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Introduction: As digital village construction advances, digital technologies are
gradually permeating various aspects of rural life, providing a new avenue for
improving rural human settlement environment (RHSE).

Methods: We matched the 2020 and 2021 data from the China Land Economic
Survey (CLES) with the County Digital Rural Index (CDRI), exploring how digital
village development (DVD) influences farmers’ human settlement environment
improvement behaviors (HSEIBs).

Results and discussion: Research findings indicate that DVD has significantly
increased farmers’ probability of disposing of domestic wastewater scientifically
and adopting sanitation toilets, with robustness checks conducted. Further
analysis reveals that this positive impact is primarily realized through effects
of enriching villages, enriching villagers and social interaction. The analysis of
heterogeneity reveals that in households with a higher proportion of seniors,
DVD significantly raises the usage of sanitation toilets but does not significantly
promote the scientific treatment of domestic wastewater. Additionally, when we
subdivide DVD into different dimensions, we find that the digitalization of rural
infrastructure, rural economy, rural life and rural governance can effectively
facilitate farmers’ HSEIBs, but the digitalization of rural governance has the least
impact. Our findings not only enrich the field of digital well-being research but
also shed light on the digital divide problem in rural China.

KEYWORDS

digital village development, rural human settlement environment, two-part tariff
system, social interaction, multivariate probit models

1 Introduction

The Sustainable Development Goals (SDGs) clearly articulate a vision to build inclusive,
safe, resilient and sustainable cities and human settlements by 2030 (United Nations
Development Programme [UNDP], 2015). Compared to urban areas that gather large
populations and wealth, rural communities receive significantly less attention within the SDGs
framework (Lowery et al.,, 2020). As a weak link in the development of human communities,
rural human settlements face multiple challenges, including disorderly spatial layouts (Wu
et al., 2022), inadequate provision of public service facilities (Victor et al., 2022) and severe
ecological pollution (Hu et al., 2022). Taking China’s wastewater treatment as an example, the
treatment rate for urban and county-level cities exceeded 96% in 2022 (Ministry of Housing
and Urban-Rural Development [MHUD], 2023), while the treatment rate of domestic
wastewater in rural areas is only around 31% (State Council of the People’s Republic of China
[CPG]J, 2023). The backward RHSE not only seriously endangers the health of rural residents
(Hammer and Spears, 2016; Jeremy et al., 2022), but also greatly diminishes their sense of
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happiness (Li et al., 2023). Therefore, improving RHSE has become a
pressing challenge that must be addressed to achieve the SDGs.

The existing literature mainly discusses the paths of improving
RHSE from the perspective of actors and their relationships, such as
government management models (Zhang and Guo, 2023), villagers’
self-governance models (Sheng and Ma, 2023) and multi-stakeholder
collaborative governance models (Zhang Y. et al., 2024), but cannot
fundamentally address the issue of insufficient farmer participation
(Zhang and Liu, 2023). With the continuous deepening of digital
village construction, information technology, digitization and
intelligence have been widely applied in rural areas. This not only
promotes the upgrading of the agricultural industry, stimulates the
vigorous development of the rural economy, but also accelerates the
dissemination of rural culture, innovates the rural governance model
and profoundly changes the lifestyle of farmers (Salemink et al., 2017;
Malik et al., 2022). Under the comprehensive promotion of DVD, new
opportunities are provided for farmers to participate more actively in
improving RHSE. Through digital means such as “Internet+,” big data,
cloud computing and artificial intelligence, it is expected to solve the
difficulties in mobilization, participation, supervision and data
statistics in traditional governance. This would provide more efficient
and intelligent strategies for optimizing farmers’ HSEIBs.

The role of digital technology in rural governance is becoming
increasingly significant, and some studies have begun to explore the
application of digital technology in farmers’ HSEIBs. Li Z. et al. (2024)
found that farmers using information and communication technology
can reduce information acquisition costs and increase expected health
well-being, thereby promoting rural households to carry out toilet
hygiene renovations. Through examples of using WeChat groups and
public accounts, Zhang Y. et al. (2024) also demonstrated how digital
technology can promote farmers’ HSEIBs by promoting a multi-center
governance model. However, these studies focus on a single dimension
of DVD, failing to fully capture its overall impact as a comprehensive
information technology on farmers’ HSEIBs. In addition, Liu et al.
(2023) used provincial panel data to find that the digital economy has
significantly improved the quality of RHSE. But this study did not
deeply explore the environmental benefits brought by DVD. Compared
to the provincial-level digital economic development, the DVD Index
is a key indicator for measuring the level of digital development in
villages, which focuses on ensuring that rural residents can access and
apply digital technologies conveniently, providing a more intuitive
perspective for understanding the impact of digitalization.

China provides an ideal research scenario for exploring the
relationship between DVD and farmers’ HSEIBs. The Chinese
government has actively implemented a series of strategic measures to
accelerate DVD. According to the CDRI Report (China Institute for
Rural Development of Peking University [CIRDNC], 2022) published
by Peking University, the CDRI increased from 50 points in 2018 to
55 points in 2020. As of June 2022, the number of rural internet users
had reached 293 million and the rural internet penetration rate had
reached 58.8%, nearly double the level in 2015 (Ministry of Agriculture
and Rural Affairs of China [MARA], 2023). At the same time, farmers’
HSEIBs are also continuously better. The coverage rate of sanitary
toilets in rural areas has increased from less than 60% in 2018 to 77.5%
in 2022 (Peoples Daily, 2021; CNS, 2022). And the rate of rural
domestic sewage treatment has also increased from 25.5% in 2020 to
about 31% in 2022 (State Council of the People’s Republic of China
[CPG]J, 2023). Therefore, exploring how farmers’ HSEIBs can benefit
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from the digitalization process is a key issue that this study aims
to solve.

