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Abstract: Integrating sustainability into curricula is crucial for preparing students to address global 
environmental challenges. This systematic literature review, conducted using the PRISMA methodology, 
focuses on identifying effective pedagogical strategies for integrating sustainability into curricula and 
examines their impacts on students' learning outcomes. By analyzing 28 articles published between 2019 and 
2024, the review highlights key pedagogical strategies such as problem-based learning, project-based learning, 
and service learning. These approaches are applied across various educational levels, including school, pre-
university, and university settings. Additionally, it highlights the impacts of these integrations on students' 
learning outcomes, including the development of Education for Sustainable Development (ESD) 
competencies, fostering sustainability literacy, fostering global citizenship, and preparing students for 
sustainability-related careers. These findings provide valuable insights for educators and institutions aiming 
to effectively integrate sustainability into education, thereby equipping students with the necessary skills and 
knowledge to tackle global environmental challenges and contribute to a sustainable future. 
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Introduction 
The environmental and socio-economic challenges of the 21st century, including climate change, biodiversity 
loss, and food security have heightened global attention and urgency for sustainable development (Mahamad 
Dom et al., 2023; Saleem et al., 2024; Wani et al., 2024). The sustainability discourse is increasingly framing 
these critical issues and emphasizing the urgent need for collective human action (Soler-i-Martí et al., 2024). 
In this context, Giangrande et al. (2019) highlights the crucial role of educational institutions in providing 
students with the knowledge, skills, values, and attitudes needed to address these complex issues. Therefore, 
the term Education for Sustainable Development (ESD) was introduced to clarify the role of educational 
institutions in equipping students with the necessary skills to understand and address the challenges of 
sustainabilty (Chinedu et al., 2023; Holst, 2023).  

However, despite its importance, ESD faces significant implementation challenges, particularly in 
terms of integrating and emphasizing sustainability into curricula (Acevedo-Duque et al., 2023; Corres et al., 
2024; Oggla & Soneryd, 2023). These include variations in curricula that may not consistently integrate 
sustainability across different countries and educational levels (Parry & Metzger, 2023; Zainal Abidin et al., 
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2024). Often, sustainability education is perceived as an add-on rather than an integral part of the curriculum, 
leading to inconsistent application and effectiveness (Holst et al., 2024; Holst, Singer‐Brodowski, et al., 2024). 
Furthermore, systemic barriers such as high stakes testing and a lack of teacher training heighten these 
challenges (Parry & Metzger, 2023; Zainal Abidin et al., 2024).  

This systematic literature review aims to address this gap by compiling and analysing scholarly articles 
to identify key pedagogical strategies for integrating sustainability into curricula and assessing the impact of 
these strategies on students’ learning outcomes. It provides evidence that integrating sustainability can lead to 
substantial benefits. This study also aims to provide actionable recommendations for educators and 
policymakers to enhance ESD implementation. By focusing on these objectives, the study supports efforts to 
overcome barriers to ESD integration, ensuring that students are well-prepared to tackle complex global 
challenges and fostering a more sustainable future. 
 
Methodology 
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was chosen for this 
study because it provides a standardized framework that enhances the transparency and reproducibility of 
systematic reviews. By using PRISMA, the methodology ensures that all relevant studies are identified, 
assessed, and synthesized comprehensively. This approach enhances the reliability of the review by 
minimizing bias and allowing for a clear presentation of how studies were selected and analysed. In this study, 
a systematic literature review was conducted in four distinct phases to effectively address the research 
question, ensuring that the review was both comprehensive and focused. These phases are: 

 
Phase 1: Identification Phase 
The databases used for this systematic literature search were ScienceDirect, Google Scholar, and Education 
Resources Information Center (ERIC). These databases were selected due to their extensive coverage of 
academic literature relevant to sustainability and education, making them ideal for capturing a wide range of 
studies aligned with our research focus. The timeframe from 2019 to 2024 was chosen to ensure that the review 
includes the most recent developments and trends in sustainability education, particularly following the 
adoption of the United Nations Sustainable Development Goals (SDGs). This period reflects current priorities 
and innovations in curriculum design. Specific search terms used for each database are detailed in Table 1, 
while Table 2 provides an overview of additional criteria considered during article selection.  

 
Table 1. The search string Table 2. Inclusion and exclusion criteria 

 

 

 
 
Phase 2: Screening Phase  
During the screening phase, all duplicate articles identified in the search across ScienceDirect, Google Scholar, 
and ERIC were removed. The remaining articles were then carefully reviewed to ensure they met the criteria 
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outlined in Table 2.  This step was essential to streamline the dataset by focusing only on studies that 
potentially contribute to the research objectives. 

 
Phase 3: Eligibility Phase  
In the eligibility phase, an in-depth evaluation was conducted to assess the relevance and quality of the 
collected articles.  Each article was required to meet the criteria specified in Table 1. This phase was crucial 
for ensuring that the data included in this study was both high-quality and reliable, thereby strengthening the 
validity of the review's findings. 

 
Phase 4: Exclusion Phase  
Following confirmation of article eligibility in phase 3,  any remaining articles that did not meet specific 
inclusion criteria were excluded from the systematic literature review. Exclusions were based on several 
factors: articles not written in English, those not published in journals, publications dated before 2019, studies 
focused on preschool education, and those unrelated to curriculum design, Education for Sustainable 
Development (ESD), or the integration of Sustainable Development Goals (SDGs) into curricula.  

Figure 1 illustrates a detailed overview of this multi-phase process from identification through 
exclusion, using a PRISMA flow diagram.  
 
 

 
Figure 1. PRISMA flow diagram 

 
Findings 
In this section, we will discuss the trends in publications, geographical distribution, key pedagogical strategies, 
and the impact of integrating sustainability into educational curricula. 
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1. Publication Trends  
The analysis of publication trends in integrating sustainability into curricula from 2019 to 2024 reveals a 
dynamic and evolving landscape. Figure 2 illustrates these trends, showing a total of 28 articles analyzed over 
six years: three in 2019, six in 2020, five in 2021, three in 2022, four in 2023, and seven in 2024. This pattern 
highlights a fluctuating interest, beginning with an initial surge from 2019 to 2020, where publications 
doubled. This increase reflects a growing global emphasis on sustainability, likely driven by international 
initiatives such as the Sustainable Development Goals (SDGs) (García-González et al., 2020; Kioupi & 
Voulvoulis, 2019; Schina et al., 2020).  

