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Abstract: Accurate identification of the influencing factors and the mechanisms of the willingness-
behavior paradox in rural residents in waste separation is conducive to stimulating rural residents
to participate in rural environmental governance, which is important for solving the willingness-
behavior paradox problem. By using CLES data, we analyzed the factors influencing rural residents’
willingness to separate garbage and behavioral paradoxes using the combined LOGIT-ISM-MICMAC
model. The results of the study showed that (1) the regression results showed that eight factors,
including publicity means, reward and punishment means, policy effect perception, villagers’ environ-
mental protection behavior perception, gender, age, socio-economic status, and ecological livability
status, affect the paradox of villagers’ willingness to separate garbage and behavior; (2) the results of
the ISM model show that there are four main transmission paths, and the commonality lies in the
common transmission paths of “policy publicity effect factor, villagers’ perception of environmental
protection behavior, village ecological habitability, and deviation of willingness and behavior”; (3) the
results of MICMAC model show that we should focus on strengthening the ecological habitat of
villages, ensuring the effectiveness of policy promotion, and encouraging villagers’ environmental
protection behavior to reduce the deviation of rural residents’ behavior and intention.

Keywords: waste separation; behavior; willingness; paradox; rural environment

1. Introduction

Ecological livability is one of the main goals of the rural revitalization strategy. To
achieve the goal of ecological livability in rural areas, it is not only necessary to speed up
the treatment of rural sewage and rural toilet revolution, but also the treatment of rural
domestic garbage is an important part of achieving the goal of ecological livability. In
China’s Five-Year Action Plan for the Improvement and Enhancement of Rural Habitat
Environment (2021–2025), it is also mentioned that “we should accelerate the source
classification and reduction in rural domestic garbage, actively explore classification and
treatment modes that meet the characteristics of rural areas and farmers’ habits and are
simple and easy to implement, and reduce the amount of garbage disposed of out of
villages.” It is urgent that we explore the sustainable treatment mode of rural garbage.
Currently, there are a variety of rural domestic waste treatment models in China, but
the different rural domestic waste treatment model’s governance efficiency is not much
improved [1]. How to stimulate the vitality and improve the efficiency of rural household
waste treatment models? It has been pointed out that the efficiency of rural household
waste treatment models requires strengthening the regulatory role of the government and
the participation of rural residents [2]. However, the overall level of participation of rural
residents is generally low, and there is a discrepancy between willingness to participate
and participation behavior, mainly showing the characteristics of “high willingness-low
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behavior” [3]. In this regard, it is of practical and theoretical significance to study how to
promote the transformation from willingness to behavior and to study the reasons and
influencing factors of the deviation between willingness and participation behavior to
promote the efficiency of rural household waste management model, which is also the key
to promote rural household waste management.

To study the reasons for the deviation of willingness and behavior, it is important to un-
derstand what factors influence willingness and behavior. Social behavior and planned be-
havior theories suggest that individuals have a strong consistency between their intentions
and behaviors. So why do intentions and behaviors diverge? Studies have been conducted
to investigate the factors influencing willingness and behavior and willingness-behavior
paradoxes in terms of different categories of willingness and behavior and willingness-
behavior paradoxes, mainly in terms of three cognitive dimensions based on the theory of
planned behavior [4,5], autonomous and embedded factors under the social embedding
theory [6], two dimensions of external and internal environment [7], and individual charac-
teristics and family characteristics to investigate the influence of willingness and behavior
and willingness-behavior paradoxes factors. Among them, studies on waste separation in
developing countries show that household economic and social welfare [8], the amount
and distance of infrastructure for waste disposal [9], and neighborhood factors [10] are
important factors influencing willingness and behavior to separate waste. For developed
countries, empirical studies in Taiwan and Japan have shown that incentives [11] and
coercive measures [12] are important factors influencing the willingness and behavior of
waste separation. There are also studies by examining the factors influencing household
recycling behavior in Western European countries and comparing them with household
recycling behavior in the U.S. The results show that socioeconomic factors and incentive
policies affect household recycling behavior, and household recycling behavior in Western
European countries is more influenced by incentive policies, and although Americans’
recycling behavior is also influenced by policy factors [13], compared with Western Euro-
pean countries, U.S. household recycling behavior is more influenced by socioeconomic
conditions and infrastructure than in Western European countries [14].

The existing studies have provided important references for analyzing the causal
factors and influencing factors of willingness and behavioral deviance of rural residents
in waste sorting, but the following issues still need to be further explored: (1) scholars
have studied the causes of willingness and behavioral deviance of urban residents in waste
sorting, but there is a lack of research on willingness and behavioral deviance of rural
residents in waste sorting. (2) Among the research dimensions based on existing studies,
although the theory of social embeddedness incorporates the cognitive factors of the theory
of planned behavior and considers the influencing factors of external environment, it still
lacks the exploration of the factors of village characteristics. Therefore, we need to enrich
and improve the theory of social embeddedness. (3) At present, relevant studies often use
the logit-ISM combination model to analyze the influencing factors of willingness-behavior
paradox and the research path of influencing factors, but they lack the in-depth discussion
of the importance of influencing factors. Based on this, the logit-ISM model is further
deepened to the LOGIT-ISM-MICMAC model to investigate the strength of the influence
factors on the overall system. Based on the research dimensions of existing research and
considering the availability of data, we will fully incorporate the influence factors and add
variables of village characteristics so as to further improve the study of rural residents’
willingness to sort garbage and behavior paradox.

