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Introduction: Agricultural scale operation serves as a crucial avenue for
advancing the construction of agricultural modernization and fostering the
development of a formidable agricultural nation. It is important to note that
agricultural scale operation underscores not only the expansion of land acreage
but also the contiguous and integrated management of land parcels.

Methods: This study utilizes data from the 2020 Chinese Academy of Social
Sciences rural revitalization research to assess farmers’ digital literacy levels
through factor analysis and principal component analysis. After elucidating the
underlying logic of how digital literacy influences the scale of agricultural land
operations, we employ linear regression models, mediated moderation models,
and other statistical tools to delve into the specific impacts of farmers’ digital
literacy on their farmland scaling behaviors.

Results: The findings reveal that: (1) Digital literacy exerts a positive e�ect
on the scale of farmland management undertaken by farmers. Specifically, for
every unit increase in farmers’ digital literacy, there is an average corresponding
increase of 0.811 units in the overall scale of farmland management, 0.454 units
in plot size, and 0.633 units in land concentration, respectively. (2) Mechanism
testing reveals that an enhancement in farmers’ digital literacy facilitates farmland
transfers, thereby promoting large-scale farmland operations. Additionally,
farmers’ land dependence amplifies the positive e�ect of digital literacy
on such operations. (3) Sub-dimension analysis yields further insights: In
the realm of digital access, improved digital media literacy encourages
farmers to consolidate their land holdings, expand production scales, harness
economies of scale, and ultimately boost agricultural production e�ciency.
Within the digital application dimension, heightened levels of digital business
literacy and digital information literacy among farmers spur the expansion
of their land operation scales and increase land concentration. Conversely,
elevated digital social literacy and digital problem-solving literacy primarily
drive the expansion of land operation scales but exert minimal influence
on land concentration. (4) Heterogeneity analysis uncovers variations in the
impact of farmers’ digital literacy on farmland scale operation behavior
across di�erent human capital levels, age groups, and urban-rural contexts.
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Discussion: Consequently, to foster farmland scale operations, it is imperative
to: Promote the development of rural digital infrastructure to enhance farmers’
digital accessibility. Strengthen the factor market system to facilitate e�cient
circulation of various factors. Increase support for farmer benefits and assistance
programs to bolster their risk resilience. Intensify skills training for farmers to
activate their intrinsic motivations as primary actors in this process.

KEYWORDS

digital literacy, farmland scale management, land transfer, land dependence, land

1 Introduction

Moderate-scale agricultural operations predominantly

entail the scaling of land management, which encompasses

the aggregation of land resources amidst the ongoing rural–

to–urban labor migration, capital constraints in agriculture,

and suboptimal technological advancements. This approach

underscores horizontal specialization and the division of

agricultural production labor within a given region, exemplified

by the contiguous and concentrated planting of crops in

designated areas. The global landscape of large–scale farm

development is heterogeneous, owing to the disparate resource

endowments, economic circumstances, and socio–cultural contexts

of individual countries. As a prominent global agricultural leader,

the United States exemplifies large–scale farm development

through a high level of specialization and mechanization,

facilitated by its extensive arable land resources, cutting–edge

agricultural science and technology, and robust policy framework

(Sumner, 2014; Key, 2019). In Asia, South Korea and Japan have

adopted distinct strategies for agricultural scale management.

South Korea facilitates extensive agricultural land management

by means of policy legislation, resulting in a scenario where

private management and leasehold management coexist (Kim and

Kamiya, 1992). Conversely, Japan has maintained small–scale land

management while achieving a high degree of modernization,

including mechanization, informatization, and branding, through

policy guidance and industrial adjustment (Kawagoe, 1999).

The Association of Southeast Asian Nations (ASEAN) fosters

the growth of comprehensive agricultural enterprises and the

development of local production by augmenting investments in

agricultural science and technology (ASEAN Secretariat, 2015;

Rigg et al., 2016).

In contrast, China’s agricultural landscape is characterized

by a large number of small farmers. The core of China’s land

system revolves around the protection of arable land, food

security, and farmers’ livelihoods (Gao, 2019). Consequently, the

Chinese government has actively explored the development of

appropriately scaled agriculture, bridging the gap between small

farmers and modern agriculture. The annual “Central Document

No. 1” has consistently emphasized the importance of moderate–

scale agricultural operations, addressing the question of “who

will farm the land,” and affirming that agricultural modernization

should uphold the foundational role of small farmers, prioritize

the cultivation of new agricultural management entities, and

strengthen the socialized service system.

However, given China’s unique agricultural circumstances, the

pursuit of large–scale agricultural land management encounters

numerous constraints. Firstly, institutional factors play a pivotal

role. While land system reforms at the national level have partially

clarified agricultural land property rights, policy shifts or land

adjustments often result in agricultural operations being built

on an “unstable foundation,” leading to sustainability challenges

(Tang et al., 2022). Secondly, resource endowment poses significant

hurdles. Achieving high efficiency in agricultural production

necessitates the optimal integration of land, labor, capital, and

technology. Nonetheless, farmers as individual producers and

managers confront escalating land rents (Liu and Kong, 2017),

heightened financing costs, depressed food prices, reduced labor

productivity (Du and Xiao, 2019), and an inadequate rural credit

system. Furthermore, the agricultural labor force is increasingly

characterized by aging, feminization, and diminished capacity,

which contributes to low literacy levels among farm households,

limited knowledge acquisition and skill enhancement, and delayed

access to information (Xie, 2002). Thirdly, social factors complicate

the decision–making process for farmers considering large–scale

agricultural land management. These include a deep–seated “love

for the land” complex, significant land dependence, limited

awareness of agricultural land transfer options, uncertainties

related to natural, and market risks (Wu et al., 2021), constraints in

terms of agricultural timing, machinery, and technology (Xu, 2023),

as well as livelihood strategy choices and income expectations (Shi

et al., 2019).

The majority of research has centered on examining the

relationship between farm size and land productivity, with a

contingent of scholars subscribing to the theory of “inverse

productivity” (Sen, 1962; Vollrath, 2007; Deininger et al.,

2018; Julien et al., 2019). They attribute this phenomenon to

various factors, including disparities in land quality (Lamb,

2003), measurement inaccuracies (Carletto et al., 2013), market

inefficiencies (Barrett et al., 2010), inadequate risk management

strategies (Sheng et al., 2015), and the misallocation of factorial

resources (Adamopoulos et al., 2022), among others. Conversely,

another cohort of researchers posits that the acceleration

of urbanization and industrialization, coupled with rapid

advancements in agricultural technology, machinery, and

equipment, as well as the proliferation of non–farm employment

opportunities, has led to the continuous migration of surplus

agricultural labor to non–farm sectors. Consequently, the initial

productivity advantage of small farms diminishes over time,

revealing a “U–shaped relationship” (Rada and Fuglie, 2019; Sheng
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et al., 2019) or even a “positive relationship” (Wang et al., 2015;

Key, 2019) between farm size and land productivity, ultimately

culminating in the realization of economies of scale. These scholars

primarily justify their stance through the lenses of mechanization

and hired labor utilization. Furthermore, the existing literature

predominantly employs land scale, specifically the area of

land operated, as a metric for assessing agricultural operation

scale (Liu and Zeng, 2004; Wang et al., 2012). This approach,

however, overlooks the significant issue of land fragmentation

prevalent in developing countries. It is crucial to recognize that

an increase in operational scale does not necessarily equate

to an enlargement of plot size and fails to provide a scientific

explanation for the agricultural scale operations characterized

by land concentration, contiguity, and specialization (Lv et al.,

2024). In the context of China’s current pursuit of high–quality

agricultural development, disregarding the size of individual

farmers’ plots while solely focusing on the scale of operations, or

conversely, neglecting the operational scale while only examining

plot size, can lead to cognitive biases in understanding the scale

of agricultural land management (Xu et al., 2024). Therefore, it is

imperative to integrate both dimensions within the same research

framework. Additionally, numerous scholars, both domestically

and internationally, have delved into the practical pathways

and implementation effects of agricultural scale operations

(Yang et al., 2024), highlighting their potential to enhance

food production, increase farmers’ incomes, promote green

agricultural development, and reduce carbon emissions. These

contributions are undeniably pivotal for advancing agricultural

and rural modernization, implementing the big food concept,

and safeguarding the environment. Nonetheless, there remains a

notable dearth of analysis exploring the deeper underlying factors

influencing the scale of agricultural operations.

Simultaneously, amidst the swift progression of the information

technology revolution, digital components have permeated every

facet of societal life. Notably, digital technology is increasingly

integrating into agricultural production and rural governance,

endowing large–scale agricultural operations with a novel digital

dimension, and the trend toward digitization in China’s agricultural

and rural sectors has become increasingly pronounced (Yang

et al., 2024). According to the 52nd Statistical Report on Internet

Development in China, by June 2023, administrative villages in

rural areas had achieved “village broadband” connectivity, with an

Internet penetration rate of 60.5%. The rural Internet user base has

swelled to 300 million, and the 4G network infrastructure boasts

a coverage rate as high as 98%1 Although the digital access divide

is gradually diminishing, the digital literacy of rural households

lags significantly behind the pace of digital economic advancement.

