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ABSTRACT  

This study examines the impact of environmental education and plastic waste management on ecological 

awareness and pollution reduction in Jakarta. Employing a quantitative research design, data were collected 

from 190 respondents through a structured questionnaire and analyzed using Structural Equation Modeling-

Partial Least Squares (SEM-PLS 3). The results reveal that both environmental education and plastic waste 

management significantly enhance ecological awareness, which in turn drives pollution reduction. Plastic 

waste management also exhibits a strong direct effect on pollution reduction, highlighting its critical role in 

mitigating environmental degradation. These findings underscore the importance of integrating educational 

programs with effective waste management systems to foster sustainable urban development. The study 

provides actionable insights for policymakers, educators, and environmental practitioners in addressing 

Jakarta's pressing environmental challenges. 

Keywords: Environmental Education, Plastic Waste Management, Ecological Awareness, Pollution Reduction, Urban 

Sustainability 

1. INTRODUCTION 

Environmental degradation in Jakarta, particularly due to plastic waste, poses severe 

challenges to public health and economic vitality, necessitating comprehensive strategies to enhance 

ecological awareness and implement effective solutions. Technological integration, such as 

implementing IoT and AI technologies for smart waste management, has proven effective in 

improving efficiency, as demonstrated by Bandung's initiatives [1], while sensor-based air quality 

monitoring and waste separation programs piloted in Jakarta show promise in advancing waste 

management [2]. Community involvement through public awareness campaigns that advocate 

environmental rights and educate on waste management practices is crucial for fostering 

participation [3], and understanding the psycho-social conditions of urban communities can further 

enhance the effectiveness of tailored initiatives [4]. Targeted waste management strategies, such as 

identifying specific types of plastic pollution like PET and PP for recycling and reducing single-use 

plastics [5], combined with policy adjustments that strengthen environmental regulations and 

increase financial support for waste management, are essential for promoting sustainable urban 

living [6]. 

Environmental education is essential for fostering ecological awareness and empowering 

individuals to adopt sustainable practices, equipping communities with the knowledge necessary to 

address environmental challenges, while robust plastic waste management systems complement 

these efforts by reducing pollution and promoting responsible waste disposal. Environmental 

education enhances knowledge and attitudes towards sustainability, enabling individuals to become 

proactive change agents [7], with studies showing that educational interventions significantly 
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improve environmental attitudes and behaviors, particularly among students in engineering and 

other disciplines [8], [9]. Additionally, educational programs encourage active participation in local 

environmental initiatives, fostering a sense of responsibility [10]. Effective waste management 

systems play a critical role in reducing plastic waste generation and promoting recycling, which is 

crucial for urban sustainability [11]. Moreover, integrating environmental education with waste 

management supports the transition to a circular economy, minimizing resource consumption and 

environmental degradation [11]. Together, these strategies form the foundation for achieving a 

sustainable urban future. 

This study aims to investigate the effect of environmental education and plastic waste 

management on ecological awareness and pollution reduction in Jakarta. The research is motivated 

by the urgent need to understand the interplay between educational initiatives and waste 

management systems in shaping public attitudes and behaviors toward the environment. By 

analyzing the relationships among these variables, this study seeks to provide empirical evidence 

that can inform policies and programs designed to combat urban pollution and promote sustainable 

development. 

 

2. LITERATURE REVIEW  

2.1 Environmental Education 

Environmental education is essential for fostering sustainable practices and 

empowering individuals to address environmental challenges, particularly in urban 

areas like Jakarta, where environmental stress is significant. By integrating formal and 

informal educational methods, it enhances awareness and understanding of ecological 

issues, equipping individuals with knowledge about ecological systems and human 

impacts to foster informed decision-making [10]. Programs targeting urban 

communities have demonstrated increased public awareness and participation in waste 

reduction and recycling initiatives [12]. Employing an interdisciplinary framework that 

combines biology, social sciences, and humanities, environmental education addresses 

complex environmental issues while hands-on learning experiences, such as field trips 

and community workshops, enhance engagement and understanding [9]. Furthermore, 

it promotes a culture of sustainability by encouraging attitudes of respect and 

responsibility towards the environment [13] and plays a crucial role in shaping 

behaviors that contribute to sustainable development and environmental stewardship 

[14]. 

