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A B S T R A C T  

educational initiatives do not foster long-term participation. Therefore, this 
study aimed to present an educational model for sustainable citizen participation in waste 
management. This research is exploratory and applied. The study was conducted in two phases. 
First, relevant literature was reviewed using MAXQDA software to identify and classify the 
factors and indicators of the model. In the second phase, the designed model was validated 
using expert opinions and SMART PLS software. The findings revealed 12 components: 
environmental awareness and knowledge, teaching methods, type of education, media and 
communications, infrastructure and practical facilities, encouragement and motivation, social 
support, cultural development and behavior change, policy-making and regulations, social 
experiences and interactions, sustainable public participation, and governmental support, along 

with a value of 0.95. The quantitative results also showed that the alpha value, divergent 
validity, and average variance extracted for all variables were appropriate and had high factor 
loadings. The highest Q² value was for the media and communications variable, indicating its 
high predictive power within the model. Moreover, the t-values and p-values for all paths 
supported the hypotheses of the model and its structural fit.How to cite:
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Introduction 

component of urban solid waste in many 

accounting for between 55 and 85 percent of the 
composition of urban solid waste. This situation 
poses significant challenges for public 
management, including waste treatment 

role of resident participation in urban waste 
manageme

household level remains a significant challenge 
due to its high dependency on resident behavior 
(Jiang et al., 2021; Moh & Manaf, 2017; 

 
in many cities in developing countries 
(Azevedo et al., 2021; Banerjee & Sarkhel, 

management follows a desirable path when the 
communication link between citizens and waste 
collection and processing operators is 
strengthened, and the only way to enhance this 
connection is through extensive education and 
cultural development. Previous studies have 
shown that education has become one of the 
vital factors for changing resident behavior 
(Meng et al., 2019; Liu et al., 2019
words, education is the key that ensures the 
success of all waste management programs, 
ideas, and plans, provided it is conveyed 
correctly and from appropriate sources to 

challenges and issues in urban waste 
management, existing educational programs for 
residents in developing countries are 
considered ineffective and inadequate (Moh & 

cannot directly influence residents' behavior 
regarding waste management (Wang et al., 

factors such as awareness (Chen & Gao, 2020; 

(Lissah et al., 2021; Liu et al., 2019; Wang et 

effectively nurturing residents' willingness to 
participate and change their behavior (Liu et al., 

be more effective and impactful, reinforcing 

personal factors (Chen & Gao, 2020; Pierini et 

This situation raises the question of which 
educational strategies and factors are most 
effective and impactful in creating sustainable 
changes in residents' waste management 
behavior. Some studies have presented various 
approaches to improve resident-based 

more informational campaigns and frequent 
information sharing using posters and social 

Zheng et a
advertising has no significant impact, and 
extensive advertising is not a solution. As Jiang 

a communication channel to enhance 
willingness. Thus, it may become a support 
system rather than the primary educational 

relatively new strategy for resident-based waste 
management education through the concept of 

al 
cohesion, and social communications, which 
are heavily dependent on community 
empowerment for effective education. 

community participation as a behavioral change 
factor for sustainable waste management 

tion is expected to build new 

Unfortunately, many educational programs 
cannot ensure long-term participation; post-
training participation rates decline (Zebu & 

citizens with skills that enable them to 
participate effectively in waste management 
programs, including communication, 

activities on such a scale require appropriate 
educational planning. The most important 
solution to realize this potential is the proper 
and systematic management of education. 

of the provided training while ensuring the 
effectiveness of educational programs? 
Standardizing educational processes is one of 
the innovative practices to enhance citizens' 
capabilities in waste management, thus 
adequately addressing audience needs and 



140       Nejat et al.:  in Urban Solid … 

 

sustainably implement civic education, it is 
essential to identify its components and design 
and validate an educational model; otherwise, 
the costs incurred may not be effective. 
Creating an appropriate educational model can 
improve intergroup communications in waste 
management and enhance cooperation between 
institutions and citizens. This research focuses 
on designing and validating a civic education 
model for sustainable participation in urban 
solid waste management. Many current 
approaches in civic education lack clear and 
practical models, and this study aims to address 
this gap by designing a specific model. Given 
the unique characteristics and needs of each 
community, this study can enhance the 
scientific and practical understanding of civic 
education and participation in waste 
management, leading to improved 
environmental quality and urban living. 
 