In this new phase of development, the primary contradiction in

the rural digital divide has shifted from the “digital first divide”—

the disparity in digital access—to the “digital second divide”—

the disparity in digital application (Wang, 2024). Digital elements

diverge from traditional ones in that farmers must possess a certain

level of digital literacy to effectively utilize digital technology in

agricultural production decision–making, thereby harnessing its

1 People’s Daily. ‘Over 98% of administrative villages nationwide have

access to fiber optics’. [2019-08-02]. https://www.gov.cn/xinwen/2019-08/

02/content_5418058.htm.

crucial role in enhancing agricultural productivity and efficiency

(He et al., 2024).

Consequently, within the context of digital economic

development, an inquiry arises: is there an inherent connection

between farmers’ digital literacy and the scale of agricultural

land operations? Can elevating farmers’ digital literacy levels

transcend the current constraints impeding large–scale farmland

management? What underlying mechanisms are at play?

Investigating these questions holds multifaceted practical

significance for activating the endogenous drivers of large–

scale farmland management, disrupting ingrained agricultural

development paradigms, and propelling the modernization of

China’s agriculture and rural areas. Furthermore, such research

may offer valuable insights for other countries and regions

grappling with limited arable land and severe land fragmentation.

This study centers on examining the influence of farmers’ digital

literacy on the extent of farmland management and its underlying

mechanisms, while accounting for the mediating roles of land

transfer and land dependence. Utilizing data from the 2020 China

Rural Revitalization Survey (CRRS) conducted by the Institute of

Rural Development at the Chinese Academy of Social Sciences, we

undertake a micro–level validation.

2 Theoretical framework and research
hypotheses

2.1 The internal logic of digital literacy as it
a�ects the farmland scale operations

Martin and Grudziecki (2006) proposed a comprehensive

modeling framework to elucidate the evolution of the digital

competence hierarchy. This framework is structured into three

distinct levels: digital Competence, which encompasses a range

of skills, knowledge, attitudes, and awareness pertaining to digital

technologies; digital usage, contingent upon an individual’s level of

digital competence or digital literacy; digital transformation, which

involves knowledge creation and technological innovation. Within

this framework, digital literacy serves as an indispensable bridge.

As an emergent form of human capital, digital literacy possesses

unique value that transcends traditional metrics of labor quality. It

not only bridges the gaps between basic and advanced digital access

and technology application, commonly referred to as the “primary”

and “secondary” digital divides, but also possesses the capability to

transcend geographic and temporal constraints. Even in the context

of a relatively modest educational background, workers can more

swiftly, accurately, and efficiently grasp crucial information related

to agricultural production and management. This, in turn, enables

them to seize opportunities in the digital era and facilitate the

modernization and efficiency of agricultural production (Liu and

Zhou, 2023; Wang, 2024; Ruan and Luo, 2024).

Firstly, digital literacy serves as a catalyst for farmers’

knowledge acquisition and learning. By enhancing their digital

competencies, farmers can independently explore new agricultural

skills and knowledge through modern technological platforms.

This process not only enriches their personal knowledge base

but also facilitates the accumulation and appreciation of human

capital, thereby amplifying the positive externalities associated with

knowledge learning. The acquisition of digital literacy enables
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small–scale farmers to swiftly adopt and utilize digital devices,

mastering digital skills rapidly and gaining a competitive edge in

agricultural production. This first–mover advantage manifests as

a “skill premium,” where digitally proficient farmers outperform

their traditional counterparts (Liu and Wen, 2024). Such farmers,

equipped with high levels of knowledge and skills, are better

positioned to access agricultural insurance, subsidies, socialized

services, and technologies, applying them effectively to mitigate

information asymmetry in agricultural production and enhance the

market competitiveness of their products (Courtois, 2015).

Secondly, digital literacy significantly enhances farmers’

information acquisition capabilities. The Internet transcends

spatial and temporal constraints, broadening the avenues for

farmers to acquire new knowledge and lowering the barriers to

information access. Farmers with adequate digital literacy can

adeptly navigate social platforms like Jitterbug, Shutterbug,

Weibo, and WeChat to precisely search for information

pertinent to agricultural production, non–farm employment,

and entrepreneurial ventures, fostering self–service (Hua and Pan,

2024). Improved digital literacy also augments farmers’ ability to

capture financial capital information, encouraging the widespread

use of digital financial tools. It expands their access to diversified

financial information channels while reducing the costs associated

with searching for agricultural business information, information

acquisition, and credit fund transactions, ultimately enhancing

resource allocation efficiency. This, in turn, alleviates the credit

constraints farmers face when scaling up production, lowers

financing difficulties and costs, and stimulates their enthusiasm

for agricultural production and management (Wen and Liu,

2023). Consequently, this positive feedback loop inclines farmers

toward expanding the scale of their agricultural land management,

promoting intensification, and large–scale production practices.

Thirdly, digital literacy expands the social networks of farm

households. In traditional rural societies, social networks rooted

in blood, kinship, and geography deeply influence farmers’

production and management decisions. However, enhanced digital

literacy empowers farmers to transcend these inherent network

limitations, utilizing digital tools and platforms to reconfigure their

social network relationships and broaden the scope of resource

sharing. This, in turn, fosters innovation and upgrading in their

production and management decisions (Du et al., 2024). Farmers

with higher digital literacy levels can strategically leverage social

network resources, extending their production and transaction

reach, bolstering persuasive social support for their farmland

scale management practices, and gaining timely access to policy

trends, production services, and sales information throughout the

agricultural production cycle. This enhances the overall efficiency

of agricultural production (Ruan and Luo, 2024).

Furthermore, enhancing farmers’ digital cognition in the

refinement of agricultural business practices fosters their capacity

for in–depth market information analysis and efficient utilization.

This transformation has facilitated a more precise comprehension

of the economic and social ramifications of land fragmentation,

which not only amplifies cost burdens but also hinders the intensive

utilization and optimal configuration of land resources (Liang,

2022). Consequently, farmers have increasingly recognized the

significance of land consolidation strategies, such as “small field

to large field” consolidation and “one family, one field” policies,

as effective means to promote large–scale land management and

mitigate the supplementary costs associated with fragmentation.

The centralization of land parcels not only enables farmers

to implement mechanized operations more seamlessly, thereby

enhancing agricultural production efficiency, but also stimulates

the widespread adoption of socialized services. This, in turn,

reduces production costs per unit area, elevates food yield and

quality, and subsequently bolsters farmers’ resilience to market

risks, ensuring the stability, and sustainability of agricultural

production. Hence, by improving farmers’ digital literacy, they

are more inclined to adopt scientifically sound and rational land

adjustment methods, thereby diminishing land fragmentation and

fostering increases in grain yield and steady growth in farmers’

incomes (Zhang et al., 2023). Building on this foundation, the

present study posits the following hypotheses:

H1: the higher the level of digital literacy, the higher the

likelihood that a farmer’s farmland will be operated on a

large scale.

H1a: the higher the level of digital literacy, the greater the

likelihood that farmers will expand their farmland operations.

H1b: the higher the level of digital literacy, the greater

the likelihood that farmers will expand the size of their

farmland plots.

H1c: higher levels of digital literacy are associated with larger

average plot sizes for farm households and contribute to

improved land fragmentation.

2.2 Analysis of the intermediary impacts of
land transfer

Digital literacy enables farmers to expand the scale of

agricultural land management, increase land plot sizes, and

ameliorate the issue of contracted land fragmentation, primarily

through their land transfer activities. Initially, farmers with high

digital literacy can swiftly access agricultural policy information

via government websites, precisely identifying optimal times

for land transfer. Additionally, they can efficiently utilize the

Internet, smartphones, and other digital tools to gather pertinent

land transfer details, such as transfer prices, methods, and

durations, therebymitigating information asymmetry and reducing

information search and negotiation costs. This results in a more

streamlined and effective land transfer process, enhancing its

efficiency and success rate (Zhang and Zhang, 2020). Secondly,

upon recognizing the benefits of large–scale operations, farmers

with strong digital literacy can more accurately assess the risks

and rewards associated with land transfer, leading to more

rational decision–making. This decision–support role increases

farmers’ willingness to engage in land transfer, prompting them

to seek the consolidation of scattered land or lease their land

to contractors with the desire and capacity for large–scale

operations, thus facilitating efficient land resource utilization

and promoting the development of large–scale agricultural land

management (Qin et al., 2022). Lastly, as some farmers seek

to transfer their land due to non–agricultural employment

opportunities, while others, such as large–scale farmers or new

management entities, urgently require land expansion, digital

platforms serve as a crucial “connector,” paving the way for
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the rapid development of specialized and large–scale agricultural

operations (Zhang, 2022). Based on these insights, this study

proposes the following hypothesis:

H2: land transfer plays a mediating role in the process of digital

literacy influencing farmers’ farmland scale operations.