2.2 Plastic Waste Management 

Effective plastic waste management is crucial for mitigating environmental 

degradation, particularly in urban areas like Indonesia, where plastic waste is rapidly 

increasing. Strategies such as reducing plastic usage, enhancing recycling initiatives, 

and developing robust disposal infrastructure are essential. Promoting alternatives to 

single-use plastics and conducting community awareness campaigns to educate the 

public on the environmental impacts of plastic can foster significant behavioral changes 

[15]. Recycling initiatives, including mechanical and chemical recycling methods, are 

vital for processing various types of plastics, although challenges like material 

degradation remain. Community-based programs that encourage plastic segregation 
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and recycling have demonstrated measurable success in reducing pollution [16], [17]. 

Furthermore, developing comprehensive waste management infrastructure, such as 

waste-to-energy technologies, enhances resource recovery and minimizes landfill use 

[17]. Employing Life Cycle Assessment (LCA) approaches can also improve 

sustainability literacy and guide better waste management practices [18]. 

2.3 Ecological Awareness 

Ecological awareness is essential for addressing environmental issues, particularly 

in urban settings like Jakarta, where plastic pollution is a pressing concern. Research 

highlights that educational programs significantly enhance ecological awareness, 

leading to positive environmental behaviors. Programs engaging students in practical 

activities and community projects have proven effective in fostering environmental 

awareness and commitment [19], while initiatives integrating ecological concepts into 

curricula, such as eco-literacy programs, empower children and adolescents to 

understand and address environmental challenges [20]. However, ecological awareness 

varies across demographics, influenced by cultural and regional factors, as studies in 

Europe reveal distinct engagement levels in sustainable practices among different age 

groups and countries [21]. Tailored strategies are necessary to address these variations 

and effectively promote sustainable behaviors [21]. Additionally, creative approaches, 

such as art-integrated projects, can enhance environmental awareness by fostering 

emotional connections to ecological issues, as demonstrated in initiatives in Pakistan 

[22]. 

2.4 Pollution Reduction 

Pollution reduction, particularly plastic waste, requires a multifaceted approach 

integrating policy, technology, and community engagement. Strategies such as banning 

single-use plastics, improving waste management, and fostering public participation 

are crucial. Policy interventions, like single-use plastic bans, have significantly reduced 

waste in global initiatives [23]. Enhanced waste systems and treatment technologies 

could reduce microplastic emissions by 68% by 2100 through combined efforts [24]. 

Community engagement, exemplified by projects like "Plastic Pirates," increases public 

awareness and participation in managing pollution [25]. Education and ecological 

awareness are critical, as knowledge and values influence behavior, while practical skill 

development empowers communities to adopt sustainable practices [26]. 

2.5 Theoretical Framework 

This study is guided by the Theory of Planned Behavior [27], which posits that 

behavior is influenced by attitudes, subjective norms, and perceived behavioral control. 

Environmental education and plastic waste management are hypothesized to positively 

impact attitudes and perceptions toward sustainable practices, leading to increased 

ecological awareness and pollution reduction. By employing this theoretical 

framework, the study seeks to explain how knowledge and management systems 

influence environmental behaviors. 

2.6 Research Gap 

Although previous studies have explored the relationships between environmental 

education, waste management, and ecological awareness, limited research has 
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examined their combined impact on pollution reduction in urban settings, particularly 

in Jakarta. This study addresses this gap by providing empirical evidence on the 

interconnectedness of these variables and their implications for sustainable urban 

development. 