Based on the data from the CLES and the CDRI, we examined
whether DVD contributes to farmers’ HSEIBs in terms of sewage
treatment and the use of sanitary toilets. Given the characteristic of
farmers’ HSEIBs, we, respectively, analyzed the impact mechanism of
DVD on HSEIBs from two dimensions: economic and social
interactions. The former includes the financial status of village
collectives and farmers income, while the latter focuses on farmers’
perception of policies, the leadership of village cadres and the level of
trust among villagers. Moreover, based on the digital divide and the
secondary indicators of the CDRI, we discussed the heterogenous
impacts of DVD.

Compared to existing literature, this paper’s marginal contribution
mainly lies in four aspects. Firstly, in terms of research subject,
we focus on the theoretical logic underlying HSEIBs empowered by
digital ways. This enriches research on rural environmental issues,
providing feasible solutions for tackling rural pollution. Secondly,
from a research perspective, few studies have focused on the
environmental effects of DVD. We innovatively examine the dividend
effect of DVD on farmers’ HSEIBs, providing empirical evidence to
the current research in the field of DVD. And we also measure the
level of DVD based on the county level and combine CLES data to
provide micro support for HSEIBs, which supplements the previous
research focusing on the macro level of provinces and cities. Thirdly,
in the construction of the research framework, based on the theory of
club goods and collective action characteristics, we reveal how DVD
promote farmers’ HSEIBs through three aspects: enriching villages,
enriching villagers and social interaction. In addition, we no longer
treat the level of DVD and different household groups as homogeneous
units, but have conducted in-depth discussions separately, providing
more refined guidance for future policy practices.

The remaining structure of the paper is as follows. Section 2
defines the attribute of farmers’ HSEIBs and constructs the theoretical
framework. Section 3 outlines the data sources, variable selection, and
the application of the model. Section 4 presents the empirical findings
and discusses their implications. Lastly, Section 5 comprises
conclusions and policy implications.

2 Theoretical analysis and research
hypotheses

2.1 The characteristic of farmers’' HSEIBs

To stimulate farmers’ HSEIBs, it is necessary to clearly know the
attribute of RHSE. Firstly, RHSE is a communal and collective public
good, and its public good attribute determines that transaction costs
are higher and property rights are difficult to determine (Li et al.,
2021). Secondly, the funding for promoting farmers’ HSEIBs is raised
through a joint payment system between the public and private
sectors, demonstrating the club goods characteristics of a “two-part
tarift” (Feldstein, 1972; Zhang E et al., 2024). Specifically, the “two-
part tariff” theory advocates separating the annual membership fee
from the cost of purchasing club goods, thereby reducing free-rider
behavior and improving the efficiency of public good provision. In the
case of household toilet hygiene renovation and sewage treatment, the
public sector is responsible for constructing wastewater disposal
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infrastructure, providing farmers with the prerequisite conditions for
scientifically treating wastewater and transforming their toilets for
hygiene. And farmers must bear the cost of connecting household
pipelines to the public wastewater system and acquiring necessary
ancillary equipment. In the “two-part tariff” model, whether
increasing village-level public investment in the “first part” or
improving household income in the “second part” can significantly
promote households to properly manage domestic wastewater and use
sanitary toilets (Shao et al., 2024). In addition to economic factors,
according to behavioral mimicry theory, farmers’ HSEIBs are also
influenced by social factors, including their own perception of policies
and the influence of surrounding individuals (Lede et al., 2019; Sun
et al., 2020).

2.2 Mechanism analysis of DVD on farmers'
HSEIBs

Based on previous Chinese data, it suggests that there may be a
positive correlation between DVD and farmers’ HSEIBs. So, how does
DVD influence farmers’ HSEIBs? By incorporating the attributes of
farmers’ HSEIBs, we discussed the three theoretical mechanisms,
including effects of enriching villages, enriching villagers and social
interaction. The theoretical framework of this study is shown in
Figure 1.

2.2.1 The effect of enriching villages

With the advancement of digital rural construction, the
digitization of rural areas drives to the prosperity of economic
activities in rural areas, thereby strengthening the rural collective
economy. One is the effect of factor convergence. On the one hand, it
improves the efficiency of factor allocation. As data, information and
other new production factors integrate into agricultural systems, they
not only reconfigure the composition of production factors but also
enhance the synergistic development efficiency of these elements, thus
breaking the time and space constraints of rural economic
development (Malik et al., 2022). For example, by leveraging digital
information technology to explore the digital potential of local rural

10.3389/fsufs.2024.1526399

resources and activate collective rural resource assets, a solid
foundation has been laid for the development of collective economy.
On the other hand, it guides the flow of resource elements to rural
areas. Digital village construction promotes bidirectional flow of
urban and rural elements, exhibiting a strong agglomeration effect on
financial resources, talents, technology and other factors in rural areas
as well as their surrounding regions (Zhou et al., 2023). From 2012 to
the end of 2022, the cumulative number of people returning to their
hometowns to start businesses reached 12.2 million (People’s
Daily, 2023).