2. Research Methods, Data Sources and Variable Selection
2.1. Research Methodology

The reason for using the combined LOGIT-ISM-MICMAC model is that the traditional
econometric model can identify the causal relationship between the influencing factors,
and the ISM model can further investigate the transmission path between the influencing
factors with a causal relationship. The MICMAC model can identify the strength of the
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influencing factors based on the results of the ISM model and can further investigate the
importance of the influencing factors in the overall system and propose countermeasures
and suggestions in a more targeted manner.

2.1.1. Logit Model

Logit model can solve the problem of non-normality of independent variables and
is suitable for non-linear situation. The dependent variable in the paper is whether rural
residents’ willingness to participate in waste separation is contrary to their behavior, which
is a dichotomous variable, so the logit model is chosen for analysis, and the specific model
is as follows.

Yi = ln
(

Pi
1− Pi

)
= β0 + β1X1 + β2X2 + . . . + βnXn + ε (1)

In the Equation (1), it denotes the paradox of rural residents’ willingness to separate
garbage from their behavior, where the probability of Yi taking 1 is Pi and the probability of
Yi taking 0 is 1− Pi. The Yi denotes the paradoxical situation between the willingness and
behavior of rural residents to separate garbage, and Xn (n = 1, 2, . . . n) denotes the possible
factors that may influence the deviation between the willingness and behavior of rural
residents to separate garbage, and βn(n = 1, 2, . . . , n) denotes the regression coefficient of
the nth independent variable, and ε denotes the random error term.

2.1.2. ISM Model

The Interpretative Structural Modeling (ISM) Model is usually used to study the
structure and hierarchical relationship of the elements within the system [15] based on
the combination of logit regression results and the experience of experts and scholars; the
influence factors with a large number of variables and complex structural relationships are
stratified and graded as a way to explore in depth the conduction path of the influence
factors and the hierarchy of each factor in the system of rural residents’ willingness to
separate waste and behavior paradox. The specific operation is to identify the causal
relationship between each influencing factor and form the adjacency matrix, then calculate
the reachable matrix according to Boolean operation and obtain the conduction path of
influencing factors through the hierarchical decomposition of the reachable matrix [16].

The adjacency matrix needs to be derived from the logical relationship between the
influencing factors. The logical relationship between the influencing factors is whether any
two influencing factors will affect each other. The components of the adjacency matrix A
are defined as follows:

aij =

{
1 Si and Sj are related
0 Si and Sj are not related

(2)

where i = 1, 2, ···, n, the j = 1, 2, ···, n.
With the help of Boolean operators, the adjacency matrix A can be transformed into a

reachable matrix M, I is the unit matrix, which is calculated as follows:

M = (A + I)λ+1 = (A + I)λ 6= (A + I)λ−1 (3)

The hierarchical elements from the top to the bottom of the hierarchy are determined
in the following manner:

L = {Si|P(Si) ∩Q(Si) = C(Si)} (4)

where P(Si) is the reachable set, which is the set consisting of all the columns with matrix
element 1 in the row corresponding to the influencing factor Si in the reachable matrix M.
Q(Si) is the prior set, which is the set consisting of all the rows with matrix element 1 in
the column corresponding to the influencing element Si in the reachable matrix M, whose
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intersection is defined as C(Si). All the elements in P(Si) corresponding to the influencing
factor are top-level elements when and only when P(Si) ∩Q(Si), and then the top-level
elements are eliminated. Continue this step until the bottom level.

2.1.3. MICMAC Model

Based on the results of hierarchical division of influencing factors by the ISM model,
the MICMAC analysis method is used to make a deep analysis of the position and role
of influencing factors by calculating the dependency and drive of each influencing factor
and to propose corresponding countermeasures and suggestions. On the basis of obtaining
the reachable matrix M, MICMAC analysis is conducted. Dependency is the number of
elements corresponding to the column in which each factor in M is located as 1, and drive
is the number of elements corresponding to the row in which each factor in M is located
as 1. And from this, all indicators can be divided into five regions: I (autonomous factor), II
(dependent factor), III (associated factor), IV (driver), and V (adjustment factor) [17]. The
specific formulae for calculating dependence and drive are as follows:

Ej =
n

∑
i=1

mij(j = 1, 2, ···, n) (5)

Fi =
n

∑
j=1

mij(i = 1, 2, ···, n) (6)

In Equations (5) and (6), Ej is the dependency; Fi is the driving force, the mij is denoted
as the influence factor in the reachable matrix M.

2.2. Data Sources

The China Land Economic Survey (CLES) was founded by the Humanities and Social
Sciences Division of Nanjing Agricultural University in 2020, and the Jinshanbao Institute
of Agricultural Modernization assisted in implementing the survey. The team established
and surveyed fixed observation sites in rural Jiangsu Province to comprehensively analyze
the current situation of rural, social, and economic development in Jiangsu. The survey
questionnaire covers land market, agricultural production, rural industry, ecological en-
vironment, poverty alleviation, and rural finance. The survey adopts PPS sampling, and
26 research districts and counties are selected among 13 prefecture-level cities in the Jiangsu
Province, 2 sample townships are selected in each district and county, 1 administrative
village is selected in each township, and 50 farming households are randomly selected in
each village. The total sample was 52 administrative villages and 2600 farming households.
According to the purpose of the study and the screening of the questionnaires, the ques-
tionnaire samples with missing values were excluded, and finally, 2204 valid questionnaire
samples were obtained.