This review establishes the foundation for the research, highlighting the critical role 

of environmental education and plastic waste management in promoting ecological 

awareness and reducing pollution. It also underscores the need for an integrated 

approach to address environmental challenges in Jakarta 

 
Figure 1. Conceptual Framework. 

 

3. METHODS  

3.1 Research Design 

This study employs a quantitative research design to examine the effect of environmental 

education and plastic waste management on ecological awareness and pollution reduction in 

Jakarta. The study utilizes a correlational approach to assess the relationships between the 

independent variables (environmental education and plastic waste management) and the dependent 

variables (ecological awareness and pollution reduction). Structural Equation Modeling-Partial 

Least Squares (SEM-PLS 3) is used for data analysis, as it is effective in testing complex models with 

multiple variables and relationships. 

3.2 Population and Sample 

The population of this study comprises residents of Jakarta, a diverse group exposed to 

varying levels of environmental education and waste management systems. A total of 190 

respondents were selected through purposive sampling, focusing on individuals directly engaged 

with or affected by environmental education programs and plastic waste management practices, 

ensuring they possess sufficient knowledge and experience to provide reliable data. Data were 

collected using a structured questionnaire, with items rated on a Likert scale ranging from 1 (strongly 

disagree) to 5 (strongly agree). The questionnaire was pre-tested to ensure clarity and reliability. 
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3.3 Data Analysis 

Data analysis was conducted using SEM-PLS 3, a statistical tool suitable for handling 

complex relationships between multiple independent and dependent variables. The process 

involved three main steps: first, the measurement model evaluation assessed the reliability and 

validity of the constructs using indicators such as Cronbach's alpha, composite reliability, and 

Average Variance Extracted (AVE); second, the structural model evaluation tested the hypothesized 

relationships between environmental education, plastic waste management, ecological awareness, 

and pollution reduction; and third, path analysis identified the direct and indirect effects of the 

independent variables on the dependent variables. 

 

4. RESULTS AND DISCUSSION  

4.1 Demographic Profile of Respondents 

This study analyzed data from 190 respondents residing in Jakarta, with a demographic 

composition summarized as follows: 85 respondents (44.7%) were male, and 105 respondents (55.3%) 

were female. In terms of age, 80 respondents (42.1%) were aged 18–30 years, 65 respondents (34.2%) 

were aged 31–45 years, 35 respondents (18.4%) were aged 46–60 years, and 10 respondents (5.3%) 

were above 60 years. Regarding educational background, 57 respondents (30.0%) held a high school 

diploma, 96 respondents (50.5%) had a bachelor's degree, and 37 respondents (19.5%) had a 

postgraduate degree. For employment status, 125 respondents (65.8%) were employed, 25 

respondents (13.2%) were unemployed, and 40 respondents (21.1%) were self-employed. 

Participation in environmental programs varied, with 72 respondents (37.9%) frequently 

participating, 95 respondents (50.0%) occasionally participating, and 23 respondents (12.1%) never 

participating. Monthly income distribution showed that 50 respondents (26.3%) earned less than IDR 

5,000,000, 95 respondents (50.0%) earned IDR 5,000,000–10,000,000, and 45 respondents (23.7%) 

earned more than IDR 10,000,000. 

4.2 Measurement Model Evaluation 

The evaluation of the measurement model is crucial to ensure the reliability and validity of 

the constructs used in the study. This section discusses the results for each construct: Environmental 

Education, Plastic Waste Management, Ecological Awareness, and Pollution Reduction. The analysis 

is based on the loading factor, Cronbach’s alpha, composite reliability (CR), and Average Variance 

Extracted (AVE). 