However, the decline from 2020 to 2022 may be attributed to the COVID-19 pandemic, which shifted 
academic priorities and posed challenges for research and publication processes (Martín-Blanco et al., 2022; 
Wang & Huang, 2021). Additionally, the pandemic made it challenging for countries to achieve the SDGs 
(Mangwanya & Uwizeyimana, 2023). This period likely indicates a temporary reallocation of focus or 
constraints in funding for sustainability research (Arora & Sarker, 2023; Yuan et al., 2023). 
 

 
Figure 2. Publication trends 

 
By 2023, there was a recovery in publication numbers, followed by a significant rise in 2024. This 

resurgence is likely driven by heightened global urgency around climate change and policy changes that 
emphasize integrating sustainability into education (Dean & Elliott, 2022; McKenzie, 2021; Wildemeersch et 
al., 2023). Additionally, post-pandemic adaptations have facilitated renewed focus and resource allocation 
toward sustainability research (Morrissey & Heidkamp, 2022; Zanoletti et al., 2021). Research technology 
and methodology advances have also enabled more innovative investigations, contributing to increase 
publications (Bryda & Costa, 2023; Pal, 2023). Overall, this trend highlights the complex interplay of global 
events, policy developments, funding availability, and societal priorities shaping academic interest in 
sustainability education. Continued support and investment are crucial to addressing ongoing and future 
challenges in sustainable development. 

 
2. Geographical Distribution of Studies 
The data from the table and chart below highlights the geographical distribution of studies on integrating 
sustainability into curricula. Table 3 lists a total of 28 articles, revealing the geographical distribution of 
studies on integrating sustainability into curricula. Spain and Malaysia are the most prominent contributors, 
each with five studies, indicating a concentrated effort and possibly strong institutional frameworks supporting 
sustainability education in these countries. Indonesia follows with three studies, showing significant regional 
interest. 
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Table 3. List of articles and countries 

 

 
Figure 3. Study Distribution by Region 

 

 
The data also highlights contributions from diverse regions including Nigeria, Germany, Norway, and 

Latin America, each represented by one study. This diversity underscores a global recognition of the 
importance of sustainability in education but also highlights uneven research activity across different regions. 
Additionally, some studies involve cross-country collaborations, such as those between Ireland and Malawi 
or Qatar, Singapore, and New Zealand, which facilitate the exchange of ideas and best practices.  

However, regions like Africa and parts of Asia remain underrepresented compared to Europe and 
Southeast Asia, indicating potential research gaps that could be addressed to provide a more balanced global 
perspective. Next, studies covering multiple countries or regions, such as those involving 14 or 53 countries, 
suggest efforts to understand sustainability education on a larger scale.  These broad-scope studies can offer 
valuable insights into common challenges and successful strategies across different contexts.  

The chart in Figure 4 illustrates the distribution of studies by region, with a significant concentration 
in Europe (45%) and Asia (22%). This reflects earlier observations of notable contributions from countries 
such as Spain and Malaysia. Conversely, the Americas, Africa, and studies with an international focus each 
represent only 11% of the total. This suggests opportunities for research expansion to achieve a more balanced 
global representation. Increasing efforts in these underrepresented regions could enhance the understanding 
and implementation of sustainability practices in educational curricula worldwide.  

 
3. Key Pedagogical Strategies for Integrating Sustainability into Curricula 
This discussion highlights key pedagogical strategies for integrating sustainability into curricula, as frequently 
mentioned in research articles. Among these strategies, problem-based learning (PBL) is the most frequently 
cited, with seventeen mentions. It is followed by project-based learning, which is mentioned eleven times, 
and service learning, noted eight times. These approaches are widely recognized for their effectiveness in 
promoting ESD.  
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Figure 4. Key pedagogical strategies for integrating sustainability into curricula 
 
Problem-Based Learning 
Problem-based learning (PBL) is particularly relevant for sustainability education, as it encourages critical 
thinking and problem-solving skills (Golightly et al., 2023; Havenga et al., 2023; Pough, 2023). Based on the 
data below, Malaysia and Spain are at the forefront of integrating PBL into their educational systems, with 
Malaysia leading with four articles and Spain following closely with three articles.  
 

Table 4. Problem-based learning articles by count

 

 
Figure 5. Number of articles on project-based  

learning 

In Malaysia, for example, the Southeast Asian Ministers of Education Organization Regional Centre 
for Education in Science and Mathematics (SEAMEO RECSAM) plays a significant role in advancing PBL. 
The organization conducts regular courses to equip teachers with the skills necessary to implement PBL 
effectively in classrooms. They organize workshops focusing on global issues such as climate change, non-
sustainable energy sources, and deforestation. By addressing these topics, SEAMEO RECSAM helps teachers 
guide students in exploring real-world problems through PBL, thereby fostering critical thinking and problem-
solving skills essential for sustainable development (Shamuganathan, 2023).  

Similarly, Spain has also made significant progress in implementing PBL into ESD. One example is 
integration into Initial Teacher Training programs. These initiatives are designed to promote changes in 
consumption habits and cultivate sustainability competencies among future educators (Albareda-Tiana et al., 
2019).  By embedding sustainability into teacher training, Spain ensures that new educators are well-prepared 
to integrate these essential concepts into their teaching practices. 

Next, Indonesia is also recognizing the value of PBL, as reflected in two articles highlighting its 
effectiveness in enhancing educational outcomes, particularly in environmental education. The Indonesian 
government has implemented PBL in university courses (Astuti et al., 2023) and vocational education 



e-Bangi: Journal of Social Sciences & Humanities 109  

 

(Aritonang, 2022) to develop practical skills and sustainability competencies among students. These efforts 
demonstrate Indonesia's commitment to using PBL as a tool for fostering sustainability across various 
educational contexts.  

Overall, the implementation of PBL across different countries underscores its flexibility and 
effectiveness as a teaching strategy for promoting sustainability competencies. By engaging students with 
real-world problems, PBL not only enhances educational outcomes but also prepares students to address the 
complex challenges of sustainable development (SD).  
 
Project-Based Learning 
Project-Based Learning (PjBL) is recognized as an effective strategy for integrating sustainability into the 
curriculum, offering students a practical, hands-on approach that prepares them for real-life challenges (Kong 
et al., 2024; Tong, 2024; Zha et al., 2024). Based on the data below, Spain is leading the way in integrating 
PjBL into its educational system, as highlighted by three articles. The Spanish government acknowledges the 
importance of PjBL, particularly in fostering ESD. This commitment is evident through several initiatives, 
including the Spanish National Organic Law 3/2020, which requires educational institutions to adapt their 
curricula to address social, economic, and environmental changes. This law promotes the use of active 
methodologies, including PjBL, to advance ESD and align with the SDGs (Lozano et al., 2022).  
 

