, low cost and fast speed” can solve the problem of the “last mile”
of financial services, greatly improving rural residents’ livelihoods and helping to reduce
poverty [2,3]. The digital literacy of rural residents can reduce the risk of returning to
poverty, while employment and entrepreneurship are important mechanisms to reduce
the risk of returning to poverty, with vulnerable households benefiting more from dig-
ital literacy [4]. Digital literacy has a significant promoting effect on the efficiency of
green agricultural production, and can also effectively enhance rural residents” awareness
of green agricultural products and their adoption of green production technologies [5].
In the era of digital intelligence, shaping new farmers is an inevitable path to promot-
ing the development of rural revitalization through digital empowerment. The study
of the impact of digital literacy on multi-dimensional inequalities aims to provide ac-
tion guidelines for the economic and social development of developing countries and
underdeveloped regions.
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The marginal contribution of this article lies mainly in three aspects. Firstly, from the
perspective and methods of the research, this study focuses on rural residents and uses
CFPS panel data and fixed-effect estimation, aiming to reveal the impact of digital literacy
on multi-dimensional inequalities. Based on multi-dimensional egalitarianism theory, social
justice is grounded in “human relationship patterns” that align with different distribution
principles, focusing on interpersonal relationships and objective environments in human
society to construct multi-dimensional inequality indices [6]. Digital economy theory
reveals that data, as forming a non-exclusive new production factor, exacerbate existing
social, economic, and regional inequalities through digital applications, forming a “digital
divide” [7]. Digital literacy refers to the quantified “feasibility” of individuals in digital
environments. Differences in digital literacy levels are both the cause and core manifesta-
tion of multi-dimensional inequality. This study empirically analyzes the impact of digital
literacy on multi-dimensional inequality among rural residents at the household level,
providing valuable supplements to theoretical research on multi-dimensional inequality.
Secondly, the study examines the mediating effect of digital literacy on multi-dimensional
inequality among rural residents, using social capital levels and social harmony as mecha-
nism variables to provide new analytical pathways. Social capital theory posits that social
capital levels directly influence collaborative efficiency and opportunity structures between
individuals and groups [8]. Social identity theory clarifies that individuals” sense of belong-
ing and identification with groups strengthens internal cohesion, while social harmony is
precisely the result of such identity integration. Economic behavior theory indicates that
rational decision-making is not only driven by material interests but also embedded in
social relationships and identity contexts [9]. The coherent mechanism of “social structure-
psychological identity-economic behavior” is formed, social capital influences economic
behavior by enhancing the possibility of cooperation, and social identity strengthens this
process by increasing the willingness and stability of cooperation, ultimately driving more
efficient and sustainable economic actions. Thirdly, analyzing the heterogeneous impacts
of rural household employment patterns, the role of regional disparities in mitigating
digital literacy effects, and how different digital literacy levels influence the alleviation of
multi-dimensional inequalities can help identify key areas for improving rural residents’
digital literacy benefits. This research provides valuable insights for governments and
social organizations to enhance the effectiveness of digital application strategies.

The remaining contents of the paper are arranged as follows: The second part puts
forward a theoretical hypothesis based on a realistic background and theoretical basis;
the third part introduces the data source, index selection, variable description and model
design in detail. The fourth part makes empirical analysis based on the content of the
third part, and explains the empirical results. The fifth part draws conclusions and puts
forward relevant suggestions. To sum up, the main thought of this paper is shown
in Figure 1.
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Figure 1. Research flowchart.

2. Theoretical Assumption

Eliminating multi-dimensional inequality and promoting sustainable development are
the common missions of humanity and also the top priorities of the Chinese government.
Multi-dimensional inequality is not only the lack of income, resources and energy that
makes it difficult to make a living, but also manifest in physical and mental health [10], liv-
ing standard [11], environment quality [12], degree of education [13], public service [14,15]
and so on, which amount to the multi-dimensional hardship and social problems of rural
residents that are brought about by inequity and inadequacy. The improvement of produc-
tion and life must be inclusive in order to achieve sustainable development. With the steady
development of the digital economy, the wide application of digital technologies such
as big data, artificial intelligence, the internet of things and cloud computing can reduce
transaction costs and improve operational efficiency, promote the digital transformation
of enterprises, and attract great attention from policymakers, practitioners and academia.
Previously, digital literacy has often been associated with health [16,17], education [18,19],
finance [20], risk [21], etc. If we enhance digital literacy we embrace a better life. Therefore,
the demand gap for skilled labor with digital literacy is large in terms of its creation and
employment. In rural areas, developing the digital economy requires the development or
acquisition of human resources related to digital technology. At the same time, rural residents
need to enhance their digital literacy in order to adapt to the digital economy era and achieve
significant development. Hence, this paper puts forward research hypothesis 1.

Hypothesis 1. Digital literacy can alleviate multi-dimensional inequalities among rural residents.

Digital literacy can directly alleviate economic income and social resource inequalities
among rural residents by enhancing their social capital levels. Digital literacy can reduce the
risk of returning to poverty by promoting local non-agricultural employment and migrant
workers’ employment, enhancing entrepreneurial performance and expanding the scale
of entrepreneurship. By examining the relationship between digital literacy and poverty
reduction in terms of employment and entrepreneurship, it is found that the employment
approach is a more effective and significant way. Internet use has also increased the stability
of non-farm employment. Digitalization can enhance the efficiency of labor investment in
enterprises by improving labor skills. Only when enterprises possess digital technologies
and skilled workers can digitalization increase the value of enterprises [22]. The creative
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dimension of digital literacy has a significant predictive effect on the accumulation of
network social capital. The use of digital information technologies has actually improved
multi-dimensional inequalities for all groups, where social capital plays a key mediating
role. As a “toolbox” for individuals to acquire and mobilize resources, digital literacy helps
rural residents break geographical and social barriers, expand their networks, and access
high-quality information and opportunities [23]. It also fosters the establishment of online
trust and the formation of norms, reducing collaboration costs and thereby converting
social capital into tangible economic benefits such as credit support and entrepreneurial
partnerships. Based on the above evidence, the paper puts forward research hypothesis 2.

Hypothesis 2. Digital literacy can improve the level of social capital of rural residents, thus
alleviating multi-dimensional inequality among rural residents.