2.3 Analysis of the moderating e�ects of
land dependence

Land dependence, rooted in land tenure, land economy, and

survival value, encapsulates the profound attachment farmers

hold toward the land for both survival security and emotional

sustenance. This attachment embodies farmers’ intense recognition

and emotional resonance with the functional value of the land,

highlighting the inseparable bond between “people” and “land”

(Williams et al., 1992). Given that smallholder farmers constitute

the foundational nationality and agricultural landscape of China,

land remains the primary means of subsistence for myriad

small–scale farmers. Land dependence, distinct from the “land

attachment” observed in Western nations (Pu and Zheng, 2016),

signifies that these farmers predominantly rely on land for

their livelihoods and existence. Land serves multifaceted roles

for farmers, including production, employment opportunities,

economic income, and old–age security (Li et al., 2009). Farmers

with strong land dependence exhibit heightened attention to

agricultural production–related information, land productivity,

and long–term utilization value. They are more inclined to

enhance agricultural production efficiency through scientific and

technological advancements and cherish land resources, making

them reluctant to abandon agricultural production easily. This

attachment increases the likelihood of land transfer (Zhang and Li,

2022). Furthermore, the enhancement of digital literacy, coupled

with land dependence, prompts farmers to actively learn and

apply new agricultural technologies, embrace advanced production

techniques and management modes, and better navigate the risks

and challenges posed by agricultural natural disasters, market

fluctuations, and technological advancements. This, in turn,

expands the scale of agricultural land operations and improves land

utilization and output rates (Wu and Wang, 2023).

Land income dependence refers to the extent to which farmers

rely on land to obtain economic income. Farmers with higher

levels of land income dependence have greater incentives to invest

in new agricultural technologies and equipment and are more

inclined to increase their land holdings to augment their economic

income (Zhang, 2020). Elevated digital literacy equips them to

utilize modern agricultural technology to optimize production

and expand land size. Land employment dependence pertains

to farmers’ reliance on land as an employment avenue. Farmers

with higher levels of land employment dependence have greater

expectations for agricultural production stability and are more

willing to invest time and energy in the agricultural sector (Liu

and Zhang, 2022). Improved digital literacy enables effective

land resource management, reduces labor wastage, and enhances

agricultural production efficiency, thereby stabilizing and elevating

the level of land employment. Land security dependence reflects

farmers’ reliance on land as a fundamental livelihood security.

Farmers with higher levels of land security dependence exhibit

confidence in their agricultural production and lives, enabling them

to mitigate the risks associated with adopting new agricultural

technologies. They are more likely to transfer land before the

land’s security function is adequately replaced and are increasingly

inclined to transfer land to new management entities when they

perceive alternative social security functions beyond land, thereby

promoting agricultural scale operations (Xue et al., 2019; Bao

et al., 2021). Based on this foundation, the following hypothesis is

proposed in this study:

H3: land dependence can reinforce the role of digital literacy in

facilitating farmers’ farmland scale operations.

H3a: land income dependence can reinforce the role of digital

literacy in facilitating the scale of farmland management

by farmers.

H3b: land employment dependence can reinforce the role of

digital literacy in facilitating farmers’ farmland scale operations.

H3c: land security dependence can reinforce the role of digital

literacy in facilitating farmers’ farmland scale operations.

Based on the above analysis, this study tries to explore the

influence of digital literacy on farmers’ farmland scale operation

in the context of new quality productivity, tries to analyze the

influence path of farmers’ land transfer and land dependence, and

constructs the mechanism framework model as shown in Figure 1.

3 Research design

3.1 Data sources

The data utilized in this study were sourced from the 2020

“China Rural Revitalization Survey (CRRS),” conducted by the

Institute of Rural Development at the Chinese Academy of Social

Sciences. In that year, the CRRS team adhered to the principle of

random sampling to complete the initial round of surveys across 10

provinces, encompassing 300 administrative villages and over 3,800

households. The survey encompassed a diverse array of modules,

including agricultural production, land management, the digital

economy, rural governance, and residents’ wellbeing.

The specific data processingmethodology is outlined as follows:

(1) Horizontal merging of sample data: given that the questionnaire

encompassed information pertaining to both farming households

and villages, a horizontal merger of the two questionnaires

was undertaken to facilitate subsequent variable selection. (2)

Addressing sample outliers, missing values, and extreme values:

for outliers within the sample, the study employed a method to

impute missing values. Missing values were addressed through

non–parametric estimation techniques. As for extreme values, a

1% bilateral winsorization treatment was applied to the relevant

variables. Ultimately, a final sample size of 3,157 was retained

for analysis.

3.2 Construction of a digital literacy
indicator system

Building upon the research conducted by Gilster (1997)

and Martin and Grudziecki (2006), and considering the distinct

features of the first– and second–level “digital divides,” we propose
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FIGURE 1

Theoretical framework of digital literacy a�ecting farmers’ farmland scale operations.

to delineate farmers’ digital literacy through the dimensions of

digital access and digital application. This framework comprises

five second–level indicators and 17 third–level indicators. Digital

access primarily captures the disparities among farmers in terms

of the “digital divide,” encompassing digital media literacy,

with a total of three indicators. Meanwhile, digital application

reflects the nuances of the “digital secondary divide” among

farmers, which includes digital social literacy, digital business

literacy, digital information literacy, and digital problem–

solving literacy, totaling 14 indicators. In this study, factor

analysis is employed to streamline the dimensions of digital

access and digital application. The methodology is as follows:

initially, the sample data for the selected indicators undergo

the Kaiser–Meyer–Olkin (KMO) test and Bartlett’s test. The

results indicate a KMO value of 0.805, exceeding the threshold

of 0.6, and a P–value of 0.000, which decisively rejects the

null hypothesis. These findings suggest a strong correlation

among the dimensions and validate the results of the factor

analysis. Subsequently, factor analysis is conducted to ascertain

the level of farmers’ digital literacy. Based on a characteristic

root value >1, five common factors are extracted, with a

cumulative variance contribution rate of 60%. Additionally,

the covariance coefficient for each index is <0.6, confirming

the validity of the selected indicators. This indicates that the

level of farmers’ digital literacy effectively captures both digital

access and digital application. Lastly, the farmers’ digital literacy

levels are standardized to mitigate the impact of negative

factor scores. The detailed indicator system is presented in

Table 1 below.

3.3 Selection of variables and descriptive
statistics

3.3.1 Explained variables
In this study, the explanatory variables pertain to farmland

scale management, drawing on the research conducted by

Xu et al. (2024) and Zhang and Wan (2023), among other

scholars. To quantify the extent of farmland scale management

practiced by farmers, we have selected three indicators: “scale

of operation,” “plot size,” and “land concentration.” Specifically,

“land concentration” is employed to reflect the level of large–

scale farmland management by farm households. The “scale of

operation” is measured by the “total area of farm household

business,” which captures the amount of land held by each farm

household. For “plot size,” we use the variable “maximum area

of land held by farm households.” To assess “land concentration,”

we employ the variable “ratio of total area operated by the

farmer to the number of plots held by the farmer,” providing a

measure of the farmer’s land fragmentation. This approach ensures

a comprehensive and nuanced understanding of farmland scale

management in our analysis.

3.3.2 Core explanatory variables
The core explanatory variables in this study are rooted in the

aforementioned digital literacy index system specifically developed

for farmers. We employ factor analysis and principal component

analysis as methodological tools to quantify and assess the digital

literacy levels of farmers.
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TABLE 1 Construction of digital literacy indicator system for farmers.

Level 1 indicators Secondary indicators Tertiary indicators

Digital access Digital media literacy (A) Do you have internet access in your home (A1)

Do you have a 4G/5G cell phone in your home (part) (A2)

Do you use a 4G/5G cell phone (A3)

Digital application Digital information literacy (B) How timely is access to the information you focus on (B1)

Do you think that the information you get through the Internet can satisfy your daily needs such as

production and living (B2)

If there is a daily need, can you yourself readily access the relevant information via cell phone or

internet (B3)

Would you prefer that the Village Board communicate important information through online means

(B4)

Digital social literacy (C) Do you use a cell phone or the internet for social chatting (C1)

Have you ever communicated with the village on important public affairs through WeChat (C2)

Do you use your cell phone or the internet for recreational socializing (C3)

Would you like to follow recreational games via cell phone or internet (C4)

Digital business literacy (D) Does your household carry products traded over the internet (D1)

Are you willing to sell your products online (D2)

Do you want to realize employment and entrepreneurship through cell phone or internet (D3)

Digital problem solving literacy (E) Do you have difficulty using the features of 4G/5G cell phones (E1)

Whether you do your news browsing via cell phone or internet (E2)

Do you wish to study online via cell phone or internet (E3)

3.3.3 Mediating variables
Based on the preceding theoretical analysis, this paper identifies

land transfer as the mediating variable. Given the study’s emphasis

on examining the impact of digital literacy on the scale of

agricultural land operations, the focus of the land transfer analysis

is specifically on the transfer of agricultural land. To operationalize

this concept, we utilize the sample’s “farmers’ transferred land area.”