Table 5. Project-based learning articles by country

  
Figure 6. Number of articles on project-based learning  

 
Malaysia is also making significant progress in integrating PjBL into its educational systems. Two 

articles highlight Malaysia's efforts, with one focusing specifically on Malaysia and the other including both 
Malaysia and Indonesia. In Malaysia, PjBL is actively implemented in  Technical and Vocational Education 
and Training (TVET) institutions, such as Kolej Komuniti and Politeknik, to bridge the gap between academic 
knowledge and practical skills, aligning with industrial demands (Bakar et al., 2019). Additionally, research 
by Siew et al. (2020) demonstrates that the integration of PjBL in Malaysian education can foster ESD 
competencies by engaging students in real-world problem-solving and societal-based projects.  

In addition to Spain and Malaysia, several other countries, including Germany, Ukraine, and Indonesia, 
are highlighted for their integration of PjBL into curricula. Furthermore, a comprehensive study, which 
includes insights from 53 countries, illustrates the global recognition of PjBL as an effective educational 
strategy. Overall, these efforts highlight the diverse applications and benefits of PjBL in various educational 
contexts and countries. 
 
Service Learning 
Service learning is another significant strategy, appearing in eight articles. This approach combines learning 
objectives with community service (Álvarez-Vanegaset al., 2024). This strategy allows students to apply 
academic knowledge to practical situations, thereby enhancing their learning experience and understanding of 
real-world problems (onzález-Cespón et al., 2024; Naufal et al., 2024). The data below shows that Spain and 
Malaysia are leading in integrating service learning into their educational systems, with Spain highlighted in 
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two articles and Malaysia appearing twice, once individually and once alongside Indonesia. In Spain, service 
learning is utilized as a tool to implement ESD effectively. This approach aligns with the SDGs by promoting 
social responsibility and community engagement among students (González-Sánchez et al., 2020). 
 

Table 6. Service-learning articles by country 

 
 

Figure 7. Number of articles on service learning  
 
Malaysia also actively working on mainstreaming ESD through various programs and 

partnerships. For example, SULAM is an initiative led by the Ministry of Education (MOE) to integrate 
service learning into higher education as part of the Malaysia Education Blueprint 2015–2025. It aims to 
produce holistic graduates prepared for both academic and civic responsibilities. SULAM emphasizes 
experiential learning where students engage in activities that addressing community needs, aligning with ESD 
by promoting SDGs through practical engagement (Naufal et al., 2024).  However, there is no significant 
difference between Spain, Malaysia, and other countries as shown in the graph above. This indicates that 
service learning is being integrated across various regions, reflecting a global commitment to integrate 
sustainability into education. 

 
4. The Impact of Integrating Sustainability into Curricula on Students’ Learning Outcomes 
Figure 8. illustrates the number of articles that discuss the impact of integrating sustainability into curricula 
on student learning outcomes. It shows that 23 articles mention the development of ESD competencies, 
highlighting a strong focus on enhancing students' critical thinking and problem-solving skills. Similarly, 23 
articles mention fostering sustainability literacy, indicating that this aspect is equally emphasized in the 
literature. Meanwhile, 19 articles discuss the impact of integrating sustainability into curricula on fostering 
global citizenship and preparing students for sustainability-related careers. While these areas receive slightly 
less emphasis than others, they remain significant in shaping a comprehensive educational approach. This 
highlights the importance of equipping students with the skills and awareness needed to navigate and 
contribute to a sustainable future. 
 

 
Figure 8. The impact of integrating sustainability into curricula on students’ learning outcomes 
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ESD Competencies Development  
The data from the bar and pie chart below illustrate the impact of integrating sustainability into curricula on 
the development of students'  ESD competencies, highlighting differences between countries and educational 
levels. The bar chart shows that Spain, Malaysia, and Indonesia lead in research or implementation efforts, 
indicating a strong focus on ESD due to their proactive educational policies and initiatives aimed at embedding 
sustainability into their curricula. In Spain, for example, there is a notable emphasis on assessing sustainability 
competencies within higher education, particularly in engineering and education degrees. This assessment 
helps quantify how well ESD objectives are being met and allows for comparisons across different fields of 
study (Sánchez-Carracedo et al., 2021). Similarly, Malaysian universities are actively integrating ESD through 
organizational adoption and transformative strategies, highlighting their commitment to sustainability 
education (Syed-Abdullah et al., 2023). 
 

  
Figure 9. Number of articles by country Figure 10. Distribution of articles by educational level 

 
The pie chart further breaks down this focus by educational level in these countries. It reveals that 56% 

of the articles concentrate on university-level education. This significant focus highlights the role of 
universities in developing sustainability competencies, as they are crucial in fostering critical thinking, 
research, and leadership skills essential for addressing complex sustainability challenges (Filho, Sierra, et al., 
2024; Price et al., 2021). Meanwhile, 32% of the articles concentrate on school-level education, highlighting 
efforts to integrate sustainability into curricula and equip students with the knowledge and skills needed to 
tackle real-world environmental issues (Mihăescu, 2020). Additionally, 8% of the articles cover both school 
and university levels, while only 4% focus on pre-university education. This distribution reflects an attempt 
to embed sustainability across various educational stages. However, the relatively low emphasis on 
educational levels other than higher education indicates a potential gap in developing sustainability attitudes 
during early education. To ensure a holistic development of ESD competencies, it is crucial to enhance efforts 
at all educational levels, fostering a cultural shift towards sustainability from an early age (Redman & Wiek, 
2021). 

 
Foster Sustainability Literacy 
The data from the bar and pie chart below highlights the global impact of integrating sustainability into 
curricula, emphasizing its role in fostering students' sustainability literacy. The bar chart shows that Spain and 
Malaysia are leading with six articles each, followed by Indonesia with five, indicating these countries' active 
engagement in promoting sustainability education.  This high number of articles suggests a strong regional 
commitment to sustainability education.  In Spain, this commitment is driven by strategic institutional 
responses and national policies like the Royal Decree 822/2021, which encourages integrating SDGs into 
curricula (Andrades et al., 2024). In Indonesia, the Adiwiyata program demonstrates the implementation of 
sustainability in curricula across rural and urban areas, fostering environmental awareness and conservation 
efforts among students (Sagala, 2019). 
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Figure 11. Number of articles by country Figure 12. Distribution of articles by educational level 
 

The pie chart categorizes the educational levels emphasized in these countries. The pie chart shows 
that 80% of the efforts to foster sustainability literacy are concentrated at the university level, highlighting the 
significant role of higher education institutions. Universities have the resources and research capabilities to 
effectively integrate sustainability into their curricula, preparing students for global challenges like climate 
change and resource management (Filho et al. 2024). However, this strong emphasis on universities might 
limit the reach of sustainability education, potentially neglecting primary and secondary education levels 
where early attitudes toward sustainability can be nurtured. To fully achieve the SDGs, a more inclusive 
approach is needed, integrating sustainability across all educational levels  (Parry & Metzger, 2023; Rad et 
al., 2022). While universities are crucial for developing informed leaders, a broader strategy is needed to 
promote sustainability literacy from early education onwards (Sharma, 2023). This comprehensive approach 
would ensure a cultural shift towards sustainability, equipping individuals at all life stages with essential 
knowledge and skills for a sustainable future (Biswas et al., 2021; Dahl, 2019). 