The other is the effect of industrial transformation. Empowered
by digital technologies such as the Internet, the format, originally
dominated by agricultural production and operation, gradually
extends to the second and third industry-related sectors (Liu et al.,
2023). This leads to the emergence of new formats such as agricultural
tourism, agricultural product processing, rural e-commerce and
innovation in the development model of collective economy.
Furthermore, the free flow and optimal allocation of information,
resources and talents have ultimately enhanced the endogenous
driving force of rural collective economic development.

The better the development of collective economy in a village, the
more obvious the effect of farmers’ HSEIBs. Collective economy is the
main source of public investment in improving RHSE. Its vigorous
development enhances the financial strength of villages and promotes
the improvement of public sewage infrastructure, thus providing a
material basis for farmers’ HSEIBs, solving the “first part” investment
problem (Shao et al., 2024). Moreover, the development of collective
economy can strengthen farmers’ identification and support for the
collective. This fosters a sense of belonging and collective pride among
farmers, encouraging them to more actively engage in improving
RHSE (Zhang F et al., 2024).

2.2.2 The effect of enriching villagers

Digital village construction, in optimizing rural resource
allocation and driving structural upgrading, presents advantageous
conditions for farmers’ income increase. Firstly, the proliferation of
digital infrastructure such as smartphones and internet-connected
computers can lower the learning costs for farmers, thereby providing

FIGURE 1
The theoretical framework.
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a favorable digital environment for rural industrial development and
agricultural household livelihood diversification. Secondly, the
promotion of smart agriculture can significantly increase agricultural
productivity, reduce production costs and increase farmers’ income
(Kaila and Tarp, 2019). At the same time, it can promote farmers’
income in the circulation link. The rise of rural e-commerce can not
only promote online sales of agricultural products but also reduce
intermediate links in sales, thereby increasing product prices (Wei
etal,, 2024). Thirdly, the integration of digital technologies with rural
industries will give birth to new formats, creating more
non-agricultural employment opportunities for farmers (Min et al.,
2020) and directly boosting their wage income. Fourthly, the
development of digital inclusive finance such as digital payments and
online lending can reduce the cost for rural businesses to access
financial resources (Yu et al., 2024) and provide strong credit support
for increasing farmers” income. Furthermore, DVD will facilitate the
development of collective economy. By holding shares in collective
economic enterprises, farmers can reap the dividends from the
development of collective economies, thereby enhancing their
property income.

Family income levels constitute a pivotal determinant for farmers’
HSEIBs. On one hand, as income rises, it is invariably accompanied
by an escalated demand for superior living environments. This
prompts rural households to take actions to improve RHSE (Zheng
et al., 2024). On the other hand, an increase in income would enhance
family capacity for investments in ambient habitat facilities, enabling
them from “desiring to do” to “being able to” (Li Z. et al., 2024).

2.2.3 The effect of social interaction

Rural China is a familiar society formed by kinship and
geographical relationships. In addition to being constrained by formal
institutions such as laws and regulations, farmers’ HSEIBs are also
influenced by informal institutions, especially policy perceptions,
village cadres and surrounding communities. The inclusiveness of
digital information will erode the existing hierarchical structure,
change the government-dominated situation in rural governance and
promote the formation of a decentralized, more open and equal social
interaction network, thus injecting new vitality into improving RHSE.

From a perspective of farmers’ perceptions of policies, digital
technology, will break down information barriers, increase
opportunities for information acquisition and facilitate farmers’
understanding of RHSE policies. On one hand, digital technologies
can narrow the information gap between local governments and the
public. The village committee can publish policy promotion videos
through Apps or WeChat groups, allowing villagers to comprehend
the latest policies on RHSE in a simple and accessible manner. This
would enhance their environmental awareness, thereby enhancing
their expectations for household waste water treatment and toilet
renovations. On the other hand, the popularity of smart devices
enables farmers to independently collect information related to RHSE,
enhancing farmers’ subjective initiative to improve RHSE (Chen et al.,
2023). Existing studies show that the stronger the policy perception,
the higher their intention to participate, and the more active their
participation behavior (Sun et al., 2020; Grilli and Curtis, 2021).

From the perspective of village cadres, digital empowerment
promotes the standardized construction of village committees by
leveraging innovative governance models such as “Internet +

»

Government Services initiative,

» <«

Internet + Village Affairs,” “Internet
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+ Education” and “Internet + Medical Care” These models
significantly enhance the efficiency of multi-functional service
operations in villages and strengthen the leadership capabilities of
village cadres. Existing studies have shown that improving village
cadres’ leadership can enhance villagers’ trust in them, thus effectively
promoting farmers’ HSEIBs (Liu et al., 2022; Yi et al., 2024). Village
cadres are organizers and guides for farmers’ HSEIBs. They actively
mobilize farmers to scientifically treat sewage and use sanitary latrines
through organizing village meetings and conducting publicity
activities. At the same time, village cadres play a leading role in
participating in public affairs. Through their exemplary behavior in
environmental improvement, village cadres can encourage
surrounding farmers to improve RHSE (Zhang F et al., 2024).

In the context of rural acquaintance society, “face-to-face
supervision and criticism” may damage interpersonal relationships
and increase the emotional burden of farmers’ HSEIBs, potentially
becoming a barrier to their active involvement in environmental
governance (Zhang Y. et al., 2024). Fortunately, with the anonymous
supervision mechanism of online social platforms, it is possible to
effectively avoid the awkwardness and conflict caused by traditional
face-to-face governance models. On online platforms, villagers can
supervise each other while maintaining anonymity. This does not
prevent them from supporting each other, interacting frequently and
building a sense of trust. This trust, in turn, enhances their mutual
dependence and interaction frequency (Huxman and Vangen, 2005).
Trust not only helps reduce the costs of management and supervision
but also promotes the flow of information between different
organizations (Edelenbos and Klijn, 2007; Yuriev et al,, 2020).
Ultimately, this will contribute to shaping and maintaining the ethical
norms and social order of villages, reducing violations in
improving RHSE.