Digital literacy can indirectly alleviate the inequality associated with rural residents’
physical and mental health and their living environment. Digital information technology
has the characteristics of inclusive growth, is conducive to economic growth, and has
a positive role in narrowing the urban-rural income gap. However, Toffler found that
the information gap and wealth gap are widened by differences in the ownership, appli-
cation, and innovation capacity of information and network technologies [24]. This also
implies that the relationship between the development of the digital economy and multi-
dimensional inequalities might be more complex. By comparing the different mechanisms
in existing studies, it is found that the role of digital literacy in terms of humanistic care
such as social harmony has been overlooked. Chinese society is a “relationship-oriented”
society. Social relationships, as a social resource, can provide social support for people [25].
Digital literacy, as a “lubricant” for interpersonal interaction, can reduce the sense of social
isolation by meeting social and emotional needs and enhance the sense of belonging and
subjective well-being of disadvantaged groups. The instant communication function of the
internet breaks through the limitations of time and space, promoting cross-group cultural
exchanges and community identification. It broadens the channels for public participa-
tion, making grassroots governance more transparent and responsive. By creating a more
inclusive, trusting, and fair social atmosphere, it can generally and positively alleviate dis-
parities in psychological well-being, accessibility of public services, and sense of community
belonging, and has shared and positive external effects in alleviating multi-dimensional
inequalities among rural residents. Based on this, this paper puts forward the research
hypothesis 3.

Hypothesis 3. Digital literacy can improve the social harmony of rural residents, and then alleviate
the multi-dimensional inequality of rural residents.

The use of digital information technology has had heterogeneous impacts on the
multi-dimensional inequality conditions of various types of rural residents. Different
types of employment have systematic differences in the demand for digital skills and
application scenarios. Agricultural workers rely on digital technology to obtain production
information, market prices, and agricultural policies. Digital applications are limited to
specific fields. Non-agricultural employment usually requires a wider range of digital tool
usage, and digital literacy has a direct impact on income and career development [26,27].
The effectiveness of digital literacy largely depends on the local digital infrastructure and
support environment [28]. Regional differences often determine the practical feasibility of
digital literacy in alleviating multi-dimensional inequality [29]. The level of digital literacy
itself has a class distinction, and different levels of digital literacy have different effects on
alleviating multi-dimensional inequality. The low digital literacy group largely improves
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the convenience of life through basic skills, while high digital literacy individuals use
digital tools to generate income, participate in decision-making, or enhance their ability to
resist risks, thereby more effectively breaking through structural disadvantages. Based on
the above analysis, this paper further proposes hypothesis 4.

Hypothesis 4. The alleviating effect of digital literacy on the multi-dimensional inequality among
rural residents varies depending on employment status, the level of digital information development
in the region, and an individual’s digital literacy level.

3. Research Design
3.1. Data Sources

The data for this study primarily comes from the “China Family Panel Survey (CFPS)”
database released by the Institute of Sociology and Policy Studies at Peking University.
The data cover samples from 31 provinces (municipalities and autonomous regions) across
the country, demonstrating extensive coverage and high representativeness. CFPS tracks
data collection at three levels (individual, family, and community) to reflect changes in
China’s social, economic, demographic, educational, and health sectors, providing high-
quality data support for this study. The “Digital Rural Strategy” was first proposed in
the 2018 Central Document No. 1 of the Chinese government. The period from 2014 to
2016 was the foundational phase before policy implementation, while 2018 to 2020 was
the later phase of policy advancement, effectively revealing the changing role of digital
literacy in multi-dimensional inequality among rural residents. Additionally, because
CFPS data were released consecutively as expected in 2014, 2016, 2018, and 2020, the
survey questionnaire design maintained stronger continuity, enhancing the accuracy of the
study. Therefore, this paper constructs a measurement index system for multi-dimensional
inequality among rural residents and a digital literacy measurement index system based
on data from these four periods at the individual and family levels, while selecting control
variables. Furthermore, the per capita disposable income data for rural residents in each
province is sourced from the “China Statistical Yearbook”. Samples with statistical biases
or missing systematic indicators, such as those who answered “refused to answer” or
“don’t know”, were excluded. Ultimately, a total of 59,066 sample data were obtained over
four years.

3.2. Variables Description
3.2.1. Explained Variable

The explained variable of this paper is multi-dimensional inequality of rural residents,
denoted as MDI. Based on the multi-dimensional poverty theory, the authors constructed
a multi-dimensional inequality index (MDI), akin to that of Alkire, Foster and Santos, to
judge Chinese rural residents deprived in several dimensions of human life [30,31].

First of all, according to the United Nations 2030 Sustainable Development Goals
and China’s goal of fully building a modern socialist country, the preliminary multi-
dimensional inequality dimension is determined. The identification and measurement of
multi-dimensional inequality among rural residents are mostly conducted by calculating
comprehensive indices. Secondly, one must refer to the existing literature to further deter-
mine the multi-dimensional inequality dimension. Multi-dimensional inequality among
rural residents is influenced by multiple factors such as the economy, society, personal
attributes and the environment. The multi-dimensional inequalities were divided into
five dimensions: income, education, livelihood, housing, and employment [32]. We con-
structed an indirect effect model and dynamic panel threshold model, and the results
indicate that a digital economy significantly reduces energy poverty in China [33]. Age,
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marital status, educational attainment, awareness of poverty alleviation policies and region
are significant predictors of the multi-dimensional inequality [34]. The MPI is constructed
around four basic dimensions: health, education, economic status and living standards [35].
Education is the key to eradicating poverty and achieving stable poverty alleviation, and
it is also the fundamental means and important method to prevent the transmission of
poverty from one generation to the next. The research results of the World Bank show that,
based on the poverty line set by the World Banlk, if the education years of the labor force in
a family are less than 6 years, the poverty incidence rate will be higher than 16%. Therefore,
the threshold for the education indicator of the years of schooling is set at 6 years. Based
on the existing research, it can be observed that rural residents engaged in agricultural
work in China are generally more likely to fall into economic inequality when compared
with those engaged in non-agricultural work. This risk is particularly prominent among
those engaged in small-scale, traditional agricultural production. The production profits
of major agricultural products such as grains are meager, sometimes even negative. The
income of farmers is unstable and their sources of income are limited. The “life satisfaction
score” of 4 points is generally regarded as the key dividing point between “satisfaction”
and “average”. This threshold can effectively screen out the groups of family members that
require attention, avoiding diluting the targeted nature of the intervention by including
“neutral evaluations”. This conforms to the early warning principle of the “satisfaction
gap” in social psychology. In the 10-point scale of “environmental problem severity”,
5 points represents the theoretical median of the severity of the problem. A score above
5 indicates that the public’s perception of environmental problems has shifted from the
“acceptable” range to the negative range of “requiring attention”, which corresponds to
the empirical research on “the decline in public tolerance for environmental pollution”
in China’s environmental governance, and conforms to the practical convention in the
environmental policy field of using “over half score” as a risk signal monitoring node [36].
A multi-dimensional inequality measurement index system consisting of four dimensions
and eight indicators is constructed by further thinking and by considering factors such
as data availability. The specific contents are shown in Table 1, the relationship between
multi-dimensional inequality and the SDGs is shown in Figure 2.