Table 1. Measurement Model 

Variable Code 
Loading 

Factor 

Cronbach’s 

Alpha 

Composite 

Reliability 

Average Variant 

Extracted 

Environmental 

Education 

EME.1 0.797 

0.909 0.929 0.725 

EME.2 0.925 

EME.3 0.882 

EME.4 0.865 

EME.5 0.779 

Plastic Waste 

Management 

PWM.1 0.765 

0.853 0.900 0.693 
PWM.2 0.858 

PWM.3 0.865 

PWM.4 0.838 

Ecological Awareness 

ECA.1 0.886 

0.854 0.912 0.775 ECA.2 0.918 

ECA.3 0.836 

 PLR.1 0.828 

0.915 0.932 0.664 
 PLR.2 0.737 

 PLR.3 0.793 

Pollution Reduction PLR.4 0.814 
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 PLR.5 0.834 

 PLR.6 0.839 

 PLR.7 0.852 

Source: Data Processing Results (2024) 

The measurement model evaluation confirms strong reliability and validity for all 

constructs: Environmental Education, Plastic Waste Management, Ecological Awareness, and 

Pollution Reduction. All constructs exceed the required thresholds, with loading factors above 0.7, 

Cronbach’s Alpha values over 0.7, Composite Reliability (CR) values confirming consistency, and 

Average Variance Extracted (AVE) values above 0.5, supporting convergent validity. These results 

validate the constructs for subsequent analyses. 

4.3 Discriminant Validity Evaluation  

Discriminant validity measures the extent to which a construct is truly distinct from other 

constructs in the model. The Heterotrait-Monotrait (HTMT) ratio of correlations is a widely used 

criterion for assessing discriminant validity. For HTMT, values below 0.85 (conservative threshold) 

or 0.90 (liberal threshold) indicate acceptable discriminant validity. 

Table 2. Discriminant Validity 
 ECA EME PWM PLR 

Ecological Awareness     

Environmental Education 0.517    

Plastic Waste Management 0.627 0.232   

Pollution Reduction 0.611 0.100 0.697  

Source: Data Processing Results (2024) 

The HTMT values for all construct pairs are below the recommended threshold of 0.85, 

demonstrating acceptable discriminant validity for the measurement model. This indicates that each 

construct in the study is empirically distinct from the others, allowing for meaningful analysis and 

interpretation of the relationships between them. 

 



West Science Interdisciplinary Studies   

 

Vol. 02, No. 12, December and 2024: pp. 2432-2442 

 

2438 

 
Figure 2. Model Results 

Source: Data Processed by Researchers, 2024 

4.4 Model Fit Evaluation 

Model fit refers to how well the hypothesized model aligns with the observed data. This 

evaluation uses several fit indices to determine whether the structural equation model is an 

acceptable representation of the data.  

Table 3. Model Fit Results Test 
 Saturated Model Estimated Model 

SRMR 0.075 0.085 

d_ULS 1.061 1.379 

d_G 0.624 0.650 

Chi-Square 402.490 412.171 

NFI 0.775 0.770 

Source: Process Data Analysis (2024) 

The model fit evaluation indicates that the standardized root mean square residual (SRMR) 

values for the saturated (0.075) and estimated (0.085) models suggest an acceptable fit, with the 

saturated model meeting the threshold of 0.08. The squared Euclidean distance (d_ULS) values are 

1.061 for the saturated model and 1.379 for the estimated model, both within an acceptable range, 

with the saturated model showing better fit. Similarly, geodesic distance (d_G) values of 0.624 
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(saturated) and 0.650 (estimated) indicate a good fit, with the saturated model slightly 

outperforming. The Chi-Square values of 402.490 (saturated) and 412.171 (estimated) demonstrate a 

reasonable fit for both models, with the saturated model being marginally better. Finally, the normed 

fit index (NFI) values of 0.775 (saturated) and 0.770 (estimated) fall within the acceptable range of 

0.70 to 0.90, indicating the model captures a substantial portion of variance but could be further 

improved. Overall, the results suggest an acceptable model fit, with the saturated model performing 

slightly better. 