Hence, the following hypotheses are proposed:

HI: DVD can significantly improve farmers’ HSEIBs.

H2: DVD promotes farmers HSEIBs by fostering village
collective economic.

H3: DVD promotes farmers’ HSEIBs by increasing their income.

H4: DVD promotes farmers’ HSEIBs by fostering their policy

perception, trust in village cadres and neighbors.

3 Materials and methods
3.1 Source of data

The research data used in this article is sourced from the CLES
and the CDRI jointly released by CIRDNC and Alibaba Research
Institute. We ultimately selected the 2020 and 2021 CLES data, as well
as the corresponding CDRI data for the study.

The CLES is conducted by Nanjing Agricultural University in
Jiangsu Province, covering aspects like agricultural production,
household welfare and participation in public affairs. The survey uses
the PPS sampling method, first selecting two counties from each city
and then selecting households from two administrative villages in
each county. Given the significant economic disparities in the
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northern, central and southern regions of Jiangsu Province, the CLES
sample is nationally representative (Chen and Ye, 2024). The CDRI
database presents the development of digital rural areas in Chinese
counties, including the comprehensive index of DVD, four secondary
indicators and multiple tertiary indicators. For research purposes,
we matched these two databases based on the county address
information and removed samples with missing data for key variables,
resulting in 1054 observations of farm households.

3.2 Variables selection

The dependent variable is farmers’ HSEIBs. The treatment of
domestic sewage and the use of sanitary toilets are key priorities of
RHSE. Based on existing research (Shao et al., 2024; Zhang F. et al.,
2024), we measure farmers HSEIBs from the two aspects of
scientifically treating domestic sewage and using sanitary toilets.
Specifically, methods of domestic wastewater treatment primarily
include discharging into sewers, using dedicated containers for
collection, and direct discharge. We define the method of directly
discharging domestic wastewater as non-scientific treatment, while
other methods are considered scientific treatment. Regarding the use
of sanitary toilets, if a farming household has a toilet with harmless
treatment capabilities, it is considered that they are using a sanitary
toilet; otherwise, it is regarded as not using one.

The core explanatory variable is DVD. We adopt the
“comprehensive Index for Digital Village Development” to represent
it. In addition, in the exploration of heterogeneity, we also selected
four secondary indicators for analysis, including the “Rural
Infrastructure Digitalization Index,” “Rural Economic Digitalization

»

Index,” “Rural Governance Digitalization Index” and “Rural Life
Digitalization Index.”

For control variables, we refer to existing studies (Sun et al., 2020;
Lietal,2021;Li Z. etal, 2024) and research objectives and select the
following: household characteristics, including the gender, age,
education level and political status of the household head; family
characteristics including family size and the proportion of family labor
force; county-level characteristics, including per capita GDP and
population density. Notably, in China, the political status of whether
one is a Party member will affect their leading role in HSEIBs (Zhang
Y. et al., 2024).

Mechanism variables include three aspects. The first is the
development of village collective economy, represented by per capita
operating income and per capita environmental governance
expenditure in the village. The second is household income,
represented by the logarithm of per capita household income. The
third is social interaction variables, including farmers policy
perception, village cadres’ leadership and trust among villagers,
measured by farmers’ understanding of RHSE policies, farmers’ trust
in village cadres and farmers’ trust in neighbors, respectively.

3.3 Model construction

The empirical work mainly estimates the impact of county DVD
on farmers’ HSEIBs. HSEIBs in this study are binary dummy variables,
and the Probit model is often used. However, the efficient operation
of sanitation toilets typically relies on the availability and functionality
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of supporting public sewage infrastructure. Therefore, the toilet
renovation in rural areas is seamlessly integrated with domestic
wastewater treatment. Estimating the two behaviors of domestic
wastewater treatment and sanitary toilet use separately using a Probit
model fails to accurately capture their interaction and does not allow
for effective comparison (Zhang F et al., 2024). Considering the
interrelationship between two types of HSEIBs, we adopt Multivariate
probit (Mvprobit) models that can simultaneously handle multiple
binary choices. The models are specified as follows:

Yii = fo + BDVDy; + 11 X1 + 8 +0; + oy (1)

Y3; = fio + faDVDa; + 12 Xi + 5, +0; + an; @)

For the dependent variable, the equation can be set as:

Y=g DT> 001 (3)
0, otherwise

In Equations 1-3, ¥,;;=1 and Y,,;=0 indicate, respectively, that
farmers i adopt or do not adopt the 1, behavioral change in RHSE. ¥;;
and ¥5; denote, respectively, whether farmers i use a sanitary toilet and
whether they scientifically treat domestic wastewater. DVD; is the core
explanatory variable for the digital village development level of the
county. X; represents a series of control variables. J; denotes fixed
effects for cities. &; denotes fixed effects for years. f is the constant
term. @; is an error term that follows a multivariate normal
distribution with zero means and unit variances. By maximizing the
likelihood function in the above equation, we can obtain the estimated
parameter 3.