Finally, the “double threshold method” is used to measure multi-dimensional inequal-
ity. The first threshold is the poverty limit in a single dimension, and each threshold is
defined by indicator critical value in Table 1. At the same time, this paper adopts the equal-
weight method common at home and abroad to calculate the multi-dimensional inequality
index, so as to ensure that the feasible capabilities described in each dimension have the
same importance for alleviating the multi-dimensional inequality of rural residents. The
question of whether it be economic, social, self, nature, or any dimension associated with
the alleviation of the inequality of rural residents or the realization of the sustainable
long-term development of families is not determined because of differences in different
dimensions. The second threshold is the critical value k of multi-dimensional inequality,
that is, the limit of the overall multi-dimensional inequality index weighted by multiple
dimensions. The choice of k value is crucial. The critical value of multi-dimensional relative
poverty is set as 0.33 by the United Nations Development Programme. Using this standard,
the threshold k of the multi-dimensional inequality composite index is set at 0.33; that
is, if the multi-dimensional inequality index of rural residents exceeds 0.33, they are in
multi-dimensional inequality. Therefore, this paper sets the critical value k to 0.33. When
the multi-dimensional inequality index of rural residents is greater than or equal to 0.33,
the farmer is in multi-dimensional inequality and its value is reassigned to 1; otherwise,
the multi-dimensional inequality index is reassigned to 0.
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Table 1. Multi-dimensional inequality index evaluation system.
Dimensions Indicators Deprivation Thresholds Weights
When the per capita income is less than 60% of the per capita
Income disposable income in the rural areas of the province in which 1/8
Economic it is located in that year, the value is set at 1; otherwise the
dimension value is set to 0.
Households with loans or arrears are assigned a value of 1;
Debt . . 1/8
otherwise the value is set to 0.
If any member of the family aged 16 or above has less than 6
Education years of education, it is assigned a value of 1; otherwise, it is 1/8
Social dimension assigned a value of 0.
Employment If any family member is enga.ged'm. agrlFultural work, it is 1/8
assigned a value of 1; otherwise, it is assigned a value of 0.
Health Assign a value of 1 if a. famﬂy member has a chronic disease; 1/8
otherwise, assign a value of 0.
Personal Assi lue of 1 ber of the family wh
dimension ssign a value of 1 to any member of the family whose score
1 Life satisfaction for life (rated from 1 to 5) is lower than 4; otherwise, assign a 1/8
value of 0.
If a household fails to receive any of the following resources
Land availability from the collective: farmland, ponds, forest farms or pastures, 1/8
. . it is assigned a value of 1; otherwise, it is assigned a value of 0.
Natural dimension . . .
. The score given by any member of the family for the severity
Environmental . ) . . . -
evaluation of environmental issues in China (ranging from 1 to 10) is 1 if 1/8

it is above 5; otherwise, it is 0.

Note: In the context of China, it is reasonable to maintain the relative poverty line at 60% of the per capita
disposable income of rural residents in the province.
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3.2.2. Core Explanatory Variable

The explained variable of this paper is digital literacy, expressed by DLI. According
to the Delphi method, digital literacy is evaluated in terms of software, hardware, and
technical problem-solving, network communication, ethics, security, artificial intelligence,
and interest knowledge [37]. This paper defines the digital literacy of rural residents as their
ability to acquire, process, utilize and transmit digital resources for work, entertainment,
socializing, learning and business by using digital technologies and tools in daily life and
production work. Based on the actual needs of rural residents and the availability of CFPS
data, this paper divides digital literacy into five functions and nine indicators: digital
general literacy, information processing literacy, digital social literacy, digital entertainment
literacy, and digital work literacy. Among these, the four indicators “Whether you will
conduct online shopping or sell goods online”, “Whether you will study online”, “Whether
you will communicate with family and friends through mobile communication software
(WeChat)”, and “Whether you will watch short videos, play games, etc. for entertainment
online” have differences in the questionnaire settings for 2020 when compared with the
previous three periods. To maintain the continuity of the samples from the four periods
without losing the latest sample, the process of this paper is undertaken in order to uni-
formly eliminate invalid samples and then set the responses of the previous three periods.
As a result, when “the frequency of using the internet for commercial activities”, “the
frequency of using the internet for learning”, “the frequency of using the internet for social-
izing”, and “the frequency of using the internet for entertainment” are “almost every day;,
3—4 times a week, 1-2 times a week, 2-3 times a month, once a month, and once every few
months” the answer is set as “Yes”, and the responses of “Never, not applicable” are set as
“No”. In this way, the samples from the previous three periods and the 2020 period can
reach the same standard in the calculation of the digital literacy indicator system. Finally,
the principal component analysis method was adopted to calculate the digital literacy index
of the samples. The detailed content is shown in Table 2.

Table 2. Index system and attribute of digital literacy.

Territory Specific Index Attribute
Are you accessing the internet (via mobile device)? +
Digital general literacy The significance of the internet for your access to +
information.
. o Would you conduct online shopping or sell goods online? +
Information processing literacy . o .
Would you undertake learning activities online? +
Would you use mobile communication software (WeChat) .
Digital social literacy to communicate with your family and friends?
The significance of the internet for your social interaction. +
Would you engage in online activities such as watching
short videos, playing games, etc. for entertainment +
Digital entertainment literacy purposes?
The significance of the internet for your entertainment +
activities.
Digital work literacy The significance of the internet for your work activities. +

Note: + indicates a positive correlation.
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3.2.3. Control Variables

The characteristics of household head and family were selected as control variables.
Among these, the characteristics of the head of household include gender (Gender), age
(Age), education (Education), health (Physical), marital status (Marry), which are the classic
control variables. The characteristics of the family include the nature of the family account
(HRT), the size of the family (Member), and the family deposit (Saving).

3.2.4. Mechanism Variables

The mechanism variables selected were social capital level and social harmony degree.
As for the measurement of social capital, this paper adopts three indicators associated with
the responses regarding the family’s expenditure on human favors (Gift), personal social
status (Social), and the number of days in a week that they obtain political information
through the internet (Political). The degree of social harmony is expressed by the severity
of the gap between the rich and the poor (GRP), the degree of trust of the respondents’
families on the government’s trust in cadres (DTC), and the overall satisfaction with their
work (O]S). The assignment method and descriptive statistics of all variables are shown in
Tables 3 and 4.