2.3. Variable Selection

Based on the purpose of the study and related research literature, the difference be-
tween willingness to participate and participation behavior was selected as the dependent
variable, and the remaining possible influencing factors were divided into five categories:
individual characteristics, family characteristics, village characteristics, external environ-
ment, and internal factors, with a total of 22 variables. Among them, “Do you know
about rural habitat improvement?” and “Do you know about rural living environment
improvement?” were selected as the policy effect perceptions. and “Do you know about
rural household waste classification?” Two questions were obtained by entropy method
(see Table 1 for details).
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Table 1. Descriptive statistics table.

Variable Name Meaning and Assignment Average
Value

Standard
Deviation

Dependent
variable

Deviation of willful
behavior

Do intentions and behaviors contradict each other?
0 = contradictory; 1 = no contradiction. Use the questions
“Are you willing to sort your household waste? (1 = yes;

0 = no)” and “Do you separate your household waste?
(1 = yes; 0 = no)”, the groups with willingness without
behavior and without willingness with behavior were

defined as contradictory, and the groups with
willingness with behavior and without willingness

without behavior were defined as non-contradictory.

0.530 0.499

Individual
Characteristics

Gender 0 = Female; 1 = Male 0.714 0.452
Age Continuous variables (weeks of age) 60.655 11.376

Education level Continuous variables (years) 7.164 3.829

Health Status 1 = incapacitated; 2 = poor; 3 = moderate; 4 = good;
5 = excellent 3.948 1.057

Socio-economic status
How do you feel about your local economic status?

1 = Very low; 2 = Low; 3 = Ordinary; 4 = High;
5 = Very high

2.936 0.707

Family
Characteristics

Resident population How many people live in your household (6 months of
the year or more)? (people) 3.236 1.651

Availability of cadres 0 = none; 1 = yes 0.156 0.363
Whether there are

party members 0 = none; 1 = yes 0.309 0.462

Are you religious 0 = none; 1 = yes 0.062 0.241

Village Features

Industrial prosperity

Satisfaction with the prosperity of industries in this
village (industrial layout, vitality of industrial

development, driving employment of rural residents,
etc.). 1 = very dissatisfied; 2 = less satisfied; 3 = fair;

4 = more satisfied; 5 = very satisfied

3.446 0.967

Ecological Livability

Satisfaction with the ecological livability of the village
(village appearance, living convenience, sewage and

garbage management, air quality, etc.). 1 = very
dissatisfied; 2 = less satisfied; 3 = fair; 4 = more satisfied;

5 = very satisfied

4.109 0.733

Countryside
Civilization

Satisfaction with the village’s rural culture and
civilization (rural ideological and moral construction,

quality of compulsory education, quality of services of
the village integrated cultural service center, etc.).

1 = very dissatisfied; 2 = less satisfied; 3 = fairly satisfied;
4 = more satisfied; 5 = very satisfied

4.019 0.730

Effective governance

Satisfaction with the effectiveness of governance in this
village (village leadership, security management in the

village, openness of village affairs, etc.).
1 = very dissatisfied; 2 = less satisfied; 3 = fair; 4 = more

satisfied; 5 = very satisfied

4.080 0.751

External
Environment

Promotional Tools Has the government publicized the separation of rural
household waste? 0 = No; 1 = Yes 0.868 0.338

Reward and
punishment means

Regarding the separation of rural household waste, has
the government implemented incentives and penalties?

0 = No; 1 = Yes
0.211 0.408

Internal factors Importance Perception

Do you agree that the separation of domestic waste has a
positive effect on the improvement of the rural

environment? 1 = Don’t agree at all; 2 = Don’t agree very
much; 3 = Generally agree; 4 = Like to agree;

5 = Completely agree

4.312 0.935
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Table 1. Cont.

Variable Name Meaning and Assignment Average
Value

Standard
Deviation

Policy Effect Perception Entropy method of finding values, continuous variables,
the higher the value the stronger the perception 3.006 1.060

Perceived
environmental

behavior of villagers

Your attitude towards other villagers’ environmental
behavior? 1 = disagree; 2 = fair; 3 = strongly agree 2.500 0.531

Blood Trust
Level of trust in relatives? 1 = very distrustful;

2 = relatively distrustful; 3 = fair; 4 = relatively trusting;
5 = relatively trusting

4.271 0.775

Geographic Trust
Level of trust in neighbors? 1 = very distrustful;

2 = relatively distrustful; 3 = average; 4 = relatively
trustful; 5 = very trustful

4.009 0.772

Cadre Trust
Level of trust in village officials? 1 = very distrustful;

2 = relatively distrustful; 3 = fair; 4 = relatively trusting;
5 = relatively trusting

4.056 0.803

Social Networks Number of your mobile contacts (people) 101.546 450.202

3. Results and Analysis
3.1. Analysis of the Factors Influencing the Paradox of Rural Residents’ Willingness and Behavior
to Separate Garbage

A binary Logit model was established for the factors influencing the paradoxical be-
havior and willingness of rural residents to separate garbage, and 2204 data were processed
using Stata. Meanwhile, to ensure the robustness of the model results, the Probit model
was used to replace the Logit model for robustness testing, and the results of the two
models remained consistent overall, proving the robustness of the Logit model results (the
estimation results of the Logit model are detailed in Table 2).