Table 4. Coefficient Model 
 R Square Q2 

Ecological Awareness 0.499 0.489 

Pollution Reduction 0.590 0.581 

Based on data processing results (2024), the R-Square (R2) and predictive relevance (Q2) 

values provide insights into the explanatory and predictive power of the model. The R2 value for 

Ecological Awareness is 0.499, indicating that 49.9% of its variance is explained by Environmental 

Education and Plastic Waste Management, representing moderate explanatory power. For Pollution 

Reduction, the R2 value is 0.590, showing that 59.0% of its variance is explained by Ecological 

Awareness and Plastic Waste Management, demonstrating substantial explanatory power. The Q2 

values confirm the model's predictive relevance, with 0.489 for Ecological Awareness and 0.581 for 

Pollution Reduction, indicating that the independent variables effectively predict these outcomes 

with high accuracy. These results highlight the model's robustness in capturing the factors 

influencing ecological awareness and pollution reduction. 

4.5 Hypothesis Testing 

The hypothesis testing results are presented below, detailing the relationships between 

variables, their significance levels, and the implications for the study. 

Table 5. Hypothesis Testing 

 Original 

Sample (O) 

Sample 

Mean (M) 

Standard 

Deviation 

(STDEV) 

T Statistics P Values 

Environmental Education -> 

Ecological Awareness 
0.576 0.586 0.094 5.809 0.000 

Environmental Education -> 

Pollution Reduction 
0.465 0.460 0.064 3.026 0.000 

Plastic Waste Management -> 

Ecological Awareness 
0.610 0.613 0.073 8.351 0.000 

Plastic Waste Management -> 

Pollution Reduction 
0.712 0.713 0.047 15.054 0.000 

Source: Process Data Analysis (2024) 

The hypothesis testing results reveal significant positive relationships among the variables. 

Environmental Education has a strong positive effect on Ecological Awareness, with a path 

coefficient of 0.576, T-statistics of 5.809, and P-values of 0.000, confirming statistical significance. Its 

effect on Pollution Reduction is moderate, with a path coefficient of 0.465, T-statistics of 3.026, and 

P-values of 0.000, supporting the hypothesis. Plastic Waste Management shows a strong positive 

relationship with Ecological Awareness, evidenced by a path coefficient of 0.610, T-statistics of 8.351, 

and P-values of 0.000. Its relationship with Pollution Reduction is very strong, with a path coefficient 

of 0.712, T-statistics of 15.054, and P-values of 0.000, indicating the highest statistical significance 
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among the tested hypotheses. These results validate the critical roles of environmental education and 

waste management in enhancing ecological awareness and reducing pollution. 

Discussion 

This study provides valuable insights into the relationships between environmental 

education, plastic waste management, ecological awareness, and pollution reduction in Jakarta. The 

findings confirm the significance of both environmental education and plastic waste management in 

shaping ecological awareness and reducing pollution, emphasizing their combined impact on 

sustainable urban development.  

1. Environmental Education and Its Role in Enhancing Ecological Awareness 

The significant positive relationship between environmental education and ecological 

awareness (β = 0.576, p < 0.001) underscores the importance of educational initiatives in fostering 

environmental consciousness. This aligns with previous research by [9], [19], [21], which emphasizes 

that environmental education equips individuals with the knowledge and attitudes necessary for 

sustainable behavior. In Jakarta, integrating environmental topics into formal education and public 

outreach programs has proven effective in raising awareness about critical issues such as plastic 

pollution. However, the study also highlights the need for more targeted educational programs that 

address specific local challenges to maximize their impact. 

2. Environmental Education and Pollution Reduction 

While environmental education has a significant direct effect on pollution reduction (β = 

0.465, p < 0.001), its impact is less pronounced than its effect on ecological awareness. This finding 

suggests that education's influence on pollution reduction is partly mediated by increased 

awareness. This is consistent with [19], [28], which posits that heightened ecological awareness 

drives pro-environmental behavior. Policymakers and educators should focus on designing 

educational interventions that not only inform but also empower individuals to take actionable steps 

toward reducing pollution. 

