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Abstract: The escalating global crises of climate change and social inequality require a paradigm shift in 

education toward holistic Sustainability Competencies. While the UNESCO "Head-Heart-Hands" model is 

well-established in Higher Education, much research papers in various levels of school education which is a 

critical period for value formation remains scarce. This paper critically reviews pedagogical approaches, 

including Problem-Based Learning and Transformative Pedagogy, to evaluate their efficacy in bridging the 

"knowledge-action gap." Analysis reveals that while traditional transmissive methods dominate due to 

institutional rigidities, they fail to develop essential normative and strategic competencies. The study 

concludes by proposing an Integrated Pedagogical Framework tailored for middle school education. This 

framework synthesizes cognitive inquiry (Head), socio-emotional engagement (Heart), and behavioural 

action (Hands) to effectively nurture sustainable lifestyles in young learners. 
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1. INTRODUCTION 

The global society is witnessing an unimaginable synthesis of environmental deterioration, social inequality, 

and economic instability, requiring a fundamental adjustment in how civilisations function and progress. This 

urgency arises from the realisation that our world is in a precarious balance, with possible outcomes that 

require immediate response (Aada, 2024). Climate change, diminishing resources, loss of biodiversity, and 

public health issues are among the distinctive challenges of the twenty-first century, all of which have a 

significant impact on the health and well-being of mankind and the planet. Modern economies are 

increasingly marked by a sense of danger and urgency, emphasising that quick adjustments in behavioural 

patterns are required to prevent the devastating consequences of these interlinked crises (Marouli, 2021). In 

light to these challenging difficulties, the notion of sustainable development has arisen as a conceptual 

system, aiming to balance human growth with environmental integrity and social equality (Cebrián et al., 

2021; Sposab & Rieckmann, 2024). The educational sector is pivotal to this transformation, tasked with 

providing current and future generations the knowledge, skills, and values essential for confronting issues 

related to sustainability (Cebrián et al., 2020; Kioupi & Voulvoulis, 2022; Scarff Seatter & Ceulemans, 2017). 

The rapid changes in the Earth system have created an unparalleled necessity for society to alter its trajectory, 

indicating a profound shift towards sustainability (Holst, 2022). This intersection signifies a pivotal 

opportunity and simultaneously an intellectual challenge, as today's society confronts a multitude of global 

challenges that are jeopardising planetary sustainability, including the climate crisis, biodiversity loss, social 

inequality, poverty, and hunger, which emerge as urgent issues necessitating educational focus (Solorzano, 

2023). Conventional educational methods, which have traditionally emphasised the dissemination of 

knowledge and skills, have demonstrated inadequacy in confronting the urgency, mobility, and global 

unsustainability inherent to the Anthropocene (Solorzano, 2023). The belief that awareness alone drives 

action is becoming contested, suggesting educational strategies that extend beyond ecological consciousness 

to facilitate genuine transformation (Cuevas-Cancino et al., 2024). 
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Sustainable Development 

The strive for sustainable development has emerged as a critical global requirement, fuelled by the 

acknowledgement that existing patterns of resource utilisation and environmental deterioration jeopardise 

the enduring sustainability of humanity. These difficulties are marked by their level of complexity and 

multifaceted nature, necessitating a comprehensive response that acknowledges the complicated 

interrelations among social, economic, and ecological domains (Konieczny, 2024). Ensuring a satisfactory 

quality of life and well-being for roughly 10 billion individuals by 2050, while preserving the natural 

boundaries of our planet and its resources, constitutes one of the gravest difficulties and obligations humanity 

has encountered (Price et al., 2021). The international community has mobilised to tackle this significant 

challenge through frameworks like the United Nations 17 Sustainable Development Goals, which signify the 

intensified efforts to establish a world that is sustainable following the 2015 Education Decade for 

Sustainable Development (Kusumaningrum et al., 2023). 

 

Education for Sustainable Development 

Education for Sustainable Development (ESD) is emerging as an effective approach to provide learners with 

the knowledge, skills, values, and attitudes essential for contributing to a future that is sustainable, while also 

acting as a vital catalyst for attaining the Sustainable Development Goals, especially SDG 4 (Anwar et al., 

2025). This objective highlights the significance of providing inclusive and equitable quality education while 

fostering lifelong learning opportunities for all, acknowledging education as a fundamental human right and 

a potent catalyst for societal development (Dumitrache et al., 2022). The objective of ESD is to promote 

competencies that equip individuals to reflect on their activities by evaluating their present and future social, 

cultural, economic, and environmental implications from both local and global viewpoints (Kusumaningrum 

et al., 2023). 

2. Conceptualizing Sustainability Competencies 

To effectively cultivate the knowledge, skills, and values required for sustainable development, it is essential 

to first define and understand the specific attributes that constitute sustainability competencies. These 

competencies are understood as the combination of cognitive skills, practical abilities, and ethical values and 

attitudes mobilized in a real situation or context related to sustainability (Cebrián et al., 2021). This concept 

of competence is particularly relevant because it extends beyond the mere acquisition of knowledge to 

encompass the transformation of attitudes and other dispositions related to motivations and the attitudinal 

domain (Álvarez et al., 2024). Various frameworks have been proposed in the academic literature to 

operationalize these competencies, offering distinct yet complementary perspectives on the essential 

capabilities required for addressing complex sustainability challenges. 