Table 3. Research variables.

Types of Variable

Name of Variable Symbol Assignment Method

Explained variable

Multi-dimensional inequality MDI Synthesis by the A~F method

index
Core explanatory variable Digital literacy index DLI Principal component analysis method generation
Gender Gender Male =1, female =0
Age Age The age of the survey year
Marital status Marry Marriage status = 1, otherwise = 0
Illiterate /semi-literate = 1; primary school = 1;
junior high school = 3; senior high
. school/technical school/vocational
Level of education Educate . .. . .
high school = 4; junior college = 5; university
Control variable undergraduate = 6; Master’s degree = 7;
Doctoral degree = 8
Physical condition Physical The health status in the survey is taken as the

reciprocal value

Household registration type ~ HRT Agricultural household registration = 1,

others =0
Family scale Member Total number of family members
The total household income over the past 12
Household saving Saving months minus the total household expenditure

(normalized processing)

Mechanism variable

Both in kind and in cash, total favors over the
last 12 months (normalized processing)

Individual social status Social Rate your position in local society (1 to 5 points)

Number of days in a week to get political

Payment of favors and gifts ~ Gift

Political information Political . . .
information on the internet
The severity of the gap between rich and poor in
Gap between rich and poor GRP China (0 means not serious, 10 means
very serious)
The degree of trust in cadres ~ DTC Trust in local government officials (0 to 10 points)
Overall job satisfaction oJs Self-rated overall job satisfaction (1 to 5 points)
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Table 4. Research measures.
Standard . Minimum Maximum

Symbol Mean Value Deviation Median Value Value
MDI 0.673 0.469 1 0 1
DLI 0.115 0.224 0.019 0 1
Gender 0.482 0.500 0 0 1
Age 53.75 14.28 54 16 98
Marry 0.861 0.346 1 0 1
Educate 2.226 1.173 2 1 8
Physical 0.404 0.248 0.333 0.200 1
HRT 0.781 0.414 1 0 1
Member 4.200 2.035 4 1 21
Saving 0.337 0.008 0.336 0 1
Gift 0.011 0.019 0.006 0.000 1.000
Social 3.105 1.117 3.000 —2.000 5.000
Political —4.004 4.922 —8.000 —8.000 7.000
GRP 6.508 2.607 6.000 —9.000 10.000
DTC 5.357 2.744 5.000 —2.000 10.000
oJs 1.094 4.889 3.000 —9.000 5.000

Note: Among the mechanism variables, negative answers represent “don’t know” “missing” or “not applicable”.
Given that some questions occupy the majority of samples and still have research value, this part of the sample is
not excluded. Due to the questionnaire design of CFPS stipulating that only specific respondents will answer the
subsequent questions, the first approach is to merge the data from previous surveys, using the valid information
from the previous rounds to fill in the missing values of the current round. Then, it is reasonable to assign “don’t
know”, “missing”, or “not applicable” as “0”.

3.3. Model Design

The empirical model of digital literacy on the multi-dimensional inequality of rural
residents is set as follows:

MDI;; =« + BDLI; + Z,Ile YykControlsy, + 0 + pi + € (1)

In type (1), i represents the rural residents, ¢ represents the year, k represents sample
quantity, explained variable MDI;; represents the multi-dimensional inequality index,
« represents constant term, DLI;; represents digital literacy among rural residents, and
B represents the digital literacy influence coefficient for the multi-dimensional inequality.
Let K represent the total number of samples, Controlski , include household head charac-
teristics and family characteristics, 7y, represent the regression coefficients for each control
variable, J; represent the time fixed effects, and y; represent the individual fixed effects of
rural residents, which control for the fixed characteristics of rural residents that do not vary
over time. g;; represents the random disturbance term. At this point, the core explanatory
variable is digital literacy. The article focuses on the variable B, if the § is significantly
negative, this indicates that digital literacy helps to mitigate multi-dimensional inequality
among rural residents, thereby verifying the hypothesis proposed earlier.

In order to analyze the path of digital literacy to alleviate the impact of multi-
dimensional inequality on rural residents, the mechanism analysis model of this paper is
set as follows:

Mi = &+ @DLIy + Y p_, veControlsy, + 6 + ; + € )

In type (2), M;; represents the mechanism variable through which digital literacy
affects multi-dimensional inequality among rural residents and ¢ represents the coefficient
of the effect of digital literacy on the mechanism variable. The meanings of the other
variables are the same as Equation (1).
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4. Empirical Analysis
4.1. Benchmark Regression Results

In order to examine the impact of digital literacy on the multi-dimensional inequality
of rural residents, a multiple linear regression estimation was used. According to model (1)
in Table 5, it can be seen that only the cluster of core explanatory variables is added to the
heteroscedasticity robust standard error of individual and year tests; model (2) represents
the regression result after the introduction of individual characteristic variables on the
basis of the addition of core explanatory variables; model (3) introduces the regression
result of family characteristic variables on the basis of model (2). The three models in
Table 5 show that digital literacy has a negative impact on the multi-dimensional inequality
of rural residents, and all are significant at the 1% level. This indicates that the higher
the digital literacy of rural residents, the more effectively they can alleviate the multi-
dimensional inequality of rural residents. With the popularization of the internet and
mobile communication technologies, rural residents with higher digital literacy can more
easily access various information resources and development opportunities, including
employment, education, healthcare, and market dynamics, which is of great significance for
alleviating the multi-dimensional inequality of rural residents, thus verifying Hypothesis 1
of this paper.

Table 5. Empirical results of benchmark regression.

Variable @ 2) 3
DLI —0.880 *** —0.872 *** —0.869 ***
(0.014) (0.014) (0.014)
Gender —0.109 —0.107
(0.070) (0.069)
Age 0.005 0.005
(0.005) (0.005)
—0.047 *** —0.039 ***
Educate (0.008) (0.008)
Physical —0.064 *** —0.064 ***
(0.010) (0.010)
Marry 0.003 0.001
(0.012) (0.012)
0.029 **
HRT (0.013)
0.003 *
Member (0.002)
Saving —1.380
(0.316)
Constant 0.774 *** 0.647 ** 1.077 ***
(0.002) (0.271) (0.290)
N 59,066 59,066 59,066
R? 0.643 0.644 0.644
Year FE Yes Yes Yes
Pid FE Yes Yes Yes

Note: (i) ***, **, and * indicate significance at 1%, 5%, and 10%, respectively; (ii) brackets indicate robust standard
error; (iii) R? stands for Pseudo R2.