Research Methodology 

This research is exploratory in nature and 
applied, as well as developmental in terms of its 
objectives. In terms of data collection, a mixed-
method approach (qualitative and 
was employed in two parts. 

Part One of the Research 
In the qualitative section, the statistical 

population included books, scientific and 
research articles, available theses and 

semi-structured exploratory interviews with 
experts related to the research topic. In the 
document review phase, 320 studies were 
extracted from foreign and domestic databases, 
and in the initial evaluation, the titles and 
abstracts of all studies were reviewed to ensure 
that they were directly related to the topic. 
Studies that did not have a direct connection to 
these areas were excluded from further review. 
Given the importance of up-to-date research 
findings, the primary emphasis was on studies 
published after the ye
few rare cases, articles published before this 
date were retained in the review list if they had 
very high theoretical and methodological 
significance and were cited as references in the 
research. In the next phase, the content of these 
articles was carefully examined. The following 

criteria were considered in this review: 
reputable research works published in credible 
journals (with appropriate scientific ranking 

employed strong and appropriate research 
methodologies were selected. By applying 
these criteria and conducting a thorough 
screening process, 150 final articles were 
chosen as the basis for analysis in this research. 
In this section, using the meta-synthesis method 
and then through pattern and descriptive 
analysis via MAXQDA software version 2020, 
the classification of the identified components 
and indicators was performed. To ensure the 
reliability of the findings from the qualitative 
section of the research, reliability testing was 
conducted. In this step, to measure the 
reliability of this stage of the model design, the 

determine the reliability of the codings, the 
opinions of two different experts were utilized, 
and the results are detailed in Table 2. 

Part Two of the Research 
In the quantitative section of the research, 

the measurement tool was a researcher-made 
five-option questionnaire based on the Likert 
scale, prepared with reference to the theoretical 
field and research model. It was provided to 42 
experts in environmental education, waste 
management, and environmental management 
using a purposive sampling method. Given the 
limitation of the specialized sample size, the 
sample size was evaluated using the acceptable 
capabilities of the PLS software for power 
analysis. After data collection, the analysis of 
results was conducted using structural equation 
modeling with a partial least squares approach. 
This method is noted for its superiority in small 
samples and is applicable in cases where the 
number of measurement items is low and the 

equation model consists of two parts: a 
measurement model that defines the 
relationships between latent variables and 

structural model that considers a specific causal 
structure among the latent variables (Rashidi et 

research, the following model analysis 
algorithm was used, and necessary analyses 
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were conducted in two sections: 
1. Model fit of measurement models, 

reliability and validity of the research 
constructs using three criteria: 

Reliability of each indicator, 
omposite reliability of each 

construct, and 
verage variance extracted; 

2. Fit of the structural model; in this 
model fit, the relationships between 
latent variables were analyzed, and 

criteria such as t-values, R² effect size, 
F², and Stone-Geisser Q² were 
examined for the fit of the structural 
model. 

 

Research Findings 

The summary of the initial semantic units 
obtained from the interviews, as well as the 
integration of coding from the document studies 
and expert opinions, led to the extraction of 
components and indicators, which are presented 
below in Table 1. 

 
Table 1.  

Component Symbol Item Reference 

awareness & 
knowledge 

 

Information about environmental issues  

Underst&ing natural resources & 
ecosystems 

 

Impact of waste pollution (Brotosusilo et al.,  

Negative consequences of improper 
waste management 

(Mwanza et al., 2018, Rautela 
et al., 2021  

 TM 

Workshops (Zhou et al., 2022  

universities 
(  

Online education & digital resources 
(Gustiani, 2020, Barrot et al., 

2021  

Seminars & conferences 
(Stephen & Rockinson-

 

Type of education TT 

Direct or informal citizenship education 
 

Implicit or supplementary education in 
citizenship practices 

(Coopmans et al., 2020, 
 

Formal education (Gericke et al., 2020  

Media & 
communication 

MC 

Use of social media 
(Zorpas, 2020, Jiang et al., 

 

Advertising campaigns 
 

Television & radio programs 
(Molina & Catan, 2021, 
Uhuna  

Local brochures & publications (Agyeiwaah, 2020  

Infrastructure & 
practical facilities 

 