Table 2. Model regression results.

Variable Category Variable Name Coefficient Standard Deviation p-Value

Individual
Characteristics

Gender −0.197 0.115 0.086 *
Age −0.019 0.005 0.000 ***

Education level 0.008 0.015 0.604
Health Status −0.026 0.049 0.599

Socio-economic status 0.212 0.070 0.003 ***

Family
Characteristics

Resident population −0.036 0.029 0.225
Availability of cadres −0.155 0.142 0.278

Whether there are party members −0.026 0.113 0.821
Are you religious? −0.065 0.203 0.749

Village Features

Industrial prosperity 0.019 0.054 0.725
Ecological Livability 0.248 0.083 0.003 ***

Countryside Civilization −0.128 0.088 0.144
Effective governance 0.008 0.081 0.924

External
Environment

Promotional Tools 1.048 0.162 0.000 ***
Reward and punishment means 1.161 0.131 0.000 ***

Internal factors

Importance Perception −0.020 0.053 0.702
Policy Effect Perception 0.362 0.053 0.000 ***

Perceived environmental behavior of villagers 0.503 0.092 0.000 ***
Blood Trust −0.086 0.083 0.297

Geographic Trust −0.023 0.086 0.786
Cadre Trust 0.043 0.077 0.578

Social Networks 0.000 0.000 0.273
Constant term −2.685 0.591 0.000 ***

R2 0.138

Note: (1) *, *** indicate that each variable is significant at the 10%, and 1% levels, respectively.
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(1) Individual characteristics. The gender variable significantly affects the deviation of
rural residents’ willingness to separate garbage and behavior at the 10% level, indicating
that there is a gender difference in the deviation of rural residents’ willingness to separate
garbage and behavior, and the degree of deviation is higher for males than females, which
may be explained by the fact that males are less involved in household activities and females
are mainly responsible for household activities, thus leading to the gender difference in
the deviation of behavior. The age variable negatively affects the deviation between the
willingness and behavior of rural residents at the 1% level, indicating that the older the
rural residents are, the higher the deviation between their willingness and behavior, which
may be explained by the fact that the older the rural residents tend to be retired or retired
from work and have more free time for waste separation in general, but their knowledge or
understanding of waste separation is insufficient. The lack of knowledge or understanding
of waste separation leads to a deviation in their willingness and behavior. Socio-economic
status also positively influenced the deviation between the willingness and behavior of rural
residents at the 1% level, indicating that rural residents with better economic conditions
have lower deviation between their willingness and behavior, indicating they are more
willing to participate in waste separation activities.

(2) Village characteristics. The ecological livability variable positively and significantly
affects the deviation between rural residents’ willingness and behavior of waste separation
at the 1% level, indicating that the better the village characteristics, such as village appear-
ance, living convenience, sewage and waste management, and air quality, the lower the
deviation between rural residents’ willingness and behavior of waste separation, and the
more the village attaches importance to the construction of ecological livability, the higher
the degree of attention to the work of domestic waste separation and the better the infras-
tructure of waste separation. The more the village attaches importance to ecological and
livable construction, the more the village attaches importance to domestic waste separation,
and the better the infrastructure for waste separation, resulting in lower costs for residents
to participate in domestic waste separation activities and more willingness to participate in
domestic waste separation activities.

(3) External environment. The publicity means will positively and significantly affect
the deviation of rural residents’ willingness and behavior in waste separation at the 1% level,
indicating that the greater the publicity efforts of villages, the lower the deviation of rural
residents’ willingness and behavior in waste separation, and the publicity efforts of villages
often reflect the degree of importance villages attach to domestic waste separation; the more
importance villages attach to domestic waste separation work, the more the publicity will
affect the overall village appearance and form a good village culture, which will influence
the villagers to participate in the separation of domestic waste. This suggests that the
institutional rules to increase the cost of non-participation and the benefit of participation
in waste separation are very effective in promoting participation and reducing the degree
of divergence between willingness and behavior. On the whole, the change of external
environment, through the change of policy mechanism and the strength of publicity, is very
effective in improving villagers’ willingness and behavior to participate in household waste
separation, and the coefficients of both are the highest among all the influencing variables.

(4) Internal factors. The policy effect perception positively and significantly affects
the paradox of rural residents’ willingness to separate garbage and behavior at the 1%
level, indicating that improving villagers’ understanding of garbage separation and habitat
improvement through publicity can effectively improve the situation of the paradox of
behavior and willingness, and the higher the villagers’ understanding of the significance of
the behavioral work of domestic garbage separation, the more it can reduce the paradox
of rural residents’ willingness to separate garbage and behavior. The higher the level
of villagers’ understanding of the meaning of waste separation, the more it reduces the
deviation of rural residents’ intention and behavior. The perceived environmental behavior
of villagers positively and significantly affects the divergence between the willingness and
behavior of rural residents at the 1% level, indicating that there is a transmission effect
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of the behavior. The effect of waste segregation is spread to those who do not want to
participate in waste segregation activities.