 
Foster Global Citizenship 
The data from the bar and pie charts below highlights that articles discussing the integration of sustainability 
into curricula emphasize its impact on fostering global citizenship among students. Spain leads with five 
articles on this topic, followed by Indonesia and Malaysia with three each. These countries recognize the 
advantages of fostering global citizenship and are actively working to achieve this goal.   
 

 
Figure 13. Number of articles by country 

 
Figure 14. Distribution of articles by educational level 

 
In Spain, the education system integrates citizenship education as part of its curriculum, emphasizing 

democratic values, tolerance, and social responsibility. The inclusion of subjects like Education for 
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Citizenship and Human Rights reflects Spain's strategic approach to foster global awareness among students 
(García-Alvarez & Arias-García, 2022). In Indonesia, global citizenship education (GCE) is gradually being 
integrated into the school curriculum (Mahpudz, 2023). Although GCE is not yet fully embedded in all 
educational levels in Indonesia, efforts are underway to enhance civic education with a global perspective 
(Usmia & Samsuri, 2023). Next, Malaysia’s approach to GCE involves embedding these principles within 
existing subjects to promote the principles and values of global citizenship (Zakaria et al., 2021).  

The pie chart categorizes articles by educational level, showing that 63% of articles focus on 
university-level initiatives. This highlights the significant role of higher education institutions in promoting 
global citizenship, as universities often have the resources and platforms to engage in international 
collaborations and research (Grad & van der Zande, 2022). However, the chart also shows that 32% of efforts 
are at the school level, and 5% span both school and university levels. This indicates a growing recognition 
of the importance of introducing global citizenship concepts early in education (Torres & Bosio, 2020). 
Therefore, a more inclusive approach is needed to ensure that concepts of global citizenship are integrated 
across all educational levels (Estellés & Fischman, 2021). A comprehensive strategy involving primary, 
secondary, and higher education can foster a cultural shift towards embracing global citizenship, ensuring 
individuals are prepared to contribute positively to a diverse and interconnected society. 

 
Prepare Students for Sustainability-Related Career 
The data from the bar chart and pie chart below provides a comprehensive overview of the global focus on 
integrating sustainability into curricula to prepare students for sustainability-related careers. The bar chart 
shows that Spain leads with four articles, closely followed by Malaysia with three, reflecting these countries’ 
dedication to prepare students for sustainability careers, through initiatives that emphasize practical 
applications and industry collaboration (Rizwan et al., 2021; Ursić et al., 2022).  Indonesia and Nigeria, each 
with two articles, show moderate engagement, indicating a growing interest in enhancing sustainability 
education. Other countries, such as Germany and Ireland, have one article each, highlighting a widespread but 
varied global interest in sustainability education. 
 

 
Figure 15. Number of articles by country 

 
Figure 16. Distribution of articles by educational level 

 
The pie chart categorizes these articles by educational level, showing that 69% focus on the university 

level, emphasizing the crucial role of higher education in preparing students for sustainability-related careers. 
In Malaysia, for example, the UTM-Industry Innovation Exchange (UNIX) program at Universiti Teknologi 
Malaysia exemplifies effective collaboration in this area, addressing immediate educational needs and 
contributing to long-term career sustainability (Abd Manan & Alwi, 2020). However, only 26% and 5% of 
articles focus on school and pre-university levels, respectively, highlighting a significant gap in early-stage 
education. This imbalance suggests missed opportunities to integrate sustainability concepts at foundational 
stages, which are essential for developing a comprehensive understanding and commitment to sustainability 
from a young age (Collins & Garrity, 2023; Sihvonen et al., 2024). Addressing this gap could involve 
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integrating sustainability into school curricula and providing experiential learning opportunities that connect 
students with real-world environmental issues (Butler, 2022; Martínez-Borreguero et al., 2024). Such efforts 
would ensure that students develop the necessary skills and knowledge for sustainability-related careers early 
on, ultimately fostering a generation equipped to contribute meaningfully to the SDGs (Hamadi et al., 2024). 
 
Conclusion 
This systematic literature review emphasizes the importance of integrating sustainability into curricula to 
equip students with the knowledge, skills, and values needed to address complex global challenges. The 
diverse pedagogical strategies identified, such as problem-based learning, project-based learning, and service 
learning, demonstrate a global commitment across various educational levels and disciplines. Policymakers 
can leverage these findings to develop educational policies that mandate the integration of sustainability, 
ensuring consistency and quality in ESD. Standardizing framework that supports educators in embedding 
sustainability can significantly enhance implementation. Educational institutions can redesign curricula to 
prioritize sustainability by implementing active learning strategies. These approaches foster critical thinking 
and global citizenship while also preparing students to become proactive participants in sustainable practices.  

Establishing partnerships with industry and community organizations can provide students with real-
world learning opportunities, thereby enhancing the practical applications of sustainability concepts. Future 
research should explore the long-term impacts of ESD on students’ career paths and personal sustainability 
practices through longitudinal studies. Additionally, investigating cross-cultural effectiveness, the role of 
digital technologies, and interdisciplinary teaching strategies could offer tailored approaches for diverse 
educational settings. By addressing these areas, future research can refine our understanding of effective ESD 
practices, contributing to a more sustainable future. 
 
Acknowledgement: This research was conducted without financial support or research grants from any 
organization.  
 
Conflicts of Interest: The authors declare no conflict of interest. 
 
References  
Abd Manan, Z., & Alwi, S. R. W. (2020). Driving a sustainable university-industry partnership. In Sustainable 

organizations—Models, applications, and new perspectives. 
IntechOpen. https://doi.org/10.5772/intechopen.94990. 

Acevedo-Duque, Á., Jiménez-Bucarey, C., Prado-Sabido, T., Fernández-Mantilla, M. M., Merino-Flores, I., 
Izquierdo-Marín, S. S., & Valle-Palomino, N. (2023). Education for sustainable development: 
Challenges for postgraduate programmes. International Journal of Environmental Research and 
Public Health, 20(3), Article 1759. https://doi.org/10.3390/ijerph20031759.  