Specifically, if a farmer’s transferred land area is >0, it indicates

that the farmer has transferred land, and we assign a value of “1”;

otherwise, the value is “0.”

3.3.4 Moderating variable
The regulating variable in this study is land dependence,

as informed by the research of Liu and Zhang (2022). To

characterize the extent of farm households’ land dependence, we

have selected three dimensions: land income dependence, land

employment dependence, and land security dependence. Land

income dependence pertains to the proportion of agricultural

business income within the total income of farm households,

highlighting the income–generating function of land. Land

employment dependence is examined through the lens of

occupational differentiation among farm households; specifically,

a farm household classified as a full–time farmer exhibits

the highest level of land employment dependence, driven by

scale efficiency to expand their farmland holdings. Lastly, land

security dependence is assessed based on farmers’ participation in

insurance, where such participation diminishes their reliance on

land as a security function.

3.3.5 Control variables
Building upon the established literature (Wang, 2024; He et al.,

2024; Hua and Pan, 2024), this paper identifies three categories

of control variables: the personal characteristics of the household

head (including gender, age, education, and health status), the

characteristics of the farm household (such as family farms,

cooperatives, and agricultural insurance), and the characteristics of

the village (encompassing village location, topography, educational

qualifications of the village secretary, village arable land area, arable

land transfer rents, property rights system reforms, the presence

of e–commerce households, and natural disaster situations).

Additionally, with reference to Yang and Zhang (2024) study, we

calculate the average digital literacy level within the township of

each farmer’s residence and exclude this from our analysis. This

average digital literacy level is employed as an instrumental variable

to investigate potential endogeneity issues in the predefined model

presented in this paper. Detailed variable selection, definitions, and

descriptive statistics are presented in Table 2.

3.4 Econometric modeling

3.4.1 Standardized regression model
In order to verify the effect of digital literacy on the scale

operation of agricultural land, this paper constructs the benchmark

regression model as follows:

Landscalei = β0 + β1Digitali + γControl+ εi (1)
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TABLE 2 Variable descriptions.

Variable
category

Variable
name

Variable definition Average
value

(statistics)
Standard Deviation

Explanatory variable Scale of operations Total farm household business area (acres) 1.954 1.489

Plot size Maximum parcel size (acres), logarithmic to the result, continuous

variable

1.042 1.224

Land concentration Total operating area/number of parcels, logarithmic to the result,

continuous variable

0.470 1.199

Core explanatory

variables

Level of digital

literacy

Calculated by factor analysis method as a continuous variable 0.466 0.182

Digital media

literacy

Calculated by factor analysis method as a continuous variable 0.879 0.29

Digital information

literacy

Calculated by factor analysis method as a continuous variable 0.647 0.233

Digital social

literacy

Calculated by factor analysis method as a continuous variable 0.388 0.296

Digital business

literacy

Calculated by factor analysis method as a continuous variable 0.130 0.259

Digital problem

solving literacy

Calculated by factor analysis method as a continuous variable 0.557 0.323

Intermediary variable Land transfer Farmers’ land transfers: 0= not transferred; 1= transferred 0.242 0.429

Moderator variable Land revenue

dependence

Share of farm business income of farm households: farm business

income/total annual income, logarithmic to the outcome, continuous

variable

0.765 4.376

Land employment

dependence

Employment status of head of household: 1= non–farm

employment, i.e., weakest land dependence; 2= part–time (farm and

non–farm), i.e., stronger land dependence; 3= full–time farming, i.e.,

strongest land dependence

2.252 0.844

Land security

dependence

Whether the farmer has pension insurance: 0= no; 1= yes 0.832 0.374

Number of rural households enrolled in urban and rural health

insurance, a continuous variable

3.840 1.817

Whether the farmer has commercial health insurance: 0= no; 1= yes 0.156 0.363

Instrumental variable Mean value of

digital literacy at

township level

The average value of digital literacy water in the farmer’s own

commune is excluded as a continuous variable

0.466 0.078

Control variable Distinguishing

between the sexes

Sex of farmer: 1=male; 2= female 1.068 0.251

(a person’s) Age Age of farmers: 1= 18–45 years; 2= 45–60 years; 3= 60 years and

above

2.293 0.696

Education

attainment

Educational attainment of farm households: 1= no schooling; 2=

elementary or junior high school; 3= high school, vocational high

school, technical school, or junior college; 4= junior college and

above

2.085 0.549

Health status Farmers’ physical health status: 1= poor; 2= fair; 3= good 2.409 0.733

Family farm Whether the farmer operates a family farm: 0= no; 1= yes 0.032 0.177

Cooperative Whether the farmer participates in a cooperative: 0= no; 1= yes 0.235 0.424

Agricultural

insurance

Whether the farmer has agricultural insurance: 0= no; 1= yes 0.264 0.441

Village Location Distance of the farmer’s village from the district government,

logarithmic to the result, a continuous variable

1.797 0.402

Village topography Topography of the village where the farmer is located: 1= plain; 2=

hilly; 3=mountainous

2.196 1.301

Education of village

clerks

Education level of the village clerk of the village where the farm

household is located: 1= elementary or junior high school; 2= senior

high school, vocational high school, technical school, or junior

college; 3= junior college and above

2.173 0.776

(Continued)
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TABLE 2 (Continued)

Variable
category

Variable
name

Variable definition Average
value

(statistics)
Standard Deviation

Cultivated land area

of the village

Area of cultivated land in the village where the farmer is located,

taking logarithms of the results, a continuous variable

8.014 1.211

Village farmland

transfer rent

Farmers’ village transfer rentals, taking logarithms of the results, are

continuous variables

6.292 0.775

Reform of the

property rights

system

Reform of the land titling system in the farmer’s village: 1= not yet

started; 2= ongoing; 3= completed

2.570 0.652

E–commerce

households in the

village

Number of e–commerce households in the farmer’s village,

logarithmic to the result, a continuous variable

0.577 0.494

Natural disasters Whether the farmer’s village has suffered from natural disasters in the

last 3 years: 0= no; 1= yes

0.534 0.499

In Equation 1 Landscalei denotes the scale of farmland

management, and Digitali denotes the level of digital literacy, and

Control denotes a set of control variables, the β0 denotes the

intercept term, the β1 denotes the parameters to be estimated for

the core explanatory variables, respectively, and γ denotes the

parameters to be estimated for the control variables, and εi denotes

the random disturbance term.

3.4.2 Mediating e�ect model
In order to explore the role mechanism of digital literacy on the

impact of farmland scale operation, drawing on the research ofWen

and Ye (2014) and others, the mediating effect model is applied

to test the mechanism of the role between the two. The model is

constructed as follows:

Landscalei = Z1 + aDigitali + b1Control+ θ1 (2)

Landtransi = Z2 + cDigitali + b2Control+ θ2 (3)

Landscalei = Z3 + dDigitali + eLandtransi + b3Control+ θ3 (4)

In the above equation, the Landscalei represents the scale of

farmland management, and Digitali represents the level of digital

literacy of farm household, and Landtransi represents land transfer,

the Control represents control variables, Z represents constant

term, and θ represents the random interference term. Equation 2

represents the total effect of digital literacy level on the impact

of farmland scale operation of farmers, Equation 3 represents

the effect of digital literacy level on the impact of land transfer,

and the coefficient e in Equation 4 represents the direct effect

of land transfer on the scale of farmland operation. Substituting

Equation 3 into Equation 4 yields the indirect effect ec of farmland

scale operation, i.e., the digital literacy level influences farmland

scale operation by promoting land transfer of farmers. This paper

intends to use OLS model to analyze and verify the equation.

3.4.3 Moderating e�ects model
In order to verify the moderating effect of land dependence

on the level of digital literacy affecting the scale operation of

agricultural land, referring to the study of Haans et al. (2016), on the

basis of model (1), adding the land dependence and digital literacy

level Digitali interaction term, construct the econometric model

as follows:

Landscalei = β0
′

+ β2Digitali + β3Landrely+ β4Digitali ×

Landrely+ γ1Control+ εi (5)

In the above equation, the Landrely represents land

dependence, and Digitali × Landrely is the interaction of

digital literacy level with land dependence. If β4 is significant, it

indicates that land dependence plays a moderating role in digital

literacy level affecting farmland scale operation, and β4 > 0, land

dependence plays a positive moderating role, and vice versa plays a

negative moderating role.

4 Empirical testing

4.1 Benchmark regression results

The baseline regression results of this study are presented in

Table 3. Models (1) and (2) examine the impact of digital literacy

on the scale of farmland management among farmers. Specifically,

Model (1) excludes control variables, whereas Model (2) includes

control variables such as gender. The findings reveal that digital

literacy is statistically significant at the 1% level with positive

coefficients, irrespective of the inclusion of control variables. This

suggests that a higher level of digital literacy positively influences

the scale of farmland management by farmers. In other words,

as the digital literacy of farm households increases, so does the

size of their farmland operations. Thus, the research hypothesis

positing that enhancements in digital literacy levels facilitate the

expansion of farmland operation scales among farmers has been

substantiated. Furthermore, Models (3) and (4) investigate the

effect of digital literacy on plot size, while Models (5) and (6)

explore its impact on land concentration, focusing on the degree

of fragmented land holdings among farmers. Models (3) and (5)

do not incorporate control variables, while Models (4) and (6)

control for variables, such as gender. The results indicate that digital

literacy is significantly positive at the 1% level across all these

models. This implies that enhanced digital literacy among farmers

positively correlates with both larger plot sizes and increased land

concentration. That is, improving farmers’ digital literacy leads to a
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TABLE 3 Analysis of baseline regression results.