3. Plastic Waste Management as a Driver of Ecological Awareness 

Plastic waste management exhibited a strong positive effect on ecological awareness (β = 

0.610, p < 0.001), indicating that practical waste management systems enhance public understanding 

of environmental issues. Community-based waste management practices, such as recycling and 

waste segregation, contribute significantly to fostering ecological literacy. This finding supports 

prior research by [18], [29], [30], which highlights the role of waste management in promoting 

environmental sustainability. In Jakarta, expanding community participation and investing in 

efficient waste management infrastructure are essential for improving ecological awareness. 

4. Plastic Waste Management and Pollution Reduction 

Plastic waste management has the most substantial impact on pollution reduction (β = 0.712, 

p < 0.001), demonstrating its critical role in mitigating environmental degradation. This result aligns 

with [16], [29], [31], who emphasized that effective waste management systems are indispensable for 

addressing urban pollution challenges. In Jakarta, implementing robust policies to promote 

recycling, reduce plastic usage, and improve waste collection systems can significantly reduce 

pollution levels. The study also highlights the potential for integrating technological solutions, such 

as smart waste management systems, to further enhance these outcomes. 

5. The Mediating Role of Ecological Awareness 

Ecological awareness serves as a crucial mediator between the independent variables 

(environmental education and plastic waste management) and pollution reduction. This finding 
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reinforces the Theory of Planned Behavior [27], which posits that awareness influences attitudes and 

behaviors. Individuals with higher ecological awareness are more likely to adopt sustainable 

practices, such as reducing plastic consumption and participating in recycling programs. These 

results emphasize the interconnectedness of education, waste management, awareness, and 

behavior, suggesting that holistic approaches are necessary to achieve meaningful environmental 

outcomes. 

6. Policy and Practical Implications 

The findings of this study highlight key implications for policymakers and practitioners. 

Combining educational programs with practical waste management initiatives can create synergistic 

effects, enhancing ecological awareness and reducing pollution more effectively. Engaging local 

communities in waste management programs and providing education tailored to specific urban 

challenges can foster sustainable behavior change. Additionally, governments should prioritize 

policies that integrate environmental education with the implementation of advanced waste 

management systems to address environmental issues comprehensively and sustainably. 

7. Limitations and Future Research Directions 

While this study provides robust evidence of the relationships between the variables, it is 

not without limitations. The cross-sectional design limits the ability to draw causal inferences, and 

the focus on Jakarta restricts the generalizability of the findings to other urban areas. Future research 

could explore longitudinal data to examine changes in awareness and behavior over time, as well as 

investigate these relationships in different geographical and cultural contexts. 

 

CONCLUSION  

 This study highlights the significant impact of environmental education and plastic waste 

management on fostering ecological awareness and reducing pollution in Jakarta. Environmental 

education plays a vital role in raising awareness about environmental issues, while plastic waste 

management directly contributes to pollution reduction. Ecological awareness acts as a mediator, 

translating educational efforts and waste management practices into tangible environmental 

benefits. An integrated approach that combines education and waste management initiatives is 

essential to address urban pollution challenges effectively. Policymakers should focus on developing 

targeted educational programs and investing in robust waste management infrastructure to enhance 

awareness and achieve sustainable outcomes. However, the study's cross-sectional design and 

geographic focus on Jakarta limit the generalizability of its findings. Future research should adopt 

longitudinal approaches and explore diverse urban contexts to provide broader insights. Leveraging 

the synergies between education, waste management, and public awareness offers cities a pathway 

to sustainable environments that mitigate pollution and promote ecological well-being.. 

  

REFERENCES 

[1] L. V. T. Hartono, S. H. Supangkat, and I. Santosa, “Design of Waste Management Service Measurement Instrument 

for Smart City Assessment and Evaluation (Case Study of Bandung City),” in 2024 International Conference on ICT for 

Smart Society (ICISS), IEEE, 2024, pp. 1–7. 

[2] R. Martinez and I. N. Masron, “Jakarta: A city of cities,” Cities, vol. 106, p. 102868, 2020. 