Volunteer activities in nature (Raza et al., 2021  

educational resources 
(Debrah et al., 2021  

Visits to educational & environmental 
centers 

( 2020  

Conservation & recycling projects (Ma  & Zhang 2020  
Providing waste separation bins in 

different parts of the city 
(Rathore et al., 2020  

  

Providing regular waste collection 
services 

(Pardini et al., 2020, Sohag & 
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Component Symbol Item Reference 

motivation 
 

Providing awards & rewards to active 
citizens 

(Suryawan & Lee, 2023  

State & local support for waste 
management projects 

(  

-based 
initiatives by setting up small businesses 

 

& challenges 
(Viljoenet al., 2021  

Allocation of a portion of recycling 
revenues to beautify neighborhoods & 

build parks & informing citizens 

(Afshar et al., 2021, Lee & 
 

Financial return systems for recycling (Zhou et al., 2021  

Social support SC 

Formation of local groups & 
associations 

(  

Volunteer activities to clean up areas 
(Battisti et al., 2020, John & et 

 

 
 

Civic culture 
(Billore, 2021, Sewak  et al., 

 
Cooperation with non-governmental 

organizations 
(Botha, 2018, Arantes et al., 

 

Culture building & 
behavior change 

CB 

Promoting a culture of waste separation 
through art & media 

(Lou et al., 2022, Maiurova et 
al., 2022  

 
(

al., 2020  
Social & cultural values in the field of 

environmental protection 
(Zorpas, 2020, Nguyen & 

Jones, 2022  
Using successful role models to inspire 

others 
(Sharma et al., 2020, Chauhan 

 

Policy & laws R 

 
(Zorpas, 2020, Guo et al., 

 
Regulation & approval of new laws, 
measures & guidelines to promote 

proper municipal waste management 

(
et al., 2021  

Monitoring the implementation of laws 
& policies Agrawal, 202   

Government programs for education & 
awareness 

(Debrah et al., 2021, Abubakar 
 

Financial support for educational & 
local waste management projects 

(Debrah et al., 2021, Fadhullah 

 

Social experience & 
interactions 

 

Positive or negative experiences from 
previous participation 

(Reed et al., 2018, Asiaei et al., 
  

The influence of friends, family & 
neighbors on the individual's attitude 

(Shen et al., 2019, Luoet al., 
 

Sustainable public 
participation 

P 

Individual & demographic 
characteristics  

Intention & intention to participate 
Ahmed et al., 2019, 

 

Public-private-public partnership 
-

Agyei, 2020  
Possibility of participation (legal status, 

c   
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Component Symbol Item Reference 

Government 
support 

GS 

Change in levels of urban management 
(Qu et al., 2019, Ch&rappa & 

Das, 2024  

councils 
(de Castro et al., 2019, Leach, 
2019, Mostovoy et al., 2021  

Constructive interaction between 
municipalities & local authorities with 

other associations, institutions & 
government & non-governmental 

community-based organizations with 
citizens 

(Botha, 2018, Nwankwo, 2022, 
Mesoe, 2023  

Planning, organizing & securing the 
necessary financial resources 

(Otoo & Drechsel, 2018, 
Zietlow et al., 2018  

To calculate the reliability of the designed 

value higher than 0.8 is considered ideal for 
agreement between two evaluators. In this 

0.95, indicating that it possesses valid 
reliability, demonstrating excellent reliability of 

coefficient are detailed in Table 2. 

 
Table 2.  

Statistical results (Kappa 
agreement coefficient) 

Numerical value Agreement status 

Value 0.95 

0> Weak 
0.0  - 0.02 Non-significant 
0.21- 0.4 Average 
0.41-  Adequate 

- 0.8 Reliable 

0.81- 1  

 
A Conceptual Model of Citizenship 
Education to Attract Sustainable 
Participation in Municipal Solid Waste 
Management 
The sunburst model is a visual representation 
that shows hierarchical data in a circular format 
and is commonly used to display relationships 
and proportions. In the context of 
environmental education modeling for citizens, 
this tool can be a powerful means to represent 
and analyze various factors affecting 
environmental issues, stakeholders, and the 
relationships among different educational 
aspects. The sunburst chart provides a clear and 
engaging way to display the multiple facets of 
environmental education, making it a valuable 
tool for educators, planners, and policymakers 
in the fields of environmental literacy and 
sustainability. To present a comprehensive 

approach to the civic education model for 
sustainable participation in urban solid waste 
management, the conceptual model derived 
from the literature analysis is shown in Figure 
1. 