Variant Scale of operations Plot size Land concentration

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)

Digital literacy 1.031∗∗∗ 0.811∗∗∗ 0.740∗∗∗ 0.454∗∗∗ 0.962∗∗∗ 0.633∗∗∗

(0.144) (0.133) (0.119) (0.117) (0.116) (0.118)

Distinguishing between the sexes −0.227∗∗∗ −0.060 −0.027

Age (0.082) (0.072) (0.072)

0.264 −0.273 −0.009

Age squared (0.192) (0.169) (0.170)

−0.084∗ 0.027 −0.037

Education attainment (0.045) (0.039) (0.040)

−0.066∗ −0.005 −0.012

Health status (0.040) (0.035) (0.035)

0.010 −0.016 −0.018

Family farm (0.028) (0.025) (0.025)

1.169∗∗∗ 0.859∗∗∗ 0.817∗∗∗

Cooperative (0.116) (0.102) (0.103)

0.010 0.090∗∗ 0.075∗

Agricultural insurance (0.049) (0.043) (0.043)

0.521∗∗∗ 0.267∗∗∗ 0.367∗∗∗

Village location (0.049) (0.043) (0.043)

0.341∗∗∗ 0.273∗∗∗ 0.233∗∗∗

Village topography (0.053) (0.046) (0.047)

−0.089∗∗∗ −0.220∗∗∗ −0.213∗∗∗

Education of village clerks (0.018) (0.016) (0.016)

−0.017 −0.052∗∗ −0.019

Cultivated land area of the village (0.027) (0.024) (0.024)

0.526∗∗∗ 0.293∗∗∗ 0.217∗∗∗

Village farmland transfer rent (0.021) (0.018) (0.018)

−0.257∗∗∗ −0.223∗∗∗ −0.210∗∗∗

Reform of the property rights system (0.031) (0.027) (0.028)

−0.057∗ 0.073∗∗ 0.085∗∗∗

E–commerce households in the

village

(0.033) (0.029) (0.029)

−0.245∗∗∗ −0.257∗∗∗ −0.244∗∗∗

Natural disasters (0.042) (0.037) (0.037)

0.045 0.050 0.056

(0.042) (0.037) (0.037)

_cons 1.474∗∗∗ −1.086∗∗ 0.697∗∗∗ 0.395 0.022 −0.064

(0.072) (0.438) (0.059) (0.385) (0.058) (0.388)

N 3,157 3,157 3,157 3,157 3,157 3,157

adj. R2 0.016 0.412 0.012 0.328 0.021 0.290

Standard errors in parentheses. ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.
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TABLE 4 Analysis of stepwise regression results.

Variable
name

Scale of
operations

Land
transfer

Scale of
operations

Plot
size

Land
transfer

Plot
size

Land
concentration

Land
transfer

Land
concentration

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Digital

literacy

0.811∗∗∗ – 0.700∗∗∗ 0.454∗∗∗ – 0.391∗∗∗ 0.633∗∗∗ – 0.564∗∗∗

(0.133) – (0.124) (0.117) – (0.114) (0.118) – (0.114)

Land

transfer

– – 1.082∗∗∗ – – 0.611∗∗∗ – – 0.673∗∗∗

– – (0.047) – – (0.044) – – (0.044)

Control

Variable

Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons −1.086∗∗ – −1.045∗∗ 0.395 – 0.418 −0.064 – −0.038

(0.438) – (0.406) (0.385) – (0.374) (0.388) – (0.374)

N 3,157 – 3,157 3,157 – 3,157 3,157 – 3,157

adj. R2 0.412 – 0.496 0.328 – 0.368 0.290 – 0.340

Standard errors in parentheses ∗∗ p < 0.05, ∗∗∗ p < 0.01.

TABLE 5 Analysis of sobel test and bootstrap test results.

Action path Percentage of
indirect e�ects

Indirect
e�ect

95% confidence interval Z-Value Sensitivity analysis

Limit Lower limit Rho value Product of R-square

Digital literacy

→ Land transfer

→ Scale of

operation

19.59% 0.158∗∗∗

(0.059)

0.048 0.276 2.71 0.7 0.49

Digital literacy

→ Land transfer

→ Plot Size

26.56% 0.097∗∗∗

(0.038)

0.028 0.172 2.65 0.5 0.25

Digital literacy

→ Land transfer

→ Land

concentration

17.50% 0.101∗∗∗

(0.039)

0.025 0.178 2.69 0.5 0.25

Standard errors in parentheses ∗∗∗p < 0.01.

more consolidated holding of agricultural land. Consequently, the

research hypothesis, which posits that the enhancement of digital

literacy levels among farmers stimulates the expansion of farmland

plot sizes and the augmentation of average plot area, has been

empirically confirmed.

4.2 Mechanism of action testing

4.2.1 Analysis of the results of the mediation
e�ect

Referring to the research of Wen and Ye (2014), this paper

applies the mediating effect model to further test the role path of

land transfer between digital literacy and farmland scale operation.

First, this paper adopts the stepwise method to analyze the effect of

land transfer between digital literacy and farmland scale operation.

Table 4 reports the test results of the stepwise method. Models (1)

– (3) test the role paths of land transfer between digital literacy

and the scale of farmland management held by farmers. Model

(2) shows that digital literacy pushes farmers to carry out land

transfer. Model (3) shows a decrease in the coefficient of the effect

of digital literacy on the business scale of land held by farmers

compared to model (2). This indicates that land transfer plays

a partially mediating effect between digital literacy and farmers’

holding land operation scale. Models (4) – (6) and (7) – (9) test the

role of land transfer in the path between digital literacy and farmers’

plot size and land concentration, respectively, and their results are

consistent with models (1) – (3). In summary, it is shown that

land transfer plays a partial mediating role between digital literacy

and farmland size. The research hypothesis, which posits that land

transfer acts as a mediator in the process through which digital

literacy exerts an influence on farmers’ scale of farmland operation,

has been empirically confirmed.

Secondly, the results are analyzed in this paper using Sobel’s

test and Bootstrap test to ensure the robustness of the results.

Table 5 reports the analysis of the mediating effect of land transfer.

The results show that the indirect effect of land transfer in the

analysis of digital literacy and land operation scale is 15.8% with

a Z–value of 2.71, which passes the 1% significance test, and the

indirect effect is 19.59%. This indicates that land transfer plays a
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TABLE 6 Results of multicollinearity test.

Variable VIF 1/VIF

Digital literacy 1.08 0.923105

Land employment dependence 1.01 0.986537

Land revenue dependence 1 0.996238

Land security dependence 1.01 0.994026

1.06 0.945457

1.03 0.968561

Mean VIF 1.03

TABLE 7-1 Analysis of the regulatory e�ect of land income dependence.

Variable
name

Land revenue dependence

Scale of
operations

Plot size Land
concentration

Digital literacy 0.884∗∗∗ 0.425∗∗∗ 0.628∗∗∗

(0.157) (0.133) (0.131)

Digital literacy×

land revenue

dependence

0.582∗∗ 0.154 −0.045

(0.294) (0.249) (0.245)

Land revenue

dependence

0.102∗ 0.030 0.010

(0.053) (0.045) (0.044)

Control variable Controlled Controlled Controlled

_cons 5.791∗∗∗ 2.992∗∗∗ 1.944∗∗∗

(0.315) (0.266) (0.262)

N 3,157 3,157 3,157

adj. R2 0.175 0.127 0.115

Standard errors in parentheses ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.

partial mediating effect between digital literacy and the scale of

land operation held by farmers. In the analysis of digital literacy

and land parcel size, the indirect effect of land transfer is 9.7%,

with a Z–value of 2.65, which passes the 1% significance test, and

the indirect effect accounts for 26.56%. This indicates that land

transfer plays a partial mediating effect between digital literacy and

the size of land parcels held by farmers. In the analysis of digital

literacy and land concentration, the indirect effect of land transfer

is 10.1%, with a Z–value of 2.69, which passes the 1% significance

test, and the indirect effect accounts for 17.5%. This indicates that

land transfer plays a partial mediating effect between digital literacy

and farmers’ land concentration. In summary, land transfer plays a

partial mediating role between digital literacy and farmland scale

operation, further verifying the accuracy of the stepwise regression

results. Additionally, to assess the sensitivity of the mediation effect

results to unobserved confounding variables, this study conducted

a sensitivity analysis. The results indicate that the p–values are 0.7,

0.5, and 0.5, respectively, all of which are >0.3. This suggests that

the mediation effect is relatively robust to unobserved confounding

variables, and the likelihood of the mediation effect results being

overturned is low.