3.2. ISM Analysis of the Factors Influencing the Paradox of Rural Residents’ Willingness and
Behavior to Separate Garbage

The above regression results show that the influential factors affecting rural residents’
willingness to separate garbage and behavioral deviations are mainly eight factors: means of
publicity, means of reward and punishment, perceived policy effects, villagers’ perceptions
of environmental behavior, gender, age, socioeconomic status, and ecological livability
status. In this paper, we use Si(i = 1, 2, . . . , 8), which denotes the above eight influencing
factors, and S0 denotes rural residents’ willingness to separate garbage and behavioral
deviation. Based on consultation with a total of 14 experts in the field of rural environmental
management, the influence relationship between the factors is determined by combining
the analysis of existing literature and relevant theories. It is assumed that if row factor i has
influence on column factor j, it is denoted by V; if column factor j has influence on row factor
i, it is denoted by A; if row factor i and column factor j have no influence relationship, it is
denoted by O. The logical relationship of each influencing factor (see Figure 1 for details).

Sustainability 2022, 14, x FOR PEER REVIEW 8 of 14 
 

Whether there are party members −0.026 0.113 0.821 
Are you religious? −0.065 0.203 0.749 

Village Features 

Industrial prosperity 0.019 0.054 0.725 
Ecological Livability 0.248 0.083 0.003 *** 

Countryside Civilization −0.128 0.088 0.144 
Effective governance 0.008 0.081 0.924 

External Environment 
Promotional Tools 1.048 0.162 0.000 *** 

Reward and punishment means 1.161 0.131 0.000 *** 

Internal factors 

Importance Perception −0.020 0.053 0.702 
Policy Effect Perception 0.362 0.053 0.000 *** 

Perceived environmental behavior 
of villagers 

0.503 0.092 0.000 *** 

Blood Trust −0.086 0.083 0.297 
Geographic Trust −0.023 0.086 0.786 

Cadre Trust 0.043 0.077 0.578 
Social Networks 0.000 0.000 0.273 

Constant term −2.685 0.591 0.000 *** 
R² 0.138 
Note: (1) *, *** indicate that each variable is significant at the 10%, and 1% levels, respectively. 

3.2. ISM Analysis of the Factors Influencing the Paradox of Rural Residents’ Willingness and 
Behavior to Separate Garbage 

The above regression results show that the influential factors affecting rural resi-
dents’ willingness to separate garbage and behavioral deviations are mainly eight factors: 
means of publicity, means of reward and punishment, perceived policy effects, villagers’ 
perceptions of environmental behavior, gender, age, socioeconomic status, and ecological 
livability status. In this paper, we use 𝑆𝑆𝑖𝑖(𝑖𝑖 = 1,2, . . . ,8), which denotes the above eight in-
fluencing factors, and 𝑆𝑆0 denotes rural residents’ willingness to separate garbage and be-
havioral deviation. Based on consultation with a total of 14 experts in the field of rural 
environmental management, the influence relationship between the factors is determined 
by combining the analysis of existing literature and relevant theories. It is assumed that if 
row factor i has influence on column factor j, it is denoted by V; if column factor j has 
influence on row factor i, it is denoted by A; if row factor i and column factor j have no 
influence relationship, it is denoted by O. The logical relationship of each influencing fac-
tor (see Figure 1 for details). 

 
Figure 1. Logic diagram of influencing factors. 

Referring to the logical relationship diagram of influencing factors, the adjacency ma-
trix R of the influencing factors of rural residents’ willingness to sort garbage and behav-
ioral deviance can be obtained, and the reachable matrix M can be obtained by Boolean 
operation. Based on the formula (4), the adjacent levels and the influencing factors of the 
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Referring to the logical relationship diagram of influencing factors, the adjacency
matrix R of the influencing factors of rural residents’ willingness to sort garbage and
behavioral deviance can be obtained, and the reachable matrix M can be obtained by
Boolean operation. Based on the Formula (4), the adjacent levels and the influencing factors
of the same level in the reachable matrix M are further calculated and connected by using
directed edges to obtain the hierarchical structure T for the influencing factors of rural
residents’ willingness to sort garbage and behavioral deviance (See Figure 2 for details).
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From Figure 2, it can be seen that ecological livability status is the surface-level direct
factor that affects rural residents’ willingness to separate garbage from behavioral deviance,
reward and punishment means, and policy publicity effect, and villagers’ environmental
protection behavior perceptions are the intermediate level indirect factors that affect rural