According to the regression results, other variables also have a certain impact on the
multi-dimensional inequality of rural residents. From the perspective of individual charac-
teristic variables, rural laborers with higher education and better health are more likely to
avoid falling into a state of multi-dimensional inequality. On the one hand, education, as an
important indicator of individual ability and social status, has a significant positive impact
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on escaping multi-dimensional inequality. Higher education is usually associated with
greater potential for capital accumulation [38]. The optimization and improvement of the
higher education structure help to enhance the level of basic research, enabling the educated
to better understand the objective laws of development and thereby improving their ability
to identify and solve problems, as well as their learning thinking ability, problem-solving
ability, and social resource utilization ability. The talents cultivated by higher education
not only have a more complete knowledge system to promote the accumulation of human
capital, but more importantly, the expansion of higher education increases the innovative
human capital of enterprises. Technological innovation is a mechanism through which
higher education influences productivity growth and, in turn, the economy. Therefore,
education can enhance an individual’s productivity and innovation ability, and they tend to
perform better in both economic and social dimensions. On the other hand, good health is
the foundation for individuals to participate in social activities, pursue education, and seek
economic opportunities. Health status directly affects an individual’s labor productivity
and subsequent development ability [39]. Health problems can lead to higher medical
expenses, increasing the economic burden on families, especially for low-income families,
where this additional economic pressure is likely to lead to the long-term persistence of
multi-dimensional inequality.

In addition, from the perspective of family characteristic variables, the nature of the
household registration and the size of the family of the respondents have a significant
positive impact on their multi-dimensional inequality status; the family’s savings have
a significant negative impact on their multi-dimensional inequality status. In China, agricul-
tural household registration is usually associated with rural areas, while non-agricultural
household registration is related to urban areas. Members of agricultural household reg-
istration families are subject to certain geographical restrictions on employment due to
both subjective and objective factors, and the income level from agricultural work is gen-
erally low. Moreover, the upward social mobility of agricultural household registration
residents is limited, which affects their ability to improve their economic and social status.
Intergenerational inequality is thus maintained because the nature of a parents” household
registration often determines the resources and opportunities available to their children [40].
In contrast, members of non-agricultural household registration families have more and
broader employment opportunities outside of agriculture and are more likely to achieve
occupational mobility compared with rural laborers.

Family size is an important indicator for measuring family structure and social rela-
tionships. It affects the distribution of resources within the family, economic conditions,
and the social and economic opportunities of family members. Larger families may face
higher living costs, especially in terms of food, housing, and education. This may lead
to a decrease in per capita income of family members, thereby affecting the overall eco-
nomic security and well-being of the family. Moreover, a larger family size may limit the
opportunities for family members to receive higher education and participate in the labor
market, as the family needs more resources to meet basic needs [41]. When the proportion
of elderly and children in the family is larger, this means that the young and middle-aged
rural laborers in the family need to bear greater responsibilities for supporting the elderly
and raising children. As a result, their work locations and times are more restricted, leading
to a greater probability that this part of the labor force will choose to take care of the family
full-time or will prefer flexible employment, though their income is often not guaranteed.

4.2. Robustness Test

In order to ensure the reliability of the benchmark regression conclusion, the robustness
test was carried out by changing the measurement method of the explained variable,
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changing the measurement method of the core explanatory variable, replacing the model,
random sampling and dual machine learning.

4.2.1. Change the Measure of the Explained Variable

When using the A-F method to identify the multi-dimensional inequalities, there is
a problem that households near the critical value are classified into two different states
of poverty and non-poverty. Therefore, the actual original multi-dimensional inequalities
index MDI,;, is directly used as the dependent variable, and the results are shown in
column (1) of Table 6. The results show that the digital literacy of rural residents has
a significant negative impact on the multi-dimensional inequalities index.

Table 6. Results of robustness tests.

Variabl 1) (2) (3) @) (5)
A MDI,; MDI MDI MDI MDI

DLI —0.170 *** —4.506 *** —0.748 *** —1.065 ***

(0.004) (0.049) (0.061) (0.004)
—0.034 ***

DLIsum (0.001)

Constant 0.552 *** 1.070 *** 4.188 *** 1.387 —0.000
(0.087) (0.292) (0.904) (0.914) (0.002)

N 59,066 59,066 59,066 4124 59,066

R? 0.686 0.642 0.312 0.708

Controls Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Pid FE Yes Yes Yes Yes Yes

Note: (i) *** indicates significance at 1%; (ii) brackets indicate robust standard error.

4.2.2. Change the Measurement Method of Core Explanatory Variables

According to the definition of rural residents’ digital literacy level, the principal
component analysis method was used to measure nine sub-indexes from five dimensions:
digital generality, information processing, digital sociability, digital entertainment and
digital work. In this paper, the score direct sum method is used to measure the level of
digital literacy of rural residents, denoted as DLIg, and the benchmark regression is carried
out. Model (2) in Table 6 shows that rural residents’ digital literacy still has a significant
negative impact on their multi-dimensional inequalities index.

4.2.3. Replace the Model

The panel regression model was used in the previous part of benchmark regression. In
order to ensure the reliability of the results, the panel Probit model was used as a reference.
As shown in Model (3) in Table 6, one can see little difference between the panel Probit
regression results and the benchmark regression results.

4.2.4. Random Sampling

To ensure the representativeness and objectivity of the sample, this study adopted
a random sampling method to make the treatment variable independent of all confounding
factors, creating an environment without endogeneity. The causal conclusions are the most
reliable and intuitive. Therefore, sub-samples were automatically selected at a rate of 20%
per province. The results are shown in model (4) in Table 6, which shows that the digital
literacy of rural residents still has a significant negative impact on the multi-dimensional
inequalities index at the level of 1%.
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4.2.5. Dual Machine Learning

Dual machine learning (DML) is a statistical estimation method that enables consistent
estimation of causal effects even when there is endogeneity in the observed data [42]. When
there are complex and high-dimensional confounding factors, DML ingeniously combines
machine learning and uses “orthogonalization” to remove the influence of confounding
factors, thereby isolating the “pure” effect of X on Y. In order to effectively deal with
complex nonlinear relationships and high-dimensional features, and to reduce the bias
caused by model missetting in traditional methods, this paper solves the problem of
estimating causal effects in high-dimensional data by using DML method, the results of
which are shown in model (5) in Table 6.