Then, to validate effects of enriching villages, enriching villagers
and social interaction, we construct the linear Ordinary Least Squares
(OLS) model, as follows:

MI/}:aO+a1DVD,~+(Z22i+5j +9j +é& (4)

In Equation 4, Mv; represents the per capita operating expenditure
and per capita environmental governance expenditure of the village
where household i is located, as well as the per capita household
income of household i. Additionally, it encapsulates the policy
perception, trust in village cadres and trust in neighbors of farmer i.
oy is a constant term. g is the random error term, o and a; are the
parameters to be estimated. The meanings of the other symbols are
roughly the same as in Equation 1.

In the application of OLS models, two points need to be clarified.
First, given that the income and expenditure variables are continuous,
we decided to use the OLS model. Prior to formally applying the OLS
model, we conducted preliminary regression analyses on the income
and expenditure variables separately and confirmed that these
variables meet the prerequisites of the OLS model, which specifically
include linearity, independence of observations, normal distribution
of residuals, homoscedasticity, and the absence of multicollinearity.
Second, regarding the variables related to social interaction
mechanisms, they fall into the category of ordinal categorical variables.
Ordinal logit models are typically an appropriate choice for such
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variables. However, following the study by Giineri et al. (2022), it is
necessary to verify the proportional odds assumption before using
ordinal logit models. Unfortunately, our data did not pass this test, and
even when attempting to use a generalized ordered logit model with
relaxed assumptions, the regression results failed to converge.
Therefore, we opted to use the OLS model for validation. The reason
is that, when the dependent variable is ordinal, if the model is correctly
specified, the econometric regression results from the OLS model,
including the coefficients and their significance levels, are substantively
not significantly different from those obtained through an ordinal
logit model (Ferrer-i-Carbonell and Frijters, 2004). Similarly, we also
conducted regression analyses on the variables related to policy
perception and trust, and confirmed that they satisfy the prerequisites
of the OLS model.

Descriptive statistics of the main variables in the empirical
analysis are shown in Table 1. Meanwhile, to visually observe the
positive correlation between DVD and farmers’ HSEIBs,
we conducted comparisons of differences between groups. The
results are presented in Table 2. Overall, the results are as expected.
However, these results have not considered the interference of other
factors and thus require further empirical analysis. It is worth
noting that the test between groups for using sanitary toilet did not
pass, which indirectly reflects the necessity of establishing the

TABLE 1 Descriptive statistics of main variables.

Variable

Definition

10.3389/fsufs.2024.1526399

Mvprobit model. That is, the use of sanitary toilet relies on the
establishment of a sewage system.

4 Results and discussion
4.1 Baseline regression analysis

Table 3 reports the impact of DVD on farmers’ HSEIBs. Columns
(1) and (2) report the estimation results of Probit models, while columns
(3) and (4) report the estimation results of the Mvprobit regression.
Mvprobit models revealed that the correlation coefficient between
farmers’ use of sanitation toilets and domestic wastewater treatment was
0.370, significant at the 1% level. This suggests a strong association
between farmers’ HSEIBs, indicating that the adoption of sanitary toilets
is often accompanied by the scientific treatment of domestic wastewater.
Regression results in columns (3) and (4) show that DVD significantly
increases the probability of scientifically treating domestic wastewater
and using sanitary toilets. Based on the above analysis, H1 is confirmed.

According to the results of controlling variables, households
with a higher level of education are more likely to use sanitary
toilets, which is consistent with previous research findings (Sun
et al, 2020). The reason lies in two main aspects. On the one hand,

Observations Mean Std. dev

Explained variable

Domestic wastewater Scientific sewage treatment method = 1, 0 otherwise 1,054 0.807 0.395
Sanitary toilets Using sanitary toilet = 1, 0 otherwise 1,054 0.837 0.370
Core explanatory variable
DVD Comprehensive index of digital village development in the counties (0-100) 1,054 71.667 7.491
Household characteristics
Gender Gender of the household head: male = 1, 0 otherwise 1,054 0.926 0.262
Age Age of the household head (years) 1,054 65.842 9.571
Education Years of education of the household head (years) 1,054 6.899 3.736
Political status Household head is a member of the Communist Party of China =1, 0 1054 0334 0472

otherwise
Household size Family population (Individuals) 1,054 4.652 1.429
Labor force ratio Labor force size/household size (%) 1,054 5.651 17.846
County characteristics
LnGDP GDP (logarithm) 1,054 15.874 0.364
Population density Population/administrative area (logarithm) 1,054 0.056 0.021
Mechanism variables
Village operating income Village operating income/village population (logarithm) 924 4.381 1.970
Village environmental

Village environmental governance expenditure/village population (logarithm) 998 2.936 1.773
governance expenditure
Farmer household income Per capita income (logarithm) 622 8.138 1.336
Perception of human settlement

From unclear to very clear (1-5) 1,054 2.728 1.257
environment policies
Trust in village cadres From distrust to very trust (1-5) 978 4.098 0.759
Trust in neighbors From distrust to very trust (1-5) 978 4.054 0.757
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TABLE 2 Differences in farmers’ HSEIBs between groups.

High level of DVD

Low level of DVD Difference in

(observations = 818) (observations = 236) means
Scientific sewage treatment (Yes = 1, No = 0) 0.820 0.763 0.057°%*
Using sanitary toilet (Yes = 1, No = 0) 0.843 0.835 0.008
Scientific sewage treatment and using sanitary toilet (both = 2, either = 1; 0
1.655 1.606 0.049*
otherwise)

(1) We used the CDRI from Jiangsu Province in 2019, with the average DVD value being approximately 65. Based on this benchmark, the samples were categorized into two groups: high level
of DVD and low level of DVD; (2) **p < 0.05, *p < 0.10.