Sustainability 2022, 14, 15481 9 of 13

residents’ willingness to separate garbage from behavioral deviance; age, gender, socioe-
conomic status, and publicity means are the deep root issues that affect rural residents’
willingness to separate garbage from behavioral deviance. There are four main transmission
paths, which are: (1) “age→ socioeconomic status→ policy publicity effect→ villagers’
perception of environmental protection behavior→ ecological livability→ willingness and
behavior paradox”. (2) “gender→ policy publicity effect→ villagers’ perception of environ-
mental protection behavior→ ecological livability→ willingness and behavior paradox”.
(3) “Publicity→ policy publicity effect→ villagers’ perception of environmental protection
behavior→ ecological livability→ willingness and behavior paradox”. (4) “Reward and
punishment→ villagers’ perception of environmental protection behavior→ ecological
livability→ willingness and behavior paradox “. The commonality of the four paths is that
the effect of policy propaganda to enhance the perception of rural residents based on the
villagers will observe the environmental behavior status of other villagers and examine the
degree of attention to the construction of ecological livability; the degree of improvement
in infrastructure in the village and its comprehensive impact on their own waste separation
will be paradoxical to behavior. Among them, age, gender, socioeconomic status, and
means of propaganda all influence the effect of policy propaganda, while the means of
reward and punishment directly affect the perception of the environmental behavior of
other villagers and the ecological livability of the village, thus influencing whether there is
a deviation between willingness and behavior.

3.3. MICMAC Analysis of the Factors Influencing the Paradox of Rural Residents’ Willingness
and Behavior to Separate Garbage

The ISM model reveals the transmission paths and hierarchical structure between
different factors, based on its inability to reflect the intensity of influence between hierar-
chical factors and transmission paths, the MICMAC analysis method is further adopted
on the basis of the ISM model to calculate the dependence and magnitude of the driving
force of each factor using the reachable matrix M and to analyze the intensity of influence
of each factor and the effect of each factor on the overall system, all to make up for the
shortcomings of the ISM model. Based on this, the dependency and driving force of each
influencing factor are calculated using Equations (5) and (6), respectively (see Table 3 for
details), and the graphs are made based on the dependency and driving force of each
influencing factor (see Figure 3 for details).

Table 3. Dependence and driving force of the factors influencing the paradox of rural residents’
willingness and behavior to separate waste.

Dependency Driving Force

S0 9 1
S1 1 5
S2 1 4
S3 5 4
S4 7 3
S5 1 5
S6 1 6
S7 2 5
S8 8 2

Through MICMAC analysis, the 8 influencing factors can be divided into the following
categories: Zone I represents the area of autonomous factors, which does not contain
influencing factors; the dependence and driving force of the autonomous factors in this area
are not strong and generally belong to independent factors, which have little correlation
with other factors, simple relationship with other factors, and do not easily trigger a chain
reaction. The dependency factors are generally strongly linked to other factors and easily
controlled by other factors, but the driving force is not strong, and they are the most direct
factors that constitute the deviation of rural residents’ willingness and behavior to separate
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garbage. Area III represents the area of associated factors, including the effect of policy
propaganda (S3), associated factors have the characteristics of high dependency and high
driving force, and generally belong to the transitional factors in the overall system, with the
role of carrying on the top and bottom; Area IV represents the driving factors, including
the means of propaganda (S1), rewards and punishments (S2), gender (S5), age (S6), and
socioeconomic status (S7) driving factors of characterized by a high driving force and
low dependence, not easily influenced, generally at the lower level of the ISM model, is
the deepest factor affecting rural residents’ willingness to sort garbage and behavioral
paradoxes; Zone V is on the mean value line and is an adjustment factor, including villagers’
environmental behavior cognition (S4), villagers’ environmental behavior cognition is
located between Zone II and Zone III, indicating that it has the dependence and association
factors of dual characteristics: susceptible to other factors, while being a transitional factor
in the overall system.
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4. Discussion

The discrepancy between rural residents’ willingness to separate garbage and their
behavior indicates that establishing an effective mechanism for rural garbage separation
still has a long way to go. In this paper, based on the survey data of CLES 2020 in rural
areas of Jiangsu Province, we analyze the factors influencing the paradox of rural residents’
willingness and behavior to separate garbage using the Logit model; we analyze the
transmission path and hierarchical structure of the factors influencing the paradox of rural
residents’ willingness and behavior to separate garbage using the ISM model; finally, we
further discuss the strength and effect of each influencing factor in the overall system using
the MICMAC model. Finally, the MICMAC model was used to further discuss the strength
and role of each influencing factor in the overall system. The main marginal contributions
of this paper are as follows: (1) the research scope of the study on the paradox of willingness
and behavior is enriched, and the paradox of willingness and behavior of waste separation
can be compared with that of urban residents, and the similarities and differences of the
paradox of willingness and behavior of waste separation between rural residents and urban
villagers can be summarized. (2) Based on the existing research, the combined Logit-ISM
model is expanded into a combined Logit-ISM-MICMAC model. The MICMAC model can
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make up for the shortcomings of the ISM model and can further investigate the strength of
influencing factors in the overall system and put forward corresponding countermeasures
and suggestions in a more targeted manner. (3) Based on the variable selection of related
studies, the village characteristics variables are included to improve the possible existence
of willingness and behavior deviation in the overall system’s influencing factors.