4.3. Mechanism Test

The previous section has verified the significant alleviating effect of digital literacy
on the multi-dimensional inequality of rural residents. To further explore its influence
mechanism, while referring to the views and suggestions of Valkenburg, et al. on the
mediating effect [43], this paper focuses mainly on the impact of the core independent
variable on the mechanism variables. The mechanism variables selected are the level of
social capital and the degree of social harmony. The estimation results are shown in Table 7.

Table 7. Mechanism test results.

) Level of Social Capital Degree of Social Harmony
Variable R @ 3) @ 5) ©)
DLI 0.291 *** 1.611 *** 0.041 —0.579 ***  (0.390 *** 0.590 ***
(0.067) (0.014) (0.035) (0.089) (0.086) (0.123)
Constant —1.646 —0.892 ¥** 242D *** 9.338 *** 5.470 ***  —6.906 ***
(1.346) (0.175) (0.857) (1.965) (1.667) (2.224)
N 57,057 57,057 57,057 57,843 57,843 57,843
R? 0.571 0.903 0.550 0.472 0.572 0.772
Controls Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Pid FE Yes Yes Yes Yes Yes Yes

Note: (i) *** indicates significance at 1%; (ii) brackets indicate robust standard error.

For the measurement of social capital, this paper follows the approach of Yan, et al. [44]
and uses three indicators: the expenditure on social gifts and cash by the respondent’s
family (Gift), personal social status (Social), and the number of days in a week spent
obtaining political information through the internet (Political). Regarding the level of social
capital, as shown in mod els (1) and (2) of Table 7, digital literacy can significantly increase
the expenditure on social gifts and cash and the frequency of obtaining political information
through the internet at the 1% level. According to model (3) of Table 7, digital literacy has
a positive impact on personal social status. This indicates that rural residents can indeed
utilize social networks to broaden their social interaction channels, enrich their social
interaction methods, and more skillfully maintain their interpersonal relationships and
social status, thereby enhancing their own level of social capital. Other scholars’ research
has also confirmed that social capital has a significant positive effect on alleviating multi-
dimensional inequality among rural residents. For instance, personal social capital is more
often established on the basis of close kinship, geographical ties, and causal relationships
in China, and closer relationships are more likely to play a positive role in influencing
income [45]. Each dimension of social capital, including social network, social status and
social trust, has a significant negative impact on the vulnerability of rural households to
relative inequalities [46].
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Regarding the measurement of social harmony, this paper, based on the viewpoints
on social harmony [47,48], indicates that the gap between the rich and the poor in society
(GRP), the government’s integrity and communication in public governance (DTC), and
the overall satisfaction of individuals with their work (O]S) have significant impacts on the
perceived level of social harmony. Therefore, the degree of social harmony is represented
by the severity of the wealth gap, the degree of trust that respondents have in government
officials, and the overall satisfaction with work [49]. Regarding the degree of social harmony,
according to Model (4) in Table 7, digital literacy can significantly inhibit the widening of
the wealth gap at the 1% level. According to Models (5) and (6) in Table 7, digital literacy
can significantly promote trust in government officials and overall satisfaction with work.
This indicates that rural residents can indeed utilize the digital skills they have mastered
to break through information barriers; have a more comprehensive understanding of the
government, jobs and the overall development of society in their local areas; and enhance
the degree of social harmony. Other scholars’ research has also confirmed that social
harmony has a significant positive effect on alleviating multi-dimensional inequalities
among rural residents. For example, Yang, et al. revealed that strong social solidarity
facilitates the compatibility of property ownership, governance power, action capability,
creating the smooth implementation and anticipated performance of the alleviation of multi-
dimensional inequalities in rural communities [50]. A favorable atmosphere promotes the
participation of people, families and society in social economic security, social cohesion,
social inclusion and social empowerment, and plays an important role in shaping the
well-being of this population.

To sum up, digital literacy can help rural residents remove multi-dimensional inequal-
ity by improving the level of social capital and social harmony. That is, hypothesis 2 and
hypothesis 3 in this paper have been verified.

4.4. Heterogeneity Test

Among rural residents, which groups can benefit more from digital literacy to reduce
long-term multi-dimensional inequalities? In order to deepen our understanding of the
relationship between digital literacy and multi-dimensional inequality, the heterogeneity
analysis is carried out from three aspects: employment type, location and different digital
literacy levels.

4.4.1. Employment Heterogeneity

This paper divides rural laborers” employment into that engaged with agricultural
work and non-agricultural work for grouped regression analysis. The results are presented
in Model (1) and Model (2) of Table 8. Digital literacy has a significant inhibitory effect
on the multi-dimensional inequality of both types of rural laborers at the 1% significance
level. Among these, the regression coefficient of residents engaged in agricultural work is
greater than that of residents engaged in non-agricultural work. During the period from
2014 to 2020, the central government successively issued a series of guiding documents
such as “Building an Agricultural Process Informationalization and Mechanization Tech-
nology System Focusing on Agricultural Internet of Things and Precision Equipment” and
“Accelerating the Application of Modern Information Technologies Such as the Internet
of Things and Artificial Intelligence in the Agricultural Field”. These goals and tasks
jointly promoted the healthy and rapid development of China’s smart agriculture. It can be
seen that the digital skills and application foundation in the agricultural sector lag behind
those in non-agricultural industries, which constitutes a typical “low starting point, high
marginal returns” situation. For residents engaged in traditional agriculture, improving
digital literacy means crossing the long-standing information gap, directly connecting to
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the distant market, obtaining agricultural technologies, and optimizing production factors,
which can generate significant direct economic returns in key livelihood dimensions such
as production efficiency improvement and sales revenue increase [51]. Conducting remote
education and training to enhance skills and developing into “new rural residents” can
gain greater competitive advantages and economic benefits in the agricultural modern-
ization process. In contrast, non-agricultural practitioners have generally mastered basic
skills during the previous digitalization process, and the improvement of digital literacy in
this period is more focused on efficiency optimization or life convenience, with relatively
limited marginal economic improvement. The reason why the impact of digital literacy
improvement on agricultural practitioners was greater than that on non-agricultural practi-
tioners during the period from 2014 to 2020 lies in the initial endowment differences and
the heterogeneity of skill application scenarios, and the adoption and effective use of these
technologies largely depend on the digital literacy level of rural residents.

Table 8. Analysis results of employment heterogeneity and regional heterogeneity.

) Employment Heterogeneity Regional Heterogeneity
Variable A @) 3) @
DLI —1.000 *** —0.737 *** —0.788 *** —0.887 ***
(0.025) (0.020) (0.034) (0.015)
Constant 1.725 *** 1.559 *** 0.432 1.347 ***
(0.468) (0.518) (0.569) (0.312)
N 31,754 21,502 10,186 48,536
R? 0.587 0.682 0.661 0.639
Controls Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Pid FE Yes Yes Yes Yes

Note: (i) *** indicates significance at 1%; (ii) brackets indicate robust standard error.