TABLE 3 Baseline regression results.

Probit Mvprobit
Variables (1) )] (3) (4)
Sanitary toilets Domestic wastewater Sanitary toilets Domestic wastewater
0.094%** 0.097%** 0.093%** 0.098%**
DVD
(0.008) (0.006) (0.008) (0.006)
—-0.023 —0.142 —0.031 —0.169
Gender
(0.174) (0.247) (0.178) (0.252)
—0.000 0.002 —0.001 0.001
Age
(0.008) (0.006) (0.008) (0.006)
0.045%** 0.018 0.044%** 0.017
Education
(0.017) (0.018) (0.016) (0.018)
0.111 —0.028 0.119 —-0.019
Political affiliation
(0.127) (0.094) (0.123) (0.091)
0.062 0.072% 0.059 0.071
Household size
(0.041) (0.042) (0.041) (0.043)
0.226 0.252 0.214 0.248
Labor force ratio
(0.231) (0.196) (0.239) (0.201)
—1.706%#% —0.765%** —1.761%%* —0.8007%#%*
LnGDP
(0.138) (0.087) (0.114) (0.083)
3.066%** —4.678%** 3.559%#% —4.707%%%
Population density
(0.960) (1.125) (1.016) (1.138)
Year FE YES YES YES YES
City FE YES YES YES YES
19.754%%* 5.124%%% 24.101%%* 7.730%%*
Constant
(1.389) (1.113) (1.211) (1.171)
0.370%**
atrho21
(0.052)
Chi? (1) 28.165
p-value 0.000
Observations 1,054 1,054 1,054 1,054

(1) ##%p < 0.01, *#p < 0.05, *p < 0.10; (2) county clustering standard error are presented in parentheses. These also apply to the tables below.

individuals with higher education levels possess more health
knowledge and have a deeper understanding of the health risks
associated with not using sanitary toilets. On the other hand, they
generally have a stronger awareness of environmental protection
and sustainable development, and are more clearly aware of the
negative impacts that unhygienic waste disposal can have on the
environment. Therefore, they are more likely to choose
environmentally friendly sanitation facilities. In addition, the
estimated coefficient of per capita GDP at the county level is
significantly negative. This may be due to some regions prioritizing
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GDP growth while neglecting environmental protection (Duan
et al, 2024), lacking public investment in environmental
governance, which is not conducive to HSEIBs.

4.2 Robustness test
Firstly, replacing the dependent variable. We use “farmers’

satisfaction with the ecological livability of their village” as a
substitute variable for farmers’ HSEIBs. This is because if DVD
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TABLE 4 Robustness test results I.

Replace the explained variable

10.3389/fsufs.2024.1526399

Delete the civilized village samples

Variables (1) (2) (3)
Ecological satisfaction Sanitary toilet Domestic wastewater
0.042%#* 0.057°%#* 0.044 %%
DVD
(0.003) (0.002) (0.002)
Baseline controls Yes Yes Yes
0.409%#%*
atrho21
(0.101)
Chi (1) 13.470
p-value 0.000
18.428%%* —2.773%%* —3.141%%*
Constant
(0.368) (1.129) (0.885)
R-squared 0.094
Observations 1,054 312 312

TABLE 5 Robustness test results Il.

Sanitary toilet Coefficient

Set 1 0.010
Set 1-3: 1.833

Set 2 0.011 ‘
Set 2-3: 2.000

Set 3 0.022 ‘

Domestic Coefficient

wastewater

Set 1 0.021
Set 1-3: 3.333

Set 2 0.021 ‘
Set 2-3: 3.333

Set 3 0.030 ‘

Set 1 (the core explanatory variable), Set 2 (the core explanatory variable and household
variables), Set 3 (the core explanatory variable and all control variables).

improves RHSE, it will ultimately enhance farmers’ satisfaction with
the ecological livability of their village. Given that the categorical
variable did not satisfy the parallel regression assumption of the
ordinal probit model, but did meet the prerequisites of the OLS
model, we chose to use the OLS model for regression analysis.
Secondly, eliminating potential sources of interference. Farmers’
HSEIBs may be influenced by the level of village development. For
instance, villages that have been awarded the title of “Civilized
Village” generally possess a higher level of ecological civilization
construction, which in turn encourages farmers’ actions to be more
environmentally friendly. Thus, we exclude the sample of civilized
villages. The empirical estimation results are shown in Table 4. The
estimated coefficients of DVD are all positive and statistically
significant. In conclusion, the results of the benchmark regression can
be considered robust.

Although a range of control variables were selected in the baseline
regression, there may still be potential omitted variable bias. Thus,
we conducted an omitted variable bias test. Specifically, based on the
sensitivity analysis used in existing studies (Aidt and Franck, 2015;
Li X. H. etal,, 2024), the Ratio coefficient is constructed to identify the
strength of bias caused by unobservable variables through observable
variables. The Ratio coefficient is constructed as follows:
Ratio =/ 35 / ([32 - fﬁ) [. B2 and Pi represent the estimated
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coeficients of the core explanatory variables under all possible control
sets and finite variable sets, respectively. When Ratio > 1, it can
be considered that the selected observable variables have strong
explanatory power and potential omitted variable bias can be ignored.