The results of this article are similar to those of Zuo Xiaofan [18], Jiang Lina [19], Liu
Jiyao [20], Shen Xin [21], Cheng Huishan [22] and Stričík Michal [23]. The results of this
article are similar to those of Zeng Qiyan, Chang Qian, and Wu Chunya. In comparison with
the results of the existing studies on behavior-intention paradox, the results of the article
are similar to those of Zeng Qiyan [24], Chang Qian [25] and Wu Chunya [26]. They all
believe that cognitive factors, external environmental factors, individual economic factors,
gender factors, and age factors affect the paradox of intention and behavior. In addition, by
comparing the results of Chen Shaojun’s [27] study, we found that: cognitive perception
factors affect both urban and rural residents’ willingness and behavior to separate garbage;
environmental convenience and perfection (corresponding to ecological livability) also
affect both urban and rural residents’ willingness and behavior to separate garbage; for
urban and rural residents, the reward and punishment mechanism is an important factor
that affects the deviation of waste separation intention and behavior, but for urban residents,
the publicity mechanism does not play a good role in reducing the deviation of intention
and behavior, which may be due to the difference of educational resources between urban
and rural residents. It can be seen that there are both commonalities and differences in the
willingness and behavior of urban and rural residents to separate garbage. In future, we
can discuss the differences in the factors influencing the willingness and behavior of urban
and rural residents, so as to enrich the research perspectives and depth of the research on
willingness and the behavior paradox.

Similarly, the study also has some limitations: (1) due to the limitations of the data,
the study can only explore the paradoxical study of the willingness and behavior of rural
residents in the Jiangsu Province, which cannot be properly compared and studied with the
situation between different regions. (2) The responses of some variables in the study still
receive the influence of subjective factors of the survey respondents, which may also lead
to the subsequent ISM model and MICMAC model results. In order to control the influence
of subjective factors on the results, the study used the results of the existing literature and
the regression results of the existing data to synthesize the causal relationships among the
influencing factors so as to mitigate the influence of subjectivity on the results on the basis
of the traditional ISM model that allows experts to make judgments directly. Overall, the
study is an enrichment and supplement to the existing related research, and the subsequent
research still needs to improve the limitations and defects of the existing research.

5. Conclusions

Using data from 2204 questionnaires from CLES, the article analyzed the factors
influencing the paradox of rural residents’ willingness and behavior to separate garbage
through a combined LOGIT-ISM-MICMAC model and came to the following conclusions.

(1) Through the regression analysis results, we found that the factors influencing rural
residents’ willingness to separate garbage and behavioral deviation are mainly eight factors:
propaganda means, reward and punishment means, perceived policy effect, villagers’
perception of environmental protection behavior, gender, age, socio-economic status, and
ecological livability status. Among them, age and gender have a negative influence on
rural residents’ willingness to separate garbage and behavioral deviance, i.e., there are
characteristics of an age difference and gender difference, while the remaining factors play
a positive influence.

(2) The results of the ISM model found that age, gender, means of propagation, and
socioeconomic status affect the effect of policy propagation and thus villagers’ perceptions,
and that rural residents with certain perceptions are influenced by other villagers’ waste
separation behaviors, i.e., whether rural residents’ waste separation willingness and be-
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havior are consistent is influenced by behavioral propagation, and on the basis of having
behavioral propagation Villagers will consider the ecological and livable construction fac-
tors of the village, which in turn will influence whether the waste separation willingness
and behavior deviate from each other. The reward and punishment mechanism directly af-
fects the villagers’ perceptions, which in turn affects whether the waste separation intention
and behavior deviate from each other.

(3) The results of the MICMAC model showed that we should pay more attention
to three factors: ecological livability, policy publicity effect, and villagers’ environmental
protection behavior cognition, and reduce the deviation of rural residents’ waste separation
behavior from their will by strengthening the ecological livability of villages, ensuring the
policy publicity effect, and encouraging villagers’ environmental protection behavior.

According to the above research findings, the following countermeasures are pro-
posed: (1) Strengthen the environmental perception of rural residents, enhance publicity
and education, and make rural residents recognize the importance and necessity of garbage
classification work. (2) Encourage the garbage classification behavior of rural residents,
formulate corresponding reward and punishment measures, especially to play the pio-
neering role of party members to play a behavior-spreading effect, and form a good social
culture of garbage classification. (3) Strengthen the ecological and livable construction of
villages, pay attention to village appearance, ensure the convenience of living, and improve
infrastructure such as sewage and garbage treatment; strengthen the ecological livability
of the village, focusing on the village appearance, guaranteeing the convenience of life,
sewage and garbage management and other infrastructure improvements.

Author Contributions: Writing—original draft preparation, X.-Y.L.; funding acquisition and supervi-
sion, S.-W.H.; writing—review, Article Retouching and editing, Q.L.; Conceptualization, Q.-J.L.; data
curation, Y.-S.Z.; All authors have read and agreed to the published version of the manuscript.