 
Findings of the Quantitative Section: 
Introduction of the Structural Modeling 
Questionnaire with PLS 
In this research, after designing the qualitative 
model, the final PLS model questionnaire was 
prepared, consisting of 12 components and 53 
items, and was reviewed by experts. Out of the 
distributed questionnaires, 42 individuals 
responded. To assess the appropriateness of the 
collected data for conducting factor analysis 
and to identify the correlation matrix (data 

and Bartlett's test were utilized. 
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Figure 1. Conceptual Model of the Research 
 

Table 3.  

KMO coefficient 
Bartlett's sphericity 

statistic 
Degree of freedom Significance 

  15 0.000 

 

variables, with values ranging between 0 and 1. 

considered that your sampling is adequate for 
factor analysis. Based on the results in Table 3, 

 
the sample sizes are adequate for the current 
research. Bartlett's test examines whether there 
is sufficient correlation among the variables to 
justify factor analysis. If the computed 

less 
than 0.05, factor analysis is appropriate for 

necessary condition for conducting factor 
analysis is met, as the hypothesis of a single 
correlation matrix is rejected. As shown in 
Table 3, the value of 

and is significant at the 0.000 level. Therefore, 

and that the significance level of Bartlett's test 
is less than the 5% significance level, it can be 
concluded that the data are suitable for factor 
analysis. 

 
Fit of Measurement Models 
According to the model analysis algorithm, two 
criteria—reliability and validity—were used to 
examine the fit of the measurement models. To 
assess the reliability of the measurement 
models, the criteria of factor loading 
coefficients, Cronbach's alpha, and composite 
reliability were calculated as follows: 
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Table 4. Results of Cronbach's Alpha, Composite Reliability, & Average Variance extracted 

Structure 
Cronbach's 

0/7) 

Combined 
Reliability (CR) 

 

Average variance 
extracted 

 

Awareness & knowledge 0.891 0.739 0.520 
Government support  0.972 0.972 

Model 0.902 0.914 0.914 
Media & communication  0.744 0.744 

Participation  0.737 0.831 
Scientific infrastructure 0.829   
Policymaking & laws  0.772 0.772 

Social experiences & interactions 0.739 0.777 0.777 
Social supports 0.881 0.914 0.914 

 0.735   
Type of education 0.734 0.748 0.519 

Culturalization 0.730   
 0.701 0.910  

 
In the present research model, the 

Cronbach's alpha value for all components was 
calculated to be above 0.7, indicating that all 
variables possess adequate reliability, which 
reflects the suitable internal consistency of the 
measurement models. 

According to the findings in Table 4, the 
composite reliability for all variables in the 
model was calculated to be above 0.8, 
indicating good internal reliability of the model. 
Additionally, based on the results in Table 4, the 
convergent validity across all constructs in the 
model is above 0.5, thus confirming the 
discriminant validity of the model. 

 
Measurement of Factor Loadings 
The factor loading values and path coefficients 
are also shown in Figure 2. In this model, all 

factor loadings are evaluated to be at a very 
desirable level, except for one of the efficiency 
items, which is rated as acceptable. 

 
Fit of the Structural Model 
The Q² & R² 
According to the values in Table 5, the 
coefficient of determination R2 for all model 
constructs is evaluated as significant, 
confirming the suitability of the structural 
model fit. Furthermore, according to the values 
in Table 5, since the obtained values are above 
the threshold of 0.35, this indicates a strong 
predictive power of the model, further affirming 
the good fit of the structural model of the 
research. The highest predictive power is 
related to the construct of media and 
communication. 

 
Table 5.Coefficient of Determination Values 

Q2 R2 Structure 
0.472  Policy & Law 
0.718 0.808 Media & Communication 
0.520  Social Support 
0.320 0.514  
0.419  Participation 
0.352 0.320  

0.353 0.277  

0.504 0.757  
0.350  Culture Building 
0.319 0.797 Practical Infrastructure 
0.345 0.857 Social Support 
0.445 0.801 Government Support 
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Figure 2

Suitability of the Structural Model

determines the strength of the relationship 
among the constructs in the model. According 
to Cohen, values of 0.02, 0.15, and 0.35 

represent small, medium, and large effects, 
respectively. For each effect in the model path, 
the effect size can be evaluated using Cohen's 

for all constructs are large, with the greatest 
effect related to the construct of participation.