TABLE 7-2 Analysis of the adjustment e�ect of land employment

dependence.

Variable
name

Land employment dependence

Scale of
operations

Plot size Land
concentration

Digital Literacy 0.943∗∗∗ 0.458∗∗∗ 0.657∗∗∗

(0.154) (0.132) (0.130)

Digital literacy×

land employment

dependency

0.824∗∗∗ 0.680∗∗∗ 0.411∗∗∗

(0.148) (0.126) (0.125)

Land

employment

dependence

0.300∗∗∗ 0.113∗∗∗ 0.133∗∗∗

(0.029) (0.025) (0.024)

Control variable Controlled Controlled Controlled

_cons 4.830∗∗∗ 2.589∗∗∗ 1.448∗∗∗

(0.311) (0.266) (0.263)

N 3,157 3,157 3,157

adj. R2 0.206 0.139 0.125

Standard errors in parentheses ∗∗∗p < 0.01.

4.2.2 Analysis of moderating e�ect
Based on the preceding theoretical analysis, land dependence

appears to exert a moderating influence on the relationship

between digital literacy and the scale of farmland operations.

This concept of land dependence encompasses three dimensions:

land income dependence, land employment dependence, and

land security dependence. Since both digital literacy and land

dependency are influenced by individual farmers, there might be

a collinearity issue between the two. Therefore, we conducted

a Variance Inflation Factor (VIF) test. The test results, as

shown in Table 6, indicate that the VIF values for all variables

are <2, significantly below the threshold of 10. This confirms

that there is no collinearity issue between digital literacy and

land dependency.

Table 7-1 to Table 7-3 presents the findings of the moderation

analysis pertaining to land dependence. In examining the

moderating effect of land income dependence, the interaction term

exhibits a positive coefficient and achieves statistical significance

at the 5% level solely in relation to the scale of operation.

It does not, however, impact the size of farmers’ plots or

land concentration. This suggests that land income dependence

amplifies the positive effect of digital literacy on the scale

of farmers’ operations, but does not moderate the positive

effect of digital literacy on plot size or land concentration.

Consequently, the research hypothesis, which states that land

income dependence can amplify the promotional effect of digital

literacy on farmers’ farmland scale operations, has been empirically

confirmed. This outcome can be attributed to the fact that larger

operations benefit more pronouncedly from scale economies,

thereby enhancing farmers’ returns. The average number of

land parcels owned by farmers and the size of these parcels

reflect the level of land concentration; a higher concentration

facilitates mechanized operations, thereby boosting agricultural

production efficiency and income generation. Conversely, a lower
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TABLE 7-3 Analysis of the regulatory e�ect of land security dependence.

Variable name Land security dependence
(Pension insurance)

Land security dependence
(Health insurance for urban and rural

residents)

Land security dependence
(Commercial health insurance)

Scale of
operations

Plot size Land
concentration

Scale of
operations

Plot size Land
concentration

Scale of
operations

Plot size Land
concentration

Digital literacy 0.890∗∗∗ 0.437∗∗∗ 0.635∗∗∗ 0.896∗∗∗ 0.512∗∗∗ 0.697∗∗∗ 0.869∗∗∗ 0.410∗∗∗ 0.601∗∗∗

(0.156) (0.132) (0.130) (0.159) (0.134) (0.133) (0.156) (0.132) (0.130)

Digital literacy× land

security dependency 3

0.684∗∗∗ 0.625∗∗∗ 0.350∗∗∗

(0.150) (0.126) (0.125)

Land security dependency 3 −0.027 −0.037 0.004

(0.065) (0.055) (0.055)

Digital literacy× land

security dependency 2

0.685∗∗∗ 0.624∗∗∗ 0.347∗∗∗

(0.150) (0.126) (0.125)

Land security dependency 2 −0.002 −0.032∗∗∗ −0.027∗∗

(0.014) (0.012) (0.011)

Digital literacy× land

security dependency 1

0.686∗∗∗ 0.628∗∗∗ 0.350∗∗∗

(0.150) (0.126) (0.125)

Land security dependence1 0.162∗∗ 0.213∗∗∗ 0.246∗∗∗

(0.068) (0.057) (0.056)

Control variable Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons 5.957∗∗∗ 3.034∗∗∗ 1.934∗∗∗ 5.942∗∗∗ 3.118∗∗∗ 2.032∗∗∗ 5.935∗∗∗ 3.005∗∗∗ 1.938∗∗∗

(0.302) (0.255) (0.252) (0.301) (0.254) (0.251) (0.297) (0.251) (0.248)

N 3,157 3,157 3,157 3,157 3,157 3,157 3,157 3,157 3,157

adj. R2 0.178 0.134 0.117 0.178 0.136 0.119 0.180 0.138 0.122

Standard errors in parentheses ∗∗p < 0.05, ∗∗∗p < 0.01.
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TABLE 8 Results of group regression test.

Variable name O-logit O-probit

Scale of
operations

Plot size Land
concentration

Scale of
operations

Plot size Land
concentration

Digital literacy 1.124∗∗∗ 0.775∗∗∗ 1.098∗∗∗ 0.681∗∗∗ 0.515∗∗∗ 0.670∗∗∗

(0.230) (0.228) (0.226) (0.136) (0.135) (0.134)

Control variable Controlled Controlled Controlled Controlled Controlled Controlled

Log likelihood −2850.880 −2887.103 −3048.340 −2856.545 −2896.411 −3052.256

Pseudo R2 0.170 0.157 0.114 0.168 0.154 0.112

N 3,157 3,157 3,157 3,157 3,157 3,157

Standard errors in parentheses ∗∗∗p < 0.01.

TABLE 9 Results of impact e�ect measurement.

Matching
method

Scale of operations Plot size Land concentration

ATT Standard
error

T-value ATT Standard
error

T-value ATT Standard
error

T-value

Radius match 0.173∗ 2.45 2.25 0.108∗ 2.02 1.69 0.241∗∗∗ 3.51 3.83

Nuclear matching 0.205∗∗ 3.10 2.83 0.146∗ 2.29 2.42 0.248∗∗∗ 3.70 4.18

Local linear

regression matching

0.207∗∗ 2.68 2.23 0.153∗∗ 2.77 1.75 0.257∗∗∗ 3.89 3.27

Match 0.223∗∗∗ 3.32 – 0.152∗∗ 2.58 – 0.258∗∗∗ 4.15 –

Average value 0.202 0.140 0.251

Standard errors in parentheses ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.

TABLE 10 Two-stage least squares (2SLS) estimation results.

Variable name Scale of operations Plot size Land concentration

Phase I Phase II Phase I Phase II Phase I Phase II

Digital literacy 2.597∗∗∗

(0.576)

1.087∗∗∗

(0.490)

2.104∗∗∗

(0.484)

Mean value of digital literacy at township level 0.472∗∗∗ (0.036) 0.472∗∗∗

(0.036)

0.472∗∗∗

(0.036)

Control variable Controlled Controlled Controlled Controlled Controlled Controlled

F-statistics value 166.207

N 3,157

Standard errors in parentheses ∗∗∗p < 0.01.

concentration can also enhance efficiency through the acquisition

of socialized services. Regarding the moderating effect of land

employment dependence, the interaction term positively influences

the scale of operation, plot size, and land concentration, with

all coefficients being statistically significant at the 1% level. This

indicates that land employment dependence reinforces the positive

effect of digital literacy on these three aspects of farmland

operations. Thus, the research hypothesis, which posits that land

employment dependence can enhance the promotional effect of

digital literacy on farmers’ farmland scale operations, has been

empirically validated. In the analysis of land security dependence,

the interaction term similarly exhibits positive coefficients for

business scale, plot size, and land concentration, all of which

are statistically significant at the 1% level. This demonstrates

that land security dependence also enhances the positive effect

of digital literacy on these dimensions of farmland operations.

Consequently, the research hypothesis, which states that land

security dependence can amplify the promotional impact of

digital literacy on farmers’ farmland scale operations, has been

empirically confirmed.

In conclusion, land income dependence specifically moderates

the relationship between digital literacy and the scale of

farmland operations, indicating that land dependence, in general,

strengthens the positive effect of digital literacy on the scale of

these operations. Overall, the research hypothesis, which posits

that land dependence can enhance the promotional effect of

digital literacy on farmers’ farmland scale operations, has been

empirically validated.
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TABLE 11 Analysis of the e�ect of di�erent dimensions of digital literacy and farmland scale management.