4.4.2. Regional Heterogeneity

Considering the different development conditions, economic development status and
internet development level among provinces, regions and cities—such as the different de-
gree of influence of the “broadband China” policy, the difference in network infrastructure
and the difference in digital education level—the digital literacy level of the rural labor
force is affected by external interference, rather than being the result of a complete reliance
on independent selection. According to the “Operation of Internet and Related Service
Industries” released by the Ministry of Industry and Information Technology of China in
2020, the five provinces and cities with a high level of internet business development are
Guangdong, Beijing, Shanghai, Zhejiang and Jiangsu. The distribution map of regional
sample sizes for the 31 provinces (municipalities and autonomous regions) is shown in
Figure 3. These five provinces and cities and other provinces and cities were divided into
two groups for regression estimation, and the results are shown in Models (3) and (4) in
Table 8. It can be seen that digital literacy has an inhibitory effect on the multi-dimensional
inequality of rural residents in these two regions at the level of 1%. Among them, the
five provinces of Guangdong, Beijing, Shanghai, Zhejiang and Jiangsu have consistently
ranked at the forefront of China’s economic development. In provinces and cities with
a relatively low level of internet business development, the impact of digital literacy on the
reduction of multi-dimensional inequality is more significant. Obtaining more benefits from
digital literacy stems from the breakthrough effect of digital technology on its structural
constraints. The period from 2014 to 2020 was a critical period when mobile internet and
digital services penetrated into less developed areas. The improvement of digital literacy
enabled local residents to obtain educational resources, medical information, government
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services and access to the large national market at a lower cost, partially offsetting the
disadvantages caused by physical distance and the scarcity of traditional resources. This
functional substitution and compensation for traditional shortcomings is not as effective in
developed regions. Therefore, digital literacy provided a “springboard” for less developed
regions to leapfrog development, and the comprehensive welfare improvement it brought
had a higher marginal value. This is similar to the regression finding that digital literacy
has a stronger mitigating effect on residents who work in agriculture.
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Figure 3. Sample size regional distribution map.

4.4.3. Heterogeneity of Digital Literacy

All samples were classified into high, medium and low levels based on the compre-
hensive index of digital literacy by different years for regression analysis. The results are
shown in Table 9. It can be seen that the absolute values of the regression coefficients of the
high and low digital literacy groups are greater than those of the medium digital literacy
group. This might be because the high digital literacy group has mastered better computer
hardware and software resources and can more efficiently utilize digital technology to
obtain information, solve problems and create value; while the low digital literacy group,
under policy support, directly applies digital technology to production and life, signifi-
cantly enhancing productivity and income. This is similar to the regression results showing
that digital literacy has a stronger mitigating effect on residents engaged in agricultural
work and provinces and cities with lower levels of internet business development. To
sum up, the mitigation effect of digital literacy on the multi-dimensional inequality of
rural residents varies according to the employment status of rural households, the level of
internet development in their regions and the digital literacy level. That is, Hypothesis 4 in
this paper is verified.
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Table 9. Analysis results of the heterogeneity of the digital literacy level.

Digital Literacy Level Heterogeneity

Variable A @ 3)
—0.884 *** —0.806 *** —0.890 ***
DLI (0.030) (0.051) (0.043)
1.427 #** 1.282 —0.189
Constant (0.511) (0.869) (0.948)
N 12,004 9660 10,071
R? 0.740 0.658 0.671
Controls Yes Yes Yes
Year FE Yes Yes Yes
Pid FE Yes Yes Yes

Note: (i) *** indicates significance at 1%; (ii) brackets indicate robust standard error.

4.5. Further Discussions

To explore which digital literacy can more effectively alleviate the multi-dimensional
inequality among rural residents, further study was conducted on the mitigation effects
of different types of digital literacy. Under the condition of k = 0.33, five digital liter-
acy categories were investigated—digital general literacy, information processing literacy,
digital social literacy, digital entertainment literacy and digital work literacy—and the
results are shown in Table 10. These five digital literacy categories all have significant
inhibitory effects on multi-dimensional inequality in rural residents, which further con-
firms the significant negative effects of digital literacy on multi-dimensional inequality in
rural residents.

Table 10. Analysis results of the heterogeneity of digital literacy skills.

Multi-Dimensional Inequality Index

Variable

D (2 3 @ (5)
Digital universal —0.045 ***
literacy (0.002)
Information —0.247 ***
processing literacy (0.006)
Digital social —0.093 ***
literacy (0.002)
L
. (0.002)
literacy
*XH
Digital work literacy _(06908072)
Constant 1.167 *** 1.128 *** 1.090 *** 1.152 *** 1.014 ***
(0.292) (0.288) (0.287) (0.293) (0.301)
N 59,066 59,066 59,066 59,066 59,066
R? 0.617 0.622 0.640 0.640 0.622
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Pid FE Yes Yes Yes Yes Yes

Note: (i) *** indicates significance at 1%; (ii) brackets indicate robust standard error.

Among them, information processing literacy has the largest coefficient of influence
on the multi-dimensional inequality of rural residents. This conclusion is in line with the
evolution pattern of the digital divide theory. After digital infrastructure became balanced
and initially bridged the “access gap” from 2014 to 2020, the core contradiction of the digital
divide shifted from “physical access” to “skills and applications”. Once the differences in
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physical access were eliminated, information processing literacy would become the key
determinant influencing whether rural residents can transform technological opportunities
into actual benefits, thereby intensifying or alleviating multi-dimensional inequality [52].
Under conditions of equal technological opportunities, whether an individual can convert
access into actual benefits entirely depends on high-level literacy. This directly determines
who can effectively convert information into economic capital, bridge the “conceptual
gap”, avoid risks, and thus gain an advantage during the digital dividend distribution
period. Conversely, the applications of residents lacking information processing literacy,
even if they “access” the network, may remain at the level of entertainment and consump-
tion, unable to improve long-term well-being, and ultimately leading to the “capability
gap” replacing the “access gap” as the core mechanism exacerbating multi-dimensional
inequality. The second most influential is entertainment and social digital literacy. Online
entertainment and social activities not only enrich the spiritual and cultural life of rural
residents and enhance their subjective well-being but also serve as an important means of
fostering interpersonal relationships and accumulating social capital, which is conducive
to alleviating multi-dimensional inequality. The last category is work-related and gen-
eral digital literacy. The main reason for this may be that work-related digital literacy
is generally low, while general digital literacy is relatively high among rural residents.
The smaller difference between these two types of literacy means that their impact on
multi-dimensional inequality is relatively smaller when compared with the other three
types of digital literacy.