Albareda-Tiana, S., García-González, E., Jiménez-Fontana, R., & Solís-Espallargas, C. (2019). Implementing 
pedagogical approaches for ESD in initial teacher training at Spanish universities. Sustainability, 
11(18), 4927. https://doi.org/10.3390/su11184927. 

Álvarez-Vanegas, A., Ramani, S. V., & Volante, L. (2024). Service-learning as a niche innovation in higher 
education for sustainable development. Frontiers in Education, 9, Article 
1291669. https://doi.org/10.3389/feduc.2024.1291669. 

Andrades, J., Martinez-Martinez, D., & Larrán, M. (2024). Sustainability reporting, institutional pressures and 
universities: Evidence from the Spanish setting. Sustainability Accounting, Management and Policy 
Journal. Advance online publication. https://doi.org/10.1108/SAMPJ-07-2023-0455. 

Aritonang, M. (2022). Project-based learning for Indonesian vocational teachers in the new 
normal. International Journal of Practices in Teaching and Learning (IJPTL), 
2(2). http://ir.uitm.edu.my/id/eprint/76449/1/76449.pdf 

https://doi.org/10.5772/intechopen.94990
https://doi.org/10.3390/ijerph20031759
https://doi.org/10.3390/su11184927
https://doi.org/10.3389/feduc.2024.1291669
https://doi.org/10.1108/SAMPJ-07-2023-0455
http://ir.uitm.edu.my/id/eprint/76449/1/76449.pdf


e-Bangi: Journal of Social Sciences & Humanities 115  

 

Arora, R. U., & Sarker, T. (2023). Financing for sustainable development goals (SDGs) in the era of COVID-
19 and beyond. The European Journal of Development Research, 35(1), 
1. https://doi.org/10.1057/s41287-022-00571-9. 

Astuti, R., Dewi, S., Fujiarti, H. S., & Herawati, D. T. (2023). The implementation of problem-based learning 
in the teaching of reading at higher education level. English Education and Applied Linguistics Journal 
(EEAL Journal), 6(3), 133-146. https://doi.org/10.31980/eeal.v6i3.72.  

Bakar, N. I. A., Noordin, N., & Razali, A. B. (2019). Effectiveness of project-based learning in improving 
listening competency among ESL learners at a Malaysian TVET College. The English Teacher, 
48(1). https://meltajournals.com/index.php/TET/article/view/45/43. 

Biswas, S. S., Ahad, M. A., Nafis, M. T., Alam, M. A., & Biswas, R. (2021). Introducing “α-Sustainable 
Development” for transforming our world: A proposal for the 2030 agenda. Journal of Cleaner 
Production, 321, 129030. https://doi.org/10.1016/j.jclepro.2021.129030. 

Bryda, G., & Costa, A. P. (2023). Qualitative research in digital era: Innovations, methodologies and 
collaborations. Social Sciences, 12(10), 570. https://doi.org/10.3390/socsci12100570. 

Butler, M. (2022). Interdisciplinary experiential learning during COVID-19: Lessons learned and reflections 
for the future. Journal of Environmental Studies and Sciences, 12(2), 369-
377. https://doi.org/10.1007/s13412-021-00734-w. 

Chinedu, C. C., Saleem, A., & Wan Muda, W. H. N. (2023). Teaching and learning approaches: Curriculum 
framework for sustainability literacy for technical and vocational teacher training programmes in 
Malaysia. Sustainability, 15(3), 2543. https://doi.org/10.3390/su15032543. 

Collins, S., & Garrity, S. (2023). Early childhood educators’ understanding of education for sustainable 
development. Irish Educational Studies, 1-19. https://doi.org/10.1080/03323315.2023.2266688. 

Corres, A., Ruiz-Mallén, I., & Rieckmann, M. (2024). Educators’ competences, motivations and teaching 
challenges faced in education for sustainable development: what are the interlinkages? Cogent 
Education, 11(1), 2302408. https://doi.org/10.1080/2331186X.2024.2302408.  

Dahl, A. L. (2019). The UN 2030 agenda to transform the world: where are we now. Paper presented at the 
15th ECPD International Conference, paper available at https://iefworld.org/ddahl19e. 

Dean, S. N., & Elliott, S. (2022). Urgency, equity, and agency: An assemblage of global concerns and interests 
in early childhood education for sustainability. International Journal of Early Childhood 
Environmental Education, 9(2), 56-68. https://files.eric.ed.gov/fulltext/EJ1350521.pdf. 

Estellés, M., & Fischman, G. E. (2021). Who needs global citizenship education? A review of the literature 
on teacher education. Journal of Teacher Education, 72(2), 223-
236. https://doi.org/10.1177/0022487120920254. 

Filho, W. L., Sierra, J., Price, E., Eustachio, J. H. P. P., Novikau, A., Kirrane, M., ... Salvia, A. L. (2024). The 
role of universities in accelerating the sustainable development goals in Europe. Scientific Reports, 
14(1), Article 15464. https://doi.org/10.1038/s41598-024-65820-9.  

Filho, W. L., Trevisan, L. V., Dinis, M. A. P., Ulmer, N., Paço, A., Borsari, B., . . . Salvia, A. (2024). Fostering 
students’ participation in the implementation of the sustainable development goals at higher education 
institutions. Discover Sustainability, 5(1), 22.  

Filho, W. L., Trevisan, L. V., Dinis, M. A. P., Ulmer, N., Paço, A., Borsari, B., ... Salvia, A. (2024). Fostering 
students’ participation in the implementation of the sustainable development goals at higher education 
institutions. Discover Sustainability, 5(1), Article 22. https://doi.org/10.1007/s43621-024-00204-7.  

García-Alvarez, D., & Arias-García, J. (2022). Creating European citizens through citizenship, geography, 
and history education: A temporal and regional analysis of the Spanish curriculum. European Journal 
of Geography, 13(1), 1-21. https://doi.org/10.48088/ejg.d.gar.13.1.1.21. 

García-González, E., Jiménez-Fontana, R., & Azcárate, P. (2020). Education for sustainability and the 
sustainable development goals: Pre-service teachers’ perceptions and knowledge. Sustainability, 
12(18), Article 7741. https://doi.org/10.3390/su12187741. 