Variable name Digital media literacy Digital social literacy

Scale of operations Plot size Land concentration Scale of operations Plot size Land concentration

Digital media literacy 0.353∗∗∗ 0.196∗∗∗ 0.243∗∗∗

(0.078) (0.068) (0.069)

Digital social literacy 0.264∗∗∗ 0.115 0.203∗∗

(0.095) (0.083) (0.084)

Control variable Controlled Controlled Controlled Controlled Controlled Controlled

_cons −0.945∗∗ 0.474 0.062 −0.944∗∗ 0.495 0.049

(0.438) (0.384) (0.388) (0.441) (0.387) (0.390)

N 3,157 3,157 3,157 3,157 3,157 3,157

adj. R2 0.409 0.327 0.286 0.407 0.326 0.285

Variable name Digital business literacy Digital information literacy Digital problem solving literacy

Scale of
operations

Plot size Land
concentration

Scale of
operations

Plot Size Land
Concentration

Scale of
operations

Plot size Land
concentration

Digital business literacy 0.312∗∗∗ 0.160∗∗ 0.247∗∗∗

(0.075) (0.066) (0.067)

Digital information

literacy

0.669∗∗∗ 0.393∗∗∗ 0.478∗∗∗

(0.081) (0.071) (0.072)

Digital problem solving

literacy

0.166∗∗ 0.060 0.141∗∗

(0.070) (0.062) (0.062)

Control variable Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons −0.856∗ 0.527 0.115 −0.967∗∗ 0.456 0.043 −0.856∗ 0.539 0.111

(0.437) (0.383) (0.386) (0.434) (0.382) (0.385) (0.439) (0.384) (0.388)

N 3,157 3,157 3,157 3,157 3,157 3,157 3,157 3,157 3,157

adj. R2 0.408 0.326 0.287 0.418 0.332 0.293 0.406 0.325 0.285

Standard errors in parentheses ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.
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TABLE 12 Analysis of human capital heterogeneity.

Variable
name

Lower level of human capital Primary human capital level Intermediate human capital level Senior human capital level
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Digital

literacy

0.907∗∗ 0.230 0.706∗∗ 0.796∗∗∗ 0.450∗∗∗ 0.583∗∗∗ 0.804 0.655 0.968∗∗ 1.956 2.420 1.489

(0.382) (0.340) (0.351) (0.148) (0.130) (0.130) (0.523) (0.456) (0.449) (1.552) (1.479) (1.567)

Control

variable

Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons −4.533∗∗∗ −1.267 −3.292∗∗ −1.542∗∗∗ 0.382 0.003 0.062 0.181 0.300 4.915 2.727 2.701

(1.634) (1.453) (1.503) (0.482) (0.424) (0.426) (1.342) (1.171) (1.154) (3.992) (3.803) (4.028)

N 287 287 287 2,379 2,379 2,379 426 426 426 65 65 65

adj. R2 0.499 0.368 0.316 0.412 0.332 0.298 0.347 0.309 0.271 0.557 0.285 0.208

Standard errors in parentheses ∗∗p < 0.05, ∗∗∗p < 0.01.
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5 Discussion

This study utilizes data from the 2020 Chinese Academy

of Social Sciences rural revitalization research and employs

factor analysis and principal component analysis to assess the

digital literacy levels of farmers. Building upon a theoretical

framework that elucidates the impact of digital literacy on

the scale of farmers’ agricultural land operations, the study

further applies linear regression models, mediation effect

models, and other analytical techniques to explore the effects

and mechanisms of farmers’ digital literacy on the scale

of their land operations. The key findings of the study are

as follows:

Firstly, our findings indicate that farmers with higher levels

of digital literacy are more likely to operate larger farmland

scales, manage larger organized land plots, and exhibit higher

degrees of land concentration. Thus, our hypothesis holds true:

an enhancement in digital literacy levels can spur the expansion

of farmland operation scales among farmers. In contexts where

the efficacy of national policies is constrained, the ongoing

improvement of farmers’ digital literacy levels and the stimulation

of their intrinsic motivation to enlarge farmland scales may

serve as a means to surpass the present bottlenecks hindering

the development of agricultural land scale operations in China.

Secondly, we have uncovered that an elevation in digital literacy

levels stimulates farmland transfer behavior among farmers and

prompts them to lease additional farmland, thereby exerting

an influence on their farmland operation scales. From the

vantage point of land dependence, we have examined the impact

of farmers’ digital literacy levels on their farmland operation

scales and found that farmers with a stronger reliance on

land experience a more pronounced impact on their farmland

operation scales when their digital literacy levels improve.

Consequently, to foster the development of agricultural scale

operations, it is imperative to consider refining the farmland

transfer market, augmenting the economic returns of agricultural

operations for farmers, and bolstering social security. Lastly,

our research also reveals disparities in the extent of agricultural

operation scales among farmers with varying dimensions of

digital literacy and different resource endowments. Therefore,

when advancing agricultural scale operations, it is crucial

to make informed decisions and tailor measures to specific

local conditions.

Moreover, we have undertaken a comparative analysis of

our study compared with other research endeavors. Firstly, our

research findings exhibit similarities with those of Riyazuddin

et al. (2021). Their team, in exploring the correlation between the

Indian caste system and agricultural productivity, observed that

disadvantaged groups face impediments in accessing agricultural

resources, such as land. This aligns with our conclusion that

farmers with lower levels of digital literacy tend to possess

smaller landholdings. However, a notable distinction lies in

Riyazuddin’s assertion that disadvantaged groups achieve higher

output per unit of land. This phenomenon can be attributed

to the tendency of India’s socially marginalized groups to

cultivate high–value, labor–intensive crops, which yield greater

returns. In contrast, the Chinese government places emphasis

on food security and has implemented pertinent policies to T
A
B
L
E
1
3

A
n
a
ly
si
s
o
f
a
g
e
h
e
te
ro
g
e
n
e
it
y
.

V
a
ri
a
b
le

n
a
m
e

M
id
d
le
-a
g
e
d

M
id
d
le

a
n
d
o
ld

a
g
e

A
u
tu
m
n
o
f
o
n
e
’s
y
e
a
rs

S
c
a
le

o
f

o
p
e
ra
ti
o
n
s

P
lo
t
si
z
e

L
a
n
d

c
o
n
c
e
n
tr
a
ti
o
n

S
c
a
le

o
f

o
p
e
ra
ti
o
n
s

P
lo
t
si
z
e

L
a
n
d

c
o
n
c
e
n
tr
a
ti
o
n

S
c
a
le

o
f

o
p
e
ra
ti
o
n
s

P
lo
t
si
z
e

L
a
n
d

c
o
n
c
e
n
tr
a
ti
o
n

D
ig
it
al
li
te
ra
cy

0.
53
8

0.
71
8

0.
85
5∗

0.
95
3∗

∗
∗

0.
76
2∗

∗
∗

0.
94
5∗

∗
∗

0.
78
8∗

∗
∗

0.
33
1∗

∗
0.
50
8∗

∗
∗

(0
.5
28
)

(0
.4
91
)

(0
.4
99
)

(0
.2
49
)

(0
.2
20
)

(0
.2
23
)

(0
.1
63
)

(0
.1
40
)

(0
.1
40
)

C
o
n
tr
o
lv
ar
ia
b
le

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

C
o
n
tr
o
ll
ed

_
co
n
s

−
2.
03
3∗

−
1.
49
5

−
1.
09
7

−
0.
24
3

0.
25
6

−
0.
25
1

−
1.
09
2∗

0.
11
4

−
0.
08
7

(1
.1
35
)

(1
.0
56
)

(1
.0
73
)

(0
.6
16
)

(0
.5
43
)

(0
.5
50
)

(0
.5
68
)

(0
.4
88
)

(0
.4
88
)

N
43
7

43
7

43
7

1,
35
9

1,
35
9

1,
35
9

1,
36
1

1,
36
1

1,
36
1

ad
j.
R
2

0.
50
6

0.
37
6

0.
30
4

0.
42
1

0.
35
9

0.
32
4

0.
33
6

0.
23
7

0.
18
6

St
an
d
ar
d
er
ro
rs
in

p
ar
en
th
es
es

∗
p

<
0.
1,

∗
∗
p

<
0.
05
,∗

∗
∗
p

<
0.
01
.

Frontiers in Sustainable FoodSystems 17 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1546024
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Yang et al. 10.3389/fsufs.2025.1546024

TABLE 14 Analysis of urban-rural heterogeneity.

Variable
name

Scale of operations Plot size Land concentration

City outskirts Rural areas City outskirts Rural areas City outskirts Rural areas

Digital literacy 0.474∗ 1.031∗∗∗ 0.537∗∗ 0.717∗∗∗ 0.573∗∗ 0.975∗∗∗

(0.282) (0.130) (0.260) (0.114) (0.254) (0.117)

Wald P = 0.050 P = 0.134 P = 0.506

Control variable Controlled Controlled Controlled Controlled Controlled Controlled

_cons 0.670 −1.876∗∗∗ 0.020 −0.355 −0.563 −0.501

(0.768) (0.431) (0.708) (0.378) (0.692) (0.385)

N 641 2,516 641 2,516 641 2,516

adj. R2 0.186 0.448 0.071 0.367 0.087 0.319

Standard errors in parentheses ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.

bolster grain production. Secondly, our research indicates that

a higher degree of land concentration and larger scale farming

can facilitate the advancement of agricultural modernization.

This finding contradicts the research conducted by Lin (2008).