[3] A. Haris and R. N. Mahendra, “Pemenuhan Hak Atas Akses Informasi Lingkungan Hidup terhadap Pencemaran 

Udara DKI Jakarta,” Aliansi J. Hukum, Pendidik. dan Sos. Hum., vol. 1, no. 5, pp. 121–128, 2024. 

[4] N. I. Soesilo and M. Alfarizi, “Psycho-social conditions of urban communities in the complexity of waste management: 

Are awareness and waste banks the main solution?,” Socioecon. Plann. Sci., vol. 93, p. 101834, 2024. 

[5] N. Ulhasanah et al., “Characterization of Microplastics in Jakarta’s Urban Downstream and Estuary Water Bodies.,” 

Ecol. Eng. Environ. Technol., vol. 25, no. 11, 2024. 

[6] A. Shodiq and N. F. Octarina, “Problems of Law Enforcement of Notary Code of Ethics in the Digital Era,” J. Justisia 

J. Ilmu Hukum, Perundang-Undangan Dan Pranata Sos., vol. 7, no. 2, p. 537, 2022. 



West Science Interdisciplinary Studies   

 

Vol. 02, No. 12, December and 2024: pp. 2432-2442 

 

2442 

[7] S. Malik, K. Muhammad, and Y. Waheed, “Artificial intelligence and industrial applications-A revolution in modern 

industries,” Ain Shams Eng. J., p. 102886, 2024. 

[8] M. E. O. Luna and J. O. Arce, “Fostering Environmental Consciousness: Insights From Engineering Education and 

Sustainability Initiatives,” in 2024 IEEE Global Engineering Education Conference (EDUCON), IEEE, 2024, pp. 1–5. 

[9] V. Hnatyuk, N. Pshenychna, S. Kara, V. Kolodii, and L. Yaroshchuk, “Education’s role in fostering environmental 

awareness and advancing sustainable development within a holistic framework,” Multidiscip. Rev., vol. 7, 2024. 

[10] K. Llopiz-Guerra, D. U. Ruiz, R. M. Hernandez, V. L. V. Mejia, J. D. R. J. Nunayalle, and K. R. Sanchez, “Importance 

of Environmental Education in the Context of Natural Sustainability,” Nat. Eng. Sci., vol. 9, no. 1, pp. 57–71, 2024. 

[11] A. Chamorro, S. Rubio, and F. J. Miranda, “Characteristics of research on green marketing,” Bus. Strateg. Environ., vol. 

18, no. 4, pp. 223–239, 2009. 

[12] P. M. R. Araújo, “Educação ambiental: A importância de falar sobre esse tema,” LUMEN ET VIRTUS, vol. 15, no. 39, 

pp. 3893–3899, 2024. 

[13] A. P. Daulay, S. R. M. Girsang, and M. A. Munthe, “PENYULUHAN PENDIDIKAN LINGKUNGAN DI 

KALANGAN PELAJAR SEKOLAH MENENGAH ATAS HOSANNA MEDAN,” J. Pengabdi. Pada Masy. METHABDI, 

vol. 3, no. 2, pp. 133–139, 2023. 

[14] A. R. Syam and S. Arifin, “Quality of Educational Services in Islam Perspective,” in WESTECH 2018: Proceedings of 1st 

Workshop on Environmental Science, Society, and Technology, WESTECH 2018, December 8th, 2018, Medan, Indonesia, 

European Alliance for Innovation, 2019. 

[15] A. D. Macheca et al., “Perspectives on plastic waste management: challenges and possible solutions to ensure its 

sustainable use,” Recycling, vol. 9, no. 5, p. 77, 2024. 

[16] R. D. Kherdekar and A. B. Ade, “Integrated approaches for plastic waste management,” Front. Microbiol., vol. 15, p. 

1426509, 2024. 