Table 6. 

Model 1.577 0.471 0.384 3.123 2.057 3.92 5.971 

Hypothesis Testing,
According to the data analysis algorithm in the 
PLS method, after evaluating the fit of the 
measurement and structural models by 
examining the significance coefficients Z (t-

loadings related to the paths, the research 
hypotheses are tested. In terms of the absolute 
size of the coefficients, various references 
indicate that coefficients greater than 0.1 
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signify an effect in the path. If the significance 

coefficients and the hypothesis of the 
relationship between the constructs in the 
model are confirmed at a 95% confidence level. 
To assess the significance of the path 
coefficient, the t-value of each path must also 

be considered. According to Table 7, since the 
t-values of the coefficients for each path are 

predicted paths are significant, and all research 
hypotheses regarding the existence of 
relationships among the constructs are 
confirmed.

 
Table 7. T-  

Path T-Statistic P Values 

Model-----  20.284 0.000 

Model-----> Government Support 24.927 0.000 

Model-----> Media & Communications  0.000 

Model-----> Participation 10.195 0.000 
Model-----> Scientific Infrastructure  0.000 
Model-----> Policymaking & Laws  0.000 

Model-----> Social  4.227 0.000 
Model-----> Social Support  0.000 

Model-----> Training Methods  0.000 
Model-----> Type of Training 10.828 0.000 
Model-----> Culture Building 2.808 0.000 

Model-----  4.181 0.000 
 
Conclusion 

To address the research question, a systematic 
review method was employed, utilizing a meta-
synthesis of documentary studies and 
interviews. Using MAXQDA software, the 
components and indicators of the civic 
education model for sustainable participation in 
urban solid waste management were identified 
and clarified. It was determined that a total of 
12 components were identified: environmental 
awareness and knowledge, teaching methods, 
type of education, media and communication, 
infrastructure and practical facilities, 
encouragement and motivation, social support, 
cultural change and behavior modification, 
policy-making and legislation, social 
experiences and interactions, sustainable public 
participation, and governmental support, along 
with 53 indicators. 

Previous studies have also utilized solar 
models for simulating and educating citizens 
about environmental issues. For example, Ariza 

models on citizen education regarding waste 
management and environmental awareness. 
The researchers demonstrated that using solar 
models could lead to increased citizen 
participation in environmental activities. 

of complex models to simulate citizen behavior 
concerning environmental issues, showing that 
solar models can serve as effective tools for 
public education and engagement. Bennett and 

in natural resource management and the use of 
solar models for public education on 

studied the impact of educational programs 
based on solar models on environmental 
behaviors in local communities. 

It is noteworthy that the identified influential 
factors in this research interact with one 
another, and the contribution of each is 
significant to the success of the educational 
model. Therefore, to provide effective and 
sustainable education in waste management, the 
role of all these factors must be considered. 

Subsequently, in response to the research 
question, the validation of the model was 
analyzed using expert opinions and PLS 
software. The validation assessments indicated 
that the designed model is comprehensive, 
suitable, and implementable, possessing the 
necessary fit. As the research results show 

or the predictive power of the model, one of the 
most important components is media and 
communication. The findings of this section of 
the research align with previous similar studies 
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regarding the impact of media and 
communication in civic education and waste 

confirming the results. 
A limitation of this research was the lack of 

access to specialized experts. Based on the 
research results, it is recommended that 
educational specialists intervene in the 
educational planning and design of waste 
management in municipalities, train the 
necessary human resources, and develop 
electronic training infrastructures for civic 

education. Additionally, it is suggested that, 
alongside educational management, other main 
variables such as organizational structures, 
learning culture among citizens, learning 
motivations, psychological interventions, 
managerial support, individual differences, and 
demographic variables should also be examined 
in explaining the phenomenon of educational 
productivity among citizens. Furthermore, 
evaluation indicators for the training provided 
in the field of waste management and citizen 
participation should be designed. 
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