Lin discovered that despite the high concentration of land

in Pakistan, the anticipated economies of scale in agriculture

have not been realized; instead, this has exacerbated farmer

poverty and hindered agricultural development. The underlying

reason for this discrepancy is that Pakistan’s land system is

characterized by private ownership, with land concentrated in

the hands of a few landlords. Consequently, farmers can only

lease land for agricultural production and are unable to engage

in effective large–scale agricultural management. Thirdly, our

study reveals that digital literacy enhances the likelihood of

farmers engaging in land transfer activities, thereby influencing

agricultural scale management. This finding is consistent with

Osman’s research (Osman et al., 2025). Osman, in analyzing the

factors driving land use in the Sudan region, found that farmers

adjust their land use practices based on market demand and other

factors. In our theoretical framework, digital literacy can mitigate

market information asymmetry, heighten farmers’ expectations

for farming, and subsequently encourage them to participate in

large–scale agricultural management. This hypothesis has been

substantiated through empirical research.

Against the backdrop of the steady advancement of digital rural

construction and digital economic development in China, there

is a promising prospect for a significant enhancement in farmers’

digital literacy levels. When farmers’ digital literacy reaches a

certain threshold, the agricultural development model will undergo

a transformation, gradually shifting from traditional low–value

agriculture to modern high–value agriculture. Novel agricultural

models such as digital agriculture, precision agriculture, and smart

agriculture will emerge as a result. A close, mutually reinforcing,

and bidirectionally empowering relationship exists between

farmers’ digital literacy and modern high–value agriculture, which

is manifested in the following four aspects: (1) The improvement of

farmers’ digital literacy enables them to proficiently utilize digital

technologies to comprehensively search for and systematically

organize data information related to various stages of agricultural

cultivation. Through in–depth calculation and analysis of this

data, farmers can formulate scientific production plans that

are highly aligned with actual production conditions, thereby

achieving precision in agricultural production and enhancing

its efficiency and quality. (2) Digital literacy encourages farmers

to actively utilize agricultural and rural big data platforms to

conduct intelligent perception, early warning, and decision–

making analysis on multiple key aspects such as agricultural

safety production, agricultural product processing and quality

traceability, and rural industrial development. Leveraging the

powerful capabilities of big data platforms, farmers can obtain

real–time dynamic information on agricultural production,

achieve visual management of agricultural production, and

promptly identify and resolve issues that arise during the

production process. (3) With the data information editing and

production capabilities bestowed by digital literacy, farmers

can innovatively transform traditional agricultural production

models. By tapping into the multifunctionality of agriculture

and combining market demands and consumer preferences,

they can create innovative new forms of agricultural production,

such as agricultural tourism, agricultural experience activities,

and customized agricultural products, thereby expanding the

value and industrial chains of agriculture. (4) The development

of modern high–value agriculture places higher demands on

the quality of agricultural labor. To adapt to the development

needs of modern high–value agriculture, farmers need to

continuously update their knowledge and engage in digital

practices, learning new agricultural technologies, management

concepts, and digital skills. In this process, farmers’ digital literacy

levels will be rapidly enhanced, forming a virtuous cycle that

further promotes the sustainable development of modern high–

value agriculture.

In comparison to existing research, this paper offers several

marginal contributions: firstly, regarding the measurement of

digital literacy, our study builds upon the Global Digital Literacy

Framework issued by UNESCO and integrates the present context

of China’s agricultural and rural development. We construct a

comprehensive digital literacy indicator system encompassing two

dimensions: digital access and digital application. This system

aims to highlight the digital divide at various levels, consisting

of 5 second–level indicators and 17 third–level indicators. This
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TABLE 15 Regional heterogeneity.

Variable
name

Eastern region Central region Western region Northeastern region
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Digital

literacy

0.763∗∗∗ 0.743∗∗∗ 0.464∗∗ 0.459 0.470∗ 0.154 0.719∗∗∗ 0.725∗∗∗ 0.649∗∗∗ 1.441∗∗∗ 1.357∗∗∗ 1.264∗∗∗

(0.205) (0.179) (0.189) (0.293) (0.247) (0.244) (0.166) (0.147) (0.138) (0.322) (0.340) (0.325)

Control

variable

Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons 0.518 −0.498 −0.390 1.941∗ 2.034∗∗ 1.660∗ 0.038 −0.606 0.362 −0.923 −2.025 −2.655

(0.732) (0.639) (0.675) (1.084) (0.911) (0.903) (0.546) (0.484) (0.454) (2.247) (2.374) (2.267)

N 960 960 960 600 600 600 1,274 1,274 1,274 339 339 339

adj. R2 0.169 0.176 0.150 0.318 0.245 0.260 0.336 0.291 0.337 0.249 0.343 0.285

Standard errors in parentheses ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01.
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approach not only expands the current understanding of digital

literacy and its implications for rural China but also diversifies

the existing research methodologies on digital literacy assessment

frameworks. Secondly, we introduce an innovative analysis

of farmland management scale, considering three dimensions:

farmers’ operational scale, plot size, and plot mean (average plot

size). By separately examining the relationships between “digital

literacy – operational scale,” “digital literacy – plot size,” and

“digital literacy – plot mean,” we enrich the theoretical literature

on agricultural scale management and offer a novel perspective.

Thirdly, our study leverages field research data collected from

farmers across 10 provinces in China, addressing the inherent

limitation of past data sources. This comprehensive dataset allows

us to more thoroughly demonstrate how farmers’ digital literacy

levels impact the scale of agricultural land operations. Furthermore,

it scientifically unravels the internal transmission mechanisms

of land transfer and land dependence, thereby enhancing the

reliability, precision, and external validity of our conclusions.

6 Recommendation

Based on these conclusions, this paper offers the following

policy recommendations:

(1) It is imperative to advance the development of rural

digital infrastructure in order to improve farmers’ access

to digital resources. This objective can be accomplished

through several strategic initiatives: initially, promoting the

deployment of integrated “5G + satellite” internet coverage

is essential. As an illustration, Suichang County in Zhejiang

Province has successfully implemented precise management

of tea plantations utilizing the “5G + Beidou” system,

enabling farmers to access real–time data via their mobile

devices. Secondly, optimizing the digital service ecosystem

is crucial, which may involve strategies such as popularizing

intelligent terminals through a combination of government

subsidies and corporate concessions, as well as establishing

digital service stations within village committees to offer

equipment usage guidance and training programs. Thirdly,

the establishment of a data property rights trading platform

for agricultural products is recommended, allowing farmers

to generate income by sharing agricultural operational data,

thereby incentivizing the adoption of digital tools. Lastly, the

creation of a rural digital infrastructure index is proposed to

systematically assess indicators such as network coverage and

equipment utilization rates across different regions, addressing

existing network deficiencies.

(2) Efforts should be made to improve the factor market system

and facilitate the efficient circulation of various factors.

Accelerating the construction of the factor market system,

refining its rules and regulations, and eliminating barriers

to factor mobility can effectively promote land transfer and

integration. This, in turn, fosters the scale and mechanization

of agricultural operations, maximizes the scale effect of

agricultural production, and enhances overall efficiency.

Moreover, encouraging the flow of urban capital, technology,

and human resources to rural areas can facilitate the effective

allocation of high–quality resources in the agricultural sector,

further amplifying the impact of digital elements on farmers’

agricultural production and operation.

(3) There is a need to enhance support mechanisms for farmers,

aiming to bolster their risk resilience. This can be achieved

through the following measures: firstly, increasing financial

subsidies for the agricultural sector is vital to ensure a stable

and reliable supply of agricultural production materials,

thereby reducing farmers’ production and operational costs.

Secondly, innovating agricultural insurance cooperation

models and fostering a collaborative ecosystem involving

government, enterprises, and farmers is essential. For instance,

the “Vegetable e–Loan” project in Shouguang, Shandong

Province, allows farmers who have completed e–commerce

training to secure loans of up to 500,000 yuan at an interest

rate 1.5% points below the market rate by presenting their

insurance policies. Concurrently, establishing a “platform

+ farmer” data–sharing model, where farmers authorize

platforms to access pertinent agricultural information,

and in return, platforms provide farmers with risk alerts

and insurance policy insights through data analysis, can

be beneficial. Furthermore, the government should offer

corresponding insurance premium subsidies to enhance

farmers’ capacity to withstand natural and market risks,

bolster their confidence in farming, stabilize their farming

income, and further amplify the impact of digital literacy on

their production and operational activities.

(4) It is crucial to innovate the digital training framework for

farmers to stimulate their intrinsic motivation. This can

be accomplished through the following strategies: firstly,

establishing and refining a tiered training system for farmers’

digital literacy, and promoting the development of categorized

programs such as the “Silver Hair Classroom” and the “New

Farmer Incubation Camp” is necessary. For example, the

“Silver Hair Classroom” focuses on equipping elderly farmers

with fundamental skills like mobile payments and video calls,

while the “New Farmer Incubation Camp” offers returning

youth farmers content on e–commerce live streaming and

digital operational management. Secondly, leveraging short

video platforms like Douyin to create a library of agricultural

knowledge videos in local dialects can effectively engage local

farmers in learning.
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