Giangrande, N., White, R. M., East, M., Jackson, R., Clarke, T., Saloff Coste, M., & Penha-Lopes, G. (2019). 
A competency framework to assess and activate education for sustainable development: Addressing 

https://doi.org/10.1057/s41287-022-00571-9
https://doi.org/10.31980/eeal.v6i3.72
https://meltajournals.com/index.php/TET/article/view/45/43
https://doi.org/10.1016/j.jclepro.2021.129030
https://doi.org/10.3390/socsci12100570
https://doi.org/10.1007/s13412-021-00734-w
https://doi.org/10.3390/su15032543
https://doi.org/10.1080/03323315.2023.2266688
https://doi.org/10.1080/2331186X.2024.2302408
https://iefworld.org/ddahl19e
https://files.eric.ed.gov/fulltext/EJ1350521.pdf
https://doi.org/10.1177/0022487120920254
https://doi.org/10.1038/s41598-024-65820-9
https://doi.org/10.1007/s43621-024-00204-7
https://doi.org/10.48088/ejg.d.gar.13.1.1.21
https://doi.org/10.3390/su12187741


e-Bangi: Journal of Social Sciences & Humanities 116  

 

the UN sustainable development goals 4.7 challenge. Sustainability, 11(10), Article 
2832. https://doi.org/10.3390/su11102832.  

Golightly, A., Sebatana, M. J., Bunt, B. J., Jacobson, T. E., Mackey, T. P., Blignaut, H., ... Jordaan, T. 
(2023). Problem-based learning and pedagogies of play: Active approaches towards self-directed 
learning. AOSIS. https://doi.org/10.4102/aosis.2023.BK409. 

González-Cespón, J. L., Alonso-Rodríguez, J. A., Rodríguez-Barcia, S., Gallego, P. P., & Pino-Juste, M. R. 
(2024). Enhancing employability skills of biology graduates through an interdisciplinary project-based 
service learning experience with engineering and translation undergraduate students. Education 
Sciences, 14(1), Article 95. https://doi.org/10.3390/educsci14010095. 

González-Sánchez, R., Medina-Salgado, S., Torrejón-Ramos, M., González-Mendes, S., & Alonso-Muñoz, 
S. (2022). The service-learning methodology as a facilitating tool for education for sustainable 
development (ESD). REIRE Revista d’Innovació i Recerca en Educació, 15(2), 1–
9. https://doi.org/10.1344/reire.38357. 

Grad, J. M., & van der Zande, I. (2022). Cultivating global citizenship through higher education: A reflection 
on the development from civic to global engagement. Education Sciences, 12(11), Article 
766. https://doi.org/10.21827/648c59a2087f2. 

Hamadi, M., Imtinan, U., & Namisango, F. (2024). Sustainability education in information systems’ curricula: 
A conceptual research framework. Education and Information Technologies, 1-
19. https://doi.org/10.1007/s10639-023-12409-w. 

Havenga, M., Olivier, J., Bunt, B. J., Oueriagli, A., Dhakulkar, A., Golightly, A., ... du Toit-Brits, C. 
(2023). Problem-based learning and pedagogies of play. 
AOSIS. https://doi.org/10.4102/aosis.2023.BK409.  

Holst, J. (2023). Towards coherence on sustainability in education: A systematic review of whole institution 
approaches. Sustainability Science, 18(2), 1015-1030. https://doi.org/10.1007/s11625-022-01226-8.  

Holst, J., Grund, J., & Brock, A. (2024). Whole institution approach: Measurable and highly effective in 
empowering learners and educators for sustainability. Sustainability Science, 1-
18. https://doi.org/10.1007/s11625-024-01506-5.  

Holst, J., Singer‐Brodowski, M., Brock, A., & de Haan, G. (2024). Monitoring SDG 4.7: Assessing education 
for sustainable development in policies, curricula, training of educators and student assessment (input‐
indicator). Sustainable Development. Advance online publication. https://doi.org/10.1002/sd.2865.  

Kioupi, V., & Voulvoulis, N. (2019). Education for sustainable development: A systemic framework for 
connecting the SDGs to educational outcomes. Sustainability, 11(21), Article 
6104. https://doi.org/10.3390/su11216104.  

Kong, S.-C., Cheung, M.-Y. W., & Tsang, O. (2024). Developing an artificial intelligence literacy framework: 
Evaluation of a literacy course for senior secondary students using a project-based learning 
approach. Computers and Education: Artificial Intelligence, 6, Article 
100214. https://doi.org/10.1016/j.caeai.2024.100214.  

Laurie, R., Nonoyama-Tarumi, Y., McKeown, R., & Hopkins, C. (2016). Contributions of education for 
sustainable development (ESD) to quality education: A synthesis of research. Journal of Education for 
Sustainable Development, 10(2), 226-242. https://doi.org/10.1177/0973408216661442.  

Lozano, A., López, R., Pereira, F. J., & Blanco Fontao, C. (2022). Impact of cooperative learning and project-
based learning through emotional intelligence: A comparison of methodologies for implementing 
SDGs. International Journal of Environmental Research and Public Health, 19(24), Article 
16977. https://doi.org/10.3390/ijerph192416977.  

Mahamad Dom, S. H., Abdul Hamid, H., Jamal, J. A., Dali, A. F., Md Saman, K., & Ibrahim, N. (2023). 
Environmental sustainability impacts of improper disposal of domestic pharmaceutical waste in the 
global south. e-Bangi: Journal of Social Sciences and Humanities, 20(4), Article 
37. https://doi.org/10.17576/ebangi.2023.2004.37.  

https://doi.org/10.3390/su11102832
https://doi.org/10.4102/aosis.2023.BK409
https://doi.org/10.3390/educsci14010095
https://doi.org/10.1344/reire.38357
https://doi.org/10.21827/648c59a2087f2
https://doi.org/10.1007/s10639-023-12409-w
https://doi.org/10.4102/aosis.2023.BK409
https://doi.org/10.1007/s11625-022-01226-8
https://doi.org/10.1007/s11625-024-01506-5
https://doi.org/10.1002/sd.2865
https://doi.org/10.3390/su11216104
https://doi.org/10.1016/j.caeai.2024.100214
https://doi.org/10.1177/0973408216661442
https://doi.org/10.3390/ijerph192416977
https://doi.org/10.17576/ebangi.2023.2004.37


e-Bangi: Journal of Social Sciences & Humanities 117  

 

Mahpudz, A. (2023). Developing global citizenship education materials and values in the Indonesian school 
curriculum. In Proceedings of the 4th Annual Civic Education Conference (ACEC 2022) (pp. [page 
numbers]). Atlantis Press. https://doi.org/10.2991/978-2-38476-096-1_76.  

Mangwanya, M. G., & Uwizeyimana, D. E. (2023). Effects of COVID-19 on Sustainable Development Goal 
3 in Sub-Saharan Africa. e-Bangi: Journal of Social Sciences and Humanities, 20(3), Article 2. School 
of Public Management, Governance and Public Policy, College of Business and Economics, University 
of Johannesburg. https://doi.org/10.17576/ebangi.2023.2003.02. 