[17] P. Piyathilaka and K. Sirisena, “Sustainable Management for Urban Plastic Waste Generation,” in Sustainable 

Management of Urban Plastic Waste Through Circular Economic Approaches, CRC Press, 2024, pp. 104–147. 

[18] S. Fatimah, M. Rahayuningsih, A. Marianti, and A. Irambona, “Plastic waste management using a Life Cycle 

Assessment (LCA) approach: A step toward improving sustainability literacy,” DWIJA CENDEKIA J. Ris. Pedagog., 

vol. 8, no. 2, pp. 168–188, 2024. 

[19] M. del C. L. Zarate, J. M. Cruz-Montero, and M. M. C. Pita, “Ecological sustainability program in the development of 

environmental awareness of high school students,” Univ. Cienc. y Tecnol., vol. 28, no. Special, pp. 351–360, 2024. 

[20] L. Silva, A. Mendes, A. Gomes, and G. Fortes, “Fostering regulatory processes using computational scaffolding,” Int. 

J. Comput. Collab. Learn., vol. 18, no. 1, pp. 67–100, 2023. 

[21] D. D. Boermans, A. Jagoda, D. Lemiski, J. Wegener, and M. Krzywonos, “Environmental awareness and sustainable 

behavior of respondents in Germany, the Netherlands and Poland: A qualitative focus group study,” J. Environ. 

Manage., vol. 370, p. 122515, 2024. 

[22] F. Mahmood and S. Ali, “Harnessing Art as a Catalyst to Environmental Awareness,” in Cases on Collaborative 

Experiential Ecological Literacy for Education, IGI Global, 2024, pp. 111–131. 

[23] A. S. J. Abudurexiti, Z. Abulikemu, and J. P. Bavumiragira, “Circular Economy and Sustainable Development Goals 

in the Reduction of Global Nano (Micro) Plastic Pollution,” Polish J. Environ. Stud.. 

[24] T. Ayeri, Y. Guo, P. J. T. M. van Puijenbroek, N. Hofstra, A. M. J. Ragas, and M. Strokal, “Combined Effects of 

Treatment and Sewer Connections to Reduce Future Microplastic Emissions in Rivers,” Environ. Sci. Technol., 2024. 

[25] R. K. Sinha, R. Kumar, S. S. Phartyal, and P. Sharma, “Interventions of citizen science for mitigation and management 

of plastic pollution: Understanding sustainable development goals, policies, and regulations,” Sci. Total Environ., p. 

176621, 2024. 

[26] B. Wang, R. Yang, P. Bai, Q. Fang, and X. Jiang, “The Plastic-Reduction Behavior of Chinese Residents: Survey, Model, 

and Impact Factors,” Sustainability, vol. 16, no. 14, p. 6093, 2024. 

[27] I. Ajzen, “The theory of planned behavior,” Organ. Behav. Hum. Decis. Process., vol. 50, no. 2, pp. 179–211, 1991. 

[28] H. C. Terzioglu and A. Atalar, “The Impact of Human Capital on Environmental Awareness in Developed Countries,” 

in ESG and Ecosystem Services for Sustainability, IGI Global, 2024, pp. 383–404. 

[29] B. Jyotirmayee, I. P. Samal, S. Jena, and G. Mahalik, “Evaluation of the Impacts of Eco-Friendly Methods for Managing 

Plastic Waste,” in Sustainable Management of Urban Plastic Waste Through Circular Economic Approaches, CRC Press, pp. 

148–163. 

[30] Š. Dermol and V. Dermol, “Exploring Online Education for Circular Economy: Content Analysis and Didactical 

Approaches in Plastic Waste Management Courses,” Int. J. Manag. Knowl. Learn., vol. 13, 2024. 

[31] J. E. Agori, E. A. Eseha, J. Oba, and O. L. Umukoro, “COST-BENEFIT ANALYSIS OF PLASTIC WASTE MITIGATION 

STRATEGIES IN UGHELLI, DELTA STATE, NIGERIA,” 2024. 

 