Due to the complexity of the probit model, the OLS model can
be used here to estimate the ratio parameter. As shown in Table 5, the
minimum Ratio value calculated for different sets is 1.833, indicating
that if the interference of omitted variables is considered, the
explanatory power is at least 1.83 times that of the selected control
variables. Therefore, it can be considered that the impact of omitted
variables on the regression results is relatively small.

4.3 Mechanism test

As evidenced by theoretical analysis, DVD can promote farmers’
HSEIBs through effects of enriching villages, enriching villagers and
social interaction. Based on Equation 4, we further conduct
empirical analysis and the regression results are shown in Tables 6,
7.1t is worth noting that some mechanism variables are missing, so
the regression sample and the benchmark regression are not
completely consistent.

In Table 6, the impact coefficients of DVD in columns (1)-(3) are
all positive and have passed the significance test. With the
advancement of DVD, the financial strength of villages has been
enhanced, which has led to an increase in public expenditure on
environmental governance in villages, meaning the “first part”
investment in RHSE. At the same time, DVD also creates favorable
conditions for increasing farmers’” income, providing a foundation for
the “second part” investment. Therefore, H2 and H3 are verified.

Table 7 columns (1)-(3) report the estimated results of DVD on
policy perception, trust in village cadres and trust in neighbors, with
coefficients of 0.045, 0.060 and 0.042, respectively, all passing the
significance test at the 1% level. Thus, H4 is confirmed.

Existing studies mostly focus on social interaction mechanisms.
For example, Liu et al. (2022) and Yi et al. (2024) explore how to
promote farmers’ HSEIBs, from the perspectives of village cadres’
public service motivation and leadership. Sun et al. (2020)
investigated the willingness and behavior of farmers to improve
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TABLE 6 Results of mechanism analysis I.

10.3389/fsufs.2024.1526399

TABLE 7 Results of mechanism analysis I1.

(1) (2) (3) (1) (2) (3)
Village Village Rural Perception of Trust in Trust in
" operating  environmental household ] human settlement village  neighbors
Variables ! : Variables ]
income governance income environment cadres
expenditure policies
0.570%%% 0.252%%% 0.020%%% 0.051%%% 0.042%%% 0.031 %%
DVD DVD
(0.007) (0.007) (0.005) (0.002) (0.005) (0.003)
Baseline Yes Yes Yes Baseline Yes Yes Yes
controls Controls
97.245%%% —88.963% 17.346%%% 2,939 18.589% 23.208%
Constant Constant
(1.444) (1.544) (2.777) (0.729) (0.724) (0.696)
R-squared 0.660 0.575 0.407 R-squared 0.152 0.061 0.080
Observations 924 998 622 Observations 1,054 978 978

RHSE from the dual perspectives of social norms and social
supervision. Unlike previous studies, our analysis is grounded in the
“two-part tariff” model for RHSE, which reflects both club goods’
characteristics and the collective action dynamics. It not only
embraces the social interaction mechanisms highlighted in prior
research, but innovatively examines economic mechanisms, thereby
offering a more comprehensive perspective.

4.4 Heterogeneity analysis

4.4.1 The digital divide dimension

Farmers’ HSEIBs face constraints due to factors such as low
digital literacy and limited access to information. Influenced by
traditional production and lifestyle for a long time, the elderly
population in rural areas faces shortcomings in information
access, which limits their acceptance and application of digital
technology (Chen et al.,, 2023). At the same time, the insufficient
digital literacy of elderly residents further exacerbates the digital
divide, making it difficult for them to fully enjoy the benefits of the
digital age, thereby reducing their attention to RHSE (Liu
et al.,, 2023).

We defined individuals aged 60 and above as seniors, and
classified households based on the proportion of senior citizens in
each household. Subsequently, we conducted regression analysis,
the results of which are presented in Table 8. It is not difficult to
discern that in households with a relatively low proportion of elders,
DVD has significantly increased the probabilities of both types of
HSEIBs. However, in households with a higher proportion of elderly
people, DVD only has a significant impact on the use of sanitary
toilets and does not significantly promote the scientific treatment of
domestic sewage. The possible reason is that, the promotion of rural
toilet improvement as a nationwide activity is not influenced by the
degree of aging. On the other hand, there is no mandatory
requirement for domestic sewage treatment and under the economic
burden and cognitive limitations caused by aging, rural households
have a relatively low willingness to treat domestic sewage (Zhang
I et al, 2024). These findings highlight the challenges faced by the
elderly population in the rural digitalization process, which are in
line with existing research conclusions (Wang et al., 2023; Wei et al.,
2024). For rural seniors, barriers in the application of digital
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technologies stand out and future policies must focus on addressing
this issue.

4.4.2 The dimension of digital rural development

Although the basic regression analysis has verified the positive
effects of DVD on farmers’ HSEIBs, further exploration is needed to
assess the impact of various dimensions of DVD, with a view to better
advancing digital village construction. We employed four secondary
indicators of DVD as core explanatory variables to regress on
farmers’ HSEIBs.

The results are shown in Table 9. The four secondary indicators of
DVD can significantly promote farmers’ HSEIBs, all passing the 1%
significance test. However, the impact coefficient of digital village
governance is several times smaller than that of the other three
dimensions. Potential reasons may include two aspects: First, the
digitalization of rural infrastructure has built a bridge connecting
rural areas to the outside world, promoting the widespread application
of digital technology in daily life (Salemink et al., 2017; Meyn, 2020).
This not only enhances the digital literacy of farmers but also provides
a solid foundation for the vigorous development of rural digital
economy, thereby promoting the “two-part investment” in
RHSE. Second, the digitalization of rural governance is mainly
reflected in the optimization of administrative processes and the
improvement of service quality (Chen and Ye, 2024), but specific
measures directly related to RHSE, such as the construction and
maintenance of sewage infrastructure, toilet pipeline maintenance,
have not been its focus.