Martín-Blanco, C., Zamorano, M., Lizárraga, C., & Molina-Moreno, V. (2022). The impact of COVID-19 on 
the sustainable development goals: Achievements and expectations. International Journal of 
Environmental Research and Public Health, 19(23), Article 
16266. https://doi.org/10.3390/ijerph192316266.  

Martínez-Borreguero, G., Maestre-Jiménez, J., Mateos-Núñez, M., & Naranjo-Correa, F. L. (2024). 
Integrating energy and sustainability into the educational curriculum: A pathway to achieving 
SDGs. Sustainability, 16(10), Article 4100. https://doi.org/10.3390/su16104100. 

McKenzie, M. (2021). Climate change education and communication in global review: Tracking progress 
through national submissions to the UNFCCC Secretariat. Environmental Education Research, 27(5), 
631-651. https://doi.org/10.1080/13504622.2021.1903838. 

Mihăescu, O. (2020). Towards a responsive understanding of sustainable school architecture. In IOP 
Conference Series: Materials Science and Engineering (Vol. 960, Article 032106). IOP 
Publishing. https://doi.org/10.1088/1757-899X/960/3/032106. 

Morrissey, J., & Heidkamp, P. (2022). Sustainability after COVID-19: Pillars for a just 
transition. Environmental Sustainability, 5(2), 261-269. https://doi.org/10.1007/s42398-022-00231-y. 

Naufal, W. N. A. D. M., Aris, S. R. S., Wahi, R., Mohamed, A. M. D., Zulkipli, Z. A., Hashim, R. A., ... 
Yusof, M. M. M. (2024). Key success factors for implementation of Service-Learning Malaysia 
University for Society (SULAM) projects at higher education level: Community perspectives. Asian 
Journal of University Education, 20(1), 152-172. https://doi.org/10.24191/ajue.v20i1.25824. 

Pal, S. (2023). A paradigm shift in research: Exploring the intersection of artificial intelligence and research 
methodology. International Journal of Innovative Research in Engineering & Multidisciplinary 
Physical Sciences, 11(3). https://doi.org/10.37082/IJIRMPS.v11.i3.230125. 

Parry, S., & Metzger, E. (2023). Barriers to learning for sustainability: A teacher perspective. Sustainable 
Earth Reviews, 6(1), Article 2. https://doi.org/10.1186/s42055-022-00050-3. 

Pough, C. B. (2023). Implementing meaningful problem-based learning in a middle school science 
classroom (Doctoral dissertation). University of South 
Carolina. https://scholarcommons.sc.edu/etd/7260/. 

Price, E. A., White, R. M., Mori, K., Longhurst, J., Baughan, P., Hayles, C. S., ... Preist, C. (2021). Supporting 
the role of universities in leading individual and societal transformation through education for 
sustainable development. Discover Sustainability, 2(1), Article 49. https://doi.org/10.1007/s43621-
021-00058-3. 

Rad, D., Redeş, A., Roman, A., Ignat, S., Lile, R., Demeter, E., ... Maier, R. (2022). Pathways to inclusive and 
equitable quality early childhood education for achieving SDG4 goal—a scoping review. Frontiers in 
Psychology, 13, Article 955833. https://doi.org/10.3389/fpsyg.2022.955833. 

Redman, A., & Wiek, A. (2021). Competencies for advancing transformations towards sustainability. 
In Frontiers in Education. Frontiers Media SA. https://doi.org/10.3389/feduc.2021.785163. 

Rizwan, A., Serbaya, S. H., Saleem, M., Alsulami, H., Karras, D. A., & Alamgir, Z. (2021). A preliminary 
analysis of the perception gap between employers and vocational students for career 
sustainability. Sustainability, 13(20), Article 11327. https://doi.org/10.3390/su132011327. 

Sagala, L. P. (2019). Implementation of Adiwiyata “green school” in achieving education for sustainable 
development (Case study at Forestry Vocational School of Pekanbaru). Jurnal Kaunia, 15(2), 31-
35. https://doi.org/10.14421/kaunia.1794. 

https://doi.org/10.2991/978-2-38476-096-1_76
https://doi.org/10.17576/ebangi.2023.2003.02
https://doi.org/10.3390/ijerph192316266
https://doi.org/10.3390/su16104100
https://doi.org/10.1080/13504622.2021.1903838
https://doi.org/10.1088/1757-899X/960/3/032106
https://doi.org/10.1007/s42398-022-00231-y
https://doi.org/10.24191/ajue.v20i1.25824
https://doi.org/10.37082/IJIRMPS.v11.i3.230125
https://doi.org/10.1186/s42055-022-00050-3
https://scholarcommons.sc.edu/etd/7260/
https://doi.org/10.1007/s43621-021-00058-3
https://doi.org/10.1007/s43621-021-00058-3
https://doi.org/10.3389/fpsyg.2022.955833
https://doi.org/10.3389/feduc.2021.785163
https://doi.org/10.3390/su132011327
https://doi.org/10.14421/kaunia.1794


e-Bangi: Journal of Social Sciences & Humanities 118  

 

Saleem, A., Anwar, S., Nawaz, T., Fahad, S., Saud, S., Ur Rahman, T., ... Nawaz, T. (2024). Securing a 
sustainable future: The climate change threat to agriculture, food security, and sustainable 
development goals. Journal of Umm Al-Qura University for Applied Sciences, 1-
17. https://doi.org/10.1007/s43994-024-00177-3. 

Sánchez-Carracedo, F., Romero-Portillo, D., Sureda Carbonell, B., & Moreno-Pino, F. M. (2022). Education 
for sustainable development in Spanish higher education: An assessment of sustainability 
competencies in engineering and education degrees. International Journal of Sustainability in Higher 
Education, 23(4), 940-959. https://doi.org/10.1108/IJSHE-02-2021-0060. 

Schina, D., Esteve-González, V., Usart, M., Lázaro-Cantabrana, J.-L., & Gisbert, M. (2020). The integration 
of sustainable development goals in educational robotics: A teacher education 
experience. Sustainability, 12(23), Article 10085. https://doi.org/10.3390/su122310085. 

Shamuganathan, S. (2023). STEM project-based learning activities for sustainability: Enhancing scientific 
and 21st-century skills among pre-university students. Learning Science and Mathematics, 18, 62-79. 
SEAMEO RECSAM. http://recsam.edu.my/sub_lsmjournal/images/docs/2023/2023_5_SS_6283.pdf. 

Sharma, S. (2023). Towards sustainable education: Integrating environmental and social responsibility into 
the curriculum. International Scientific Journal for Research, 5(5), 1-
10. https://isjr.co.in/index.php/ISJR/article/view/134. 