Funding: National Social Science Foundation of China General Project “Research on Modernization
of Rural Environmental Governance System and Governance Capacity” (20BSH113).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The link to access the data is as follows: https://jiard.njau.edu.cn/
info/1033/1506.htm.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Du, Y.Q.; Liu, H.B.; Chen, L.G. Which is better or worse: PPP model or traditional model in rural habitat improvement?—An

analysis based on the case of rural domestic waste treatment. J. Nanjing Univ. Technol. Soc. Sci. Ed. 2020, 19, 59–68+112.
2. Du, Y.; Wang, Y.; Lu, W. How can multiple actors in rural environmental governance co-exist under PPP model?—A study based

on the perspective of evolutionary game. J. Huazhong Agric. Univ. Soc. Sci. Ed. 2019, 89–96+163–164. [CrossRef]
3. Huang, S.; Tang, D.; Zheng, Y. Research on public participation in rural environmental pollution management. China Adm. 2017,

55–60.
4. Zhao, P.; Su, X.; Ma, Y.; Yang, H.; Zeng, D.; Yang, T. A study on pro-environmental behavior and willingness to deviate of farmers

in arid areas under the perspective of emotional and rational integration. Arid. Zone Resour. Environ. 2021, 35, 89–96.
5. Stoeva, K.; Alriksson, S. Influence of recycling programmes on waste separation behaviour. Waste Manag. 2017, 68, 732–741.

[CrossRef]
6. Chen, Y.; Wang, X.; Mei, Y. A study on the paradox of farmers’ willingness and behavior to conserve farmland based on the

Logit-ISM model: The case of Wuhan city circle. Yangtze River Basin Resour. Environ. 2022, 31, 927–936.
7. Cai, J.; Liu, W.; Ma, S. A study on the paradox of green travel behavior and willingness of Xi’an residents. Arid. Zone Resour.

Environ. 2021, 35, 31–37.
8. Adzawla, W.; Tahidu, A.; Mustapha, S.; Azumah, S.B. Do socioeconomic factors influence households’ solid waste disposal

systems? From Ghana. Waste Manag. Res. 2019, 37 (Suppl. 1), 51–57. [CrossRef]
9. Tadesse, T.; Ruijs, A.; Hagos, F. Household waste disposal in Mekelle city, Northern Ethiopia. Waste Manag. 2008, 28, 2003–2012.

[CrossRef]

https://jiard.njau.edu.cn/info/1033/1506.htm
https://jiard.njau.edu.cn/info/1033/1506.htm
http://doi.org/10.13300/j.cnki.hnwkxb.2019.06.011
http://doi.org/10.1016/j.wasman.2017.06.005
http://doi.org/10.1177/0734242X18817717
http://doi.org/10.1016/j.wasman.2007.08.015


Sustainability 2022, 14, 15481 13 of 13

10. Zhao, L.; Chen, H. Exploring the Effect of Family Life and Neighbourhood on the Willingness of Household Waste Sorting.
Sustainability 2021, 13, 13653. [CrossRef]

11. Kuo, Y.L.; Perrings, C. Wasting Time? Recycling Incentives in Urban Taiwan and Japan. Environ. Resour. Econ. 2010, 47, 423–437.
[CrossRef]

12. Chao, Y.-L. Time series analysis of the effects of refuse collection on recycling: Taiwan’s “Keep Trash Off the Ground” measure.
Waste Manag. 2008, 28, 859–869. [CrossRef]

13. Dai, X.; Han, Y.; Zhang, X.; Hu, W.; Huang, L.; Duan, W.; Li, S.; Liu, X.; Wang, Q. Comparison between students and residents on
determinants of willingness to separate waste and waste separation behaviour in Zhengzhou, China. Waste Manag. Res. 2017, 35,
949–957. [CrossRef]

14. Kipperberg, G. A Comparison of Household Recycling Behaviors in Norway and the United States. Environ. Resour. Econ. 2007,
36, 215–235. [CrossRef]

15. Manoharan, S.; Pulimi, V.S.K.; Kabir, G.; Ali, S.M. Contextual relationships among drivers and barriers to circular economy: An
integrated ISM and DEMATEL approach. Sustain. Oper. Comput. 2022, 3, 43–53. [CrossRef]

16. Warfield, J.N. Binary Matrices in System Modeling. IEEE Trans. Syst. Man Cybern. 1973, 5, 441–449. [CrossRef]
17. Chen, J. An Extensional Micmac Method to Identify the Key Factors. Acad. J. Bus. Manag. 2020, 2, 75–81.
18. Zuo, X.; Kang, M.; Lu, J. Effects of social interaction and Internet use on rural residents’ willingness to separate domestic waste.

Resour. Sci. 2022, 44, 47–58.
19. Jiang, L.; Zhao, X. How institutional environment affects villagers’ willingness to separate household waste—An empirical study

based on villagers in Beijing, Tianjin and Hebei provinces and cities. Comp. Econ. Soc. Syst. 2021, 139–151.
20. Liu, J.; Jia, Y.; Chi, S.; Zhao, M. A study on the influence of pollution perception and village emotion on farmers’ willingness to

separate domestic waste. Arid. Zone Resour. Environ. 2021, 35, 48–52.
21. Shen, X.; Chen, B.; Leibrecht, M.; Du, H. The Moderating Effect of Perceived Policy Effectiveness in Residents’ Waste Classification

Intentions: A Study of Bengbu, China. Sustainability 2022, 14, 801. [CrossRef]
22. Cheng, H.; Rui, Q.; Yu, K.; Li, X.; Liu, J. Exploring the Influencing Paths of Villagers’ Participation in the Creation of Micro-

Landscapes: An Integrative Model of Theory of Planned Behavior and Norm Activation Theory. Front. Psychol. 2022, 13, 862109.
[CrossRef] [PubMed]
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