5. Conclusions and Implications
5.1. Conclusions

At present, the main problem China faces in promoting high-quality development
is the imbalance and inadequacy in development, and the imbalance and inadequacy
are particularly prominent in rural areas. Therefore, focusing on the multi-dimensional
inequality status of rural residents, and based on the CFPS panel data from 2014 to 2020,
a multi-dimensional inequality index and a digital literacy index were constructed for
measurement, series tests, and empirical analysis, which were conducted to examine
the impact, mechanism and heterogeneity of rural residents” digital literacy on multi-
dimensional inequality. Three conclusions were drawn. (1) This study uses multiple linear
regression estimation and adopts a high-dimensional fixed effect model, including time
fixed effect and individual fixed effect. A total of 59,066 sample data are retained under this
model. In addition, three robustness testing methods were adopted, all of which confirmed
that digital literacy can significantly alleviate the multi-dimensional inequality of rural
residents at the level of 1%, which confirmed the findings of some existing literature. Digital
literacy facilitates the production and life of rural residents in the digital age, thus helping
to alleviate the multi-dimensional inequality of rural residents. (2) Based on the theories of
social capital, social identity, and economic behavior, this study adopts a “two-step method”
for mechanism verification, confirming that digital literacy can significantly enhance the
level of social capital and the degree of social harmony. Social harmony is a fundamental
condition for production development, and social capital, as the core component of family
livelihood capital [53], can significantly improve the social capital level and social harmony
of rural residents, thereby effectively alleviating their multi-dimensional inequalities in
economic, social, and information acquisition. This aligns with the inclusive growth concept
proposed by the Asian Development Bank in 2007. Digital literacy directly corresponds to
the three pillars of inclusive growth, not only narrowing the “digital divide” at the technical
and tool level, but also promoting “inclusive development” at the social relationship and
opportunity structure levels. By empowering individuals, activating social capital, and
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enhancing social cohesion, it provides a practical and feasible path for systematically
alleviating the multi-dimensional inequalities of rural residents and implementing the
international concept of inclusive growth. (3) Heterogeneity testing and further studies
indicate that digital literacy has a significant easing effect on multi-dimensional inequality
of different rural resident groups at the level of 1%. Specifically, the improvement of
digital literacy has a greater impact on agricultural workers than non-agricultural workers,
which may be because agricultural workers have greater potential space to access digital
applications in the same period. The impact of digital literacy on the multi-dimensional
inequality of rural residents in areas with low internet level is stronger. When the basic
conditions of China’s digital network are relatively equal from 2014 to 2020, information
processing literacy has the greatest impact on rural residents” multi-dimensional inequality.

5.2. Implications

Advocate “Digital Inclusion”. Internationally, one must advocate for digital inclusion
as a core issue on the global development agenda and support knowledge sharing and
project cooperation. One should support cooperation with UNESCO to introduce and
localize educational frameworks that align with information literacy and media. Domesti-
cally, one should strengthen the construction of “Digital Villages”. New infrastructure is
an important component of the modern infrastructure system and an important foundation
for promoting the digital transformation, intelligent upgrading, and integrated develop-
ment of the entire society [54]. This study finds that, in provinces and cities with lower
levels of internet business development, digital literacy has a stronger mitigating effect on
the multi-dimensional inequality of rural residents. From a macro perspective, government
policies should be tilted towards remote rural areas with weak digital information infras-
tructure, increase investment in new infrastructure construction, and fully utilize digital
technology to enhance the equalization of basic public services such as employment, medi-
cal care, and social security, and build a higher-level and more inclusive rural information
service facility system.

Cultivating and self-improving “new rural residents”. The construction of digital vil-
lages requires further cultivation of compound “new rural residents”. Research shows that
information processing literacy is the core variable that determines whether individuals
can transform equal technological opportunities into multi-dimensional unequal develop-
ment results. Enhancing the digital literacy of rural residents, especially their high-level
information processing, critical thinking and innovation capabilities, is the key to bridging
multi-dimensional inequalities in the digital age. The World Economic Forum indicates
that, by 2026, 30% of routine jobs will be automated and replaced by generative artificial
intelligence, and by 2027, nearly 60% of workers will need to undergo skills retraining. The
EU’s 2030 Digital Strategy aims to ensure that at least 80% of adults possess basic digital
skills by 2030 [55]. It aims to significantly enhance the digital literacy of workers, actively
guiding rural residents to explore more new employment opportunities through infor-
mation processing and digital tools. This is not only an important demand for industrial
development but also an inevitable choice for the overall development of humanity.

Deepen the empowerment of agricultural practitioners. One must build an integrated
ecosystem of industry—university-research cooperation, integrate training into the pro-
duction processes of smart agricultural parks and cooperatives, and enable villagers and
residents to “learn by doing”. One must guide social capital to invest in agricultural sci-
entific and technological innovation, focusing on key agricultural technologies such as
biotechnology breeding, intelligent agricultural machinery equipment, and digital agricul-
ture. One must deepen the integration of e-commerce and local characteristic agricultural
products, striving to achieve “internet + agriculture” to go beyond the countryside and
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enter the cities, to open up agricultural product sales channels, and make rural residents
the biggest beneficiaries of direct agricultural product supply. One must strengthen the
collaborative linkage of production and operation among counties, promote cross-county
economic cooperation and exchanges, integrate agricultural and tourism resources through
internet data information, and expand the employment and income increase channels for
rural residents.

Enhancing the usability of digital products and personalizing digital services. Cur-
rently, the underdeveloped regions around the world are facing the dual pressures of
population aging and labor shortage. It is necessary to recognize and prevent the poten-
tial “digital benefit gap”, providing resources to low digital literacy groups, the elderly,
and low-income individuals, and establishing monitoring mechanisms to assess whether
the intervention measures benefit the most-needy groups. By developing lightweight or
elderly-friendly applications, adding convenient and intelligent operation guides, and
enhancing the ability of rural residents to use digital products to solve practical problems,
the learning convenience and operational ease of the products can be effectively enhanced.
At the same time, by actively applying new technologies, such as artificial intelligence,
machine learning, and big data, to an array of purposes that include meeting the material
needs of the elderly and delving into people’s emotional and spiritual aspects—and with
a particular focusing on the emotional experience, social belonging, and self-actualization
needs of elderly users—continuous optimization of digital service quality can be achieved.
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