Therefore, policymakers should pay high attention to the balanced
development of various aspects, especially increasing investment and
guidance in the digitalization of rural governance related to RHSE, to
ensure the comprehensiveness and effectiveness of DVD when
promoting the digital rural strategy.

5 Conclusion and implications

As digital village construction progresses, digital technology
presents new opportunities for innovating environmental
governance models and enhancing the quality of RHSE. Employing
the 2020 and 2021 CLES panel data, we matched them with CDRI
and delved into the impact of DVD on farmer’s HSEIBs. Research
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TABLE 8 The results of the heterogenous analysis I.

Low elderly ratio

10.3389/fsufs.2024.1526399

High elderly ratio

Variables (] (2) (3) (4)
Sanitary toilet Domestic wastewater Sanitary toilet Domestic wastewater
0.105%* 0.115%* 0.086% 0.012
DVD
(0.010) (0.010) (0.010) (0.016)
Baseline controls Yes Yes Yes Yes
0.3327%% 0.356%*
atrho21
(0.111) (0.096)
Chi? (1) 11.466 11.914
P-value 0.001 0.001
3.224 19.504% 39,898 —21.813%##
Constant
(2.078) (2.439) (2.033) (3.191)
Observations 617 617 437 437

TABLE 9 The results of the heterogenous analysis Il.

(2) (2) (3) (4)
Variables Sanitary toilet Domestic wastewater Sanitary toilet Domestic wastewater
Panel A
Digitalization of rural 0.171 %% 0.182%%*
infrastructure (0.014) (0.011)
Panel B
Digitalization of the rural 0.447%%* 0.475%%%*
economy (0.038) (0.028)
Baseline Controls Yes Yes Yes Yes
atrho21 0.370%%* 0.370%%*
(0.052) (0.052)
Chi? (1) 28.165 28.165
P-value 0.000 0.000
Constant 37.116%%* 22.199%%% —79.016%%* —99.025%%%
(1.993) (1.688) (8.073) (5.822)
Observations 1,054 1,054 1,054 1,054
Panel C
Digitalization of rural 0.019%%* 0.020%**
governance (0.002) (0.001)
Panel D
Digitalization of rural life 0.218%%* 0.2327%#%
(0.018) (0.014)
Baseline controls Yes Yes Yes Yes
atrho21 0.370%%* 0.370%%*
(0.052) (0.052)
Chi? (1) 28.165 28.165
P-value 0.000 0.000
Constant 26.889%7%% 10.689%#%* 80.797%#%% 67.887%%%
(1.335) (1.266) (5.453) (4.251)
Observations 1,054 1,054 1,054 1,054
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findings show that DVD has significantly increased the likelihood
of farmers scientifically treating domestic sewage and using sanitary
toilets, passing a series of robustness tests. Positive effects are
mainly achieved through three mechanisms: the effect of enriching
villages, where DVD promotes village collective economy, thereby
supporting the improvement of RHSE; the effect of enriching
villagers, where the increase in farmers income lays a solid
economic foundation for improving settlement conditions; and the
effect of social interaction, where digital technology enhances
farmers’ perception of RHSE policies, the leadership of village
cadres and trust among villagers, thereby promoting farmers’
HSEIBs. Heterogeneity analysis shows that in households with a
higher proportion of elderly people, DVD only has a significant
impact on the use of sanitary toilets and does not significantly foster
the scientific treatment of domestic sewage. In addition, when
we divide DVD into different dimensions, whether it is the
digitization of rural infrastructure, rural economy, rural life, or
rural governance, it can effectively promote HSEIBs, however, the
marginal contribution of digital village governance is
relatively small.

The research results emphasize the importance of linking
farmer’s HSEIBs with DVD and provide the following insights:
first, in the process of promoting digital villages, the government
should continuously increase investment in the digitization of
rural infrastructure, rural economy and rural life, using digital
technology to empower RHSE. Meanwhile, strengthen investment
in the digitization of rural governance related to HSEIBs, fully
of digital
environmental governance while pursuing administrative

leveraging effectiveness rural governance in
efficiency and service quality improvement. Secondly, beware of
the “digital dependency trap.” Although digital tools play an
important role in farmer’s HSEIBs, not all challenges can be solved
solely by technological means. Regardless of technological
advances, their effectiveness still depends on human agency.
Therefore, Improving RHSE still needs to leverage the agency of
grassroots cadres and the public. Finally, constantly improve
specific measures for empowering HSEIBs with digital tools based
on the differences among target groups. For example, the elderly
have limited acceptance of new technologies, so user-friendly and
intelligent applications that meet the needs of the elderly can
be promoted.

Although this study provides important value for promoting
farmer’s HSEIBs, there are still some limitations. On one hand, the
CLES encompasses economically diverse regions within Jiangsu
Province. However, its applicability may be limited to rural areas with
significant geographical and cultural disparities. On the other hand,
we primarily focused on the combined effects of domestic wastewater
treatment and toilet rehabilitation in preventing waterbody pollution.
However, it did not give sufficient attention and discussion to the
effective management of solid waste, particularly the crucial step of
waste segregation.
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