Siew, B. C., Saad, K. M., Amin, H. M., Isa, M. M., & Ramin, U. K. (2020). Reach-out project: Bridging 
classroom and society for TVET sustainable development. Politeknik & Kolej Komuniti Journal of 
Social Sciences and Humanities, 5(1), 137-
152. https://myjms.mohe.gov.my/index.php/PMJSSH/article/view/11335/6426. 

Sihvonen, P., Lappalainen, R., Herranen, J., & Aksela, M. (2024). Promoting sustainability together with 
parents in early childhood education. Education Sciences, 14(5), Article 
541. https://doi.org/10.3390/educsci14050541.  

Soler-i-Martí, R., Fernández-Planells, A., & Pérez-Altable, L. (2024). Bringing the future into the present: 
The notion of emergency in the youth climate movement. Social Movement Studies, 23(4), 517-
536. https://doi.org/10.1080/14742837.2022.2123312.  

Syed-Abdullah, S. I. S., Kushnir, I., & Abdrahim, N. A. (2023). Narratives on education for sustainable 
development in Malaysian universities. Sustainability, 15(17), Article 
13110. https://doi.org/10.3390/su151713110. 

Tong, Y. (2024). Integration of artificial intelligence into the general education curriculum: Importance, 
approaches, challenges, and a conceptual framework for liberal arts universities. In INTED2024 
Proceedings. IATED. https://doi.org/10.21125/inted.2024.2010. 

Torres, C. A., & Bosio, E. (2020). Global citizenship education at the crossroads: Globalization, global 
commons, common good, and critical consciousness. Prospects, 48(3), 99-
113. https://doi.org/10.1007/s11125-019-09458-w.  

Uggla, Y., & Soneryd, L. (2023). Possibilities and challenges in education for sustainable development: The 
case of higher education. Journal of Education for Sustainable Development, 17(1), 63-
77. https://doi.org/10.1177/09734082231183345.  

Ursić, L., Baldacchino, G., Bašić, Ž., Sainz, A. B., Buljan, I., Hampel, M., ... Thetiot, F. (2022). Factors 
influencing interdisciplinary research and industry-academia collaborations at six European 
universities: A qualitative study. Sustainability, 14(15), Article 
9306. https://doi.org/10.3390/su14159306. 

Usmia, R. (2023). The innovation of civic education studies in Indonesia: A theoretical review of global 
citizenship education. In Proceedings of the 1st UMSurabaya Multidisciplinary International 
Conference 2021 (MICon 2021). Atlantis Press. https://doi.org/10.2991/978-2-38476-022-0_62. 

Wang, Q., & Huang, R. (2021). The impact of COVID-19 pandemic on sustainable development goals–a 
survey. Environmental Research, 202, Article 111637. https://doi.org/10.1016/j.envres.2021.111637. 

https://doi.org/10.1007/s43994-024-00177-3
https://doi.org/10.1108/IJSHE-02-2021-0060
https://doi.org/10.3390/su122310085
http://recsam.edu.my/sub_lsmjournal/images/docs/2023/2023_5_SS_6283.pdf
https://isjr.co.in/index.php/ISJR/article/view/134
https://myjms.mohe.gov.my/index.php/PMJSSH/article/view/11335/6426
https://doi.org/10.3390/educsci14050541
https://doi.org/10.1080/14742837.2022.2123312
https://doi.org/10.3390/su151713110
https://doi.org/10.21125/inted.2024.2010
https://doi.org/10.1007/s11125-019-09458-w
https://doi.org/10.1177/09734082231183345
https://doi.org/10.3390/su14159306
https://doi.org/10.2991/978-2-38476-022-0_62
https://doi.org/10.1016/j.envres.2021.111637


e-Bangi: Journal of Social Sciences & Humanities 119  

 

Wani, N. R., Rather, R. A., Farooq, A., Padder, S. A., Baba, T. R., Sharma, S., ... Ara, S. (2024). New insights 
in food security and environmental sustainability through waste food management. Environmental 
Science and Pollution Research, 31(12). https://doi.org/10.1007/s11356-023-26462-y. 

Wildemeersch, D., Håkansson, M., & Læssøe, J. (2023). No time to waste? Dealing with ‘urgency’ in 
environmental and sustainability education. Environmental Education Research, 29(10), 1417-
1429. https://doi.org/10.1080/13504622.2023.2213412.  

Yuan, H., Wang, X., Gao, L., Wang, T., Liu, B., Fang, D., & Gao, Y. (2023). Progress towards the Sustainable 
Development Goals has been slowed by indirect effects of the COVID-19 pandemic. Communications 
Earth & Environment, 4(1), Article 184. https://doi.org/10.1038/s43247-023-00846-x.  

Zainal Abidin, M. S., Mokhtar, M., & Arsat, M. (2024). Unraveling the challenges of education for sustainable 
development: A compelling case study. Qualitative Research Journal. Advance online 
publication. https://doi.org/10.1108/QRJ-05-2023-0090. 

Zakaria, S. Z. S., Bakar, R., Isa, N. M., Mahmud, S. N. D., Abdullah, A., Ahmad, C. N. C., & Syed, S. (2021). 
Global citizenship elements in Malaysian primary school curriculum towards sustainable development 
goals (SDGs). Ecology, Environment and Conservation, 27, 178-
186. https://www.researchgate.net/publication/354644345_Global_Citizenship_elements_in_Malaysi
an_Primary_School_Curriculum_towards_Sustainable_Development_Goals_SDGS. 

Zanoletti, A., Cornelio, A., & Bontempi, E. (2021). A post-pandemic sustainable scenario: What actions can 
be pursued to increase the raw materials availability? Environmental Research, 202, Article 
111681. https://doi.org/10.1016/j.envres.2021.111681.  

Zha, S., Qiao, Y., Hu, Q., Li, Z., Gong, J., & Xu, Y. (2024). Designing child-centric AI learning environments: 
Insights from LLM-enhanced creative project-based learning. arXiv 
preprint arXiv:2403.16159. https://doi.org/10.48550/arXiv.2403.16159 

 

https://doi.org/10.1007/s11356-023-26462-y
https://doi.org/10.1080/13504622.2023.2213412
https://doi.org/10.1038/s43247-023-00846-x
https://doi.org/10.1108/QRJ-05-2023-0090
https://www.researchgate.net/publication/354644345_Global_Citizenship_elements_in_Malaysian_Primary_School_Curriculum_towards_Sustainable_Development_Goals_SDGS
https://www.researchgate.net/publication/354644345_Global_Citizenship_elements_in_Malaysian_Primary_School_Curriculum_towards_Sustainable_Development_Goals_SDGS
https://doi.org/10.1016/j.envres.2021.111681
https://doi.org/10.48550/arXiv.2403.16159