Overview of Sustainability Competency Frameworks 

Over the last decades, an emerging body of literature has sought to define these key competencies, with 

researchers such as Lozano et al., Vare et al., and Moreno Pires et al. identifying a range of critical 

competencies necessary to handle the complexity of sustainability issues (Pires et al., 2022). Among these, 

key competencies such as systems thinking, anticipatory thinking, normative thinking, strategic thinking, and 

interpersonal collaboration are frequently highlighted as essential for enabling learners to navigate the 

wicked nature of sustainability problems (Cebrián et al., 2020; Lemarchand et al., 2023). Building on these 

foundational contributions, the UNESCO framework synthesizes these capabilities into a comprehensive 

model that categorizes eight key competencies essential for sustainable development: systems thinking, 

anticipatory, normative, strategic, collaboration, critical thinking, self-awareness, and integrated problem-

solving (Vaughter et al., 2022). This comprehensive model posits that distinct yet interconnected cognitive 

skills, such as systems thinking, strategic thinking, futures thinking, values thinking, interpersonal thinking, 

and intrapersonal thinking, collectively contribute to an integrated problem-solving competency essential for 

sustainability (Annelin & Boström, 2022). 

The UNESCO Sustainability Competency Framework 

The UNESCO framework distinguishes itself through its identification of eight cross-cutting competencies—

Systems Thinking, Anticipatory Competence, Normative Competence, Strategic Thinking, Collaboration, 

Critical Thinking, Self-awareness, and Integrated Problem-solving—which are designed to function 
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interdependently rather than as isolated skills (Strachan et al., 2021). This interdependence is crucial because 

each competency contributes a specific function to the overall sustainability problem-solving process, which 

involves steps such as problem analysis, developing future scenarios, and determining transition strategies 

(Brundiers et al., 2021). Integrated problem-solving is viewed as a framework competency that enables the 

mastery of sustainability challenges through the interaction with the other seven competencies (Hammer & 

Lewis, 2023). This integrative capacity implies that learners must effectively synthesize systems thinking to 

understand complex interconnections, apply anticipatory competence to envision future scenarios, utilize 

normative competence to evaluate sustainability values, and employ strategic thinking to implement 

solutions, all while fostering collaboration, critical thinking, and self-awareness throughout the process 

(Álvarez et al., 2024; Wiek et al., 2011). Systems-thinking competency aims to develop the ability to address 

sustainability problems from a wider and more holistic perspective, focusing on understanding the 

intermediate and root causes of complex problem constellations (Sá et al., 2022). Anticipatory competency 

enables individuals to think in terms of future actions, consequences, and risks, while normative competency 

enlightens the ideological context in which individuals exist and provides opportunities to negotiate 

conflicting situations mindful of all concerned (Joseph, 2023). Strategic competency is defined as the ability 

to collectively develop and implement innovative actions that further sustainability at the local level and 

further afield (Wawer, 2023). Interpersonal competency is essential for engaging and motivating diverse 

stakeholders, requiring the ability to empathically work with collaborators’ different ways of knowing and 

communication styles (Brundiers et al., 2021). Collaboration competency is further characterized by the 

capacity to facilitate participatory and collaborative problem-solving processes, which are indispensable for 

navigating the multi-stakeholder nature of sustainability challenges (Korolyova et al., 2021). Critical thinking 

competency equips learners with the ability to question norms, practices, and opinions by reflecting on the 

arguments behind them, while self-awareness competency involves the ability to reflect on one’s own role 

in the local community and in a global society (Griswold et al., 2018).  

3. Pedagogical Approaches for Cultivating Sustainability Competencies 

While most of the pedagogical approaches are majorly focused on higher education there is a need to adapt 

these frameworks to adolescence which is a crucial age for value formation. Having established the 

comprehensive nature of sustainability competencies, it is imperative to examine the specific pedagogical 

strategies that effectively cultivate these multidimensional skills in learners. Research indicates that specific 

teaching and learning strategies, such as project-based learning, service learning, and action learning, are 

instrumental in fostering the necessary skills to deal with sustainability, including critical and creative 

thinking, problem-solving abilities, action competence, collaboration, and futures thinking. These active 

learning methodologies shift the focus from passive knowledge acquisition to student-centered engagement, 

thereby creating empowered and globally-responsible citizens capable of acting as positive change agents in 

their professional and personal lives (Cebrián & Junyent, 2015). Among these methodologies, Problem-

Based Learning stands out as a prominent approach that situates students at the center of the learning process 

by engaging them with complex, real-world sustainability challenges that lack clear-cut solutions (Balslev & 

Andersson, 2020). By requiring students to analyze these ill-structured problems, define their own learning 

issues, and propose viable solutions, Problem-Based Learning effectively cultivates systems thinking, critical 

thinking, and integrated problem-solving competencies (Guerra et al., 2020; Vesala-Varttala et al., 2024). 

Problem-Based Learning 

Problem-Based Learning is frequently highlighted as a robust pedagogical strategy for integrating 

sustainability into higher education, particularly because its core learning principles such as 

interdisciplinarity, collaborative learning, contextual problem orientation, and self-directed learning—align 

closely with the demands of sustainability education (Bolstad et al., 2023). This alignment is essential 

because PBL not only engages students with sustainability content but also actively involves them in the 

process of understanding and addressing sustainability challenges through up-to-date case studies and 

practical projects (Nguyen et al., 2024). Research indicates that when students engage with real-world, up-

to-date, and transversal problems, they are better positioned to develop systems thinking, normative thinking, 

and integrated problem-solving skills (Carrió & Bastida, 2023). By exposing students to authentic situations 

that require managing complexity and making decisions based on trade-offs, PBL provides opportunities to 

learn "how to think" rather than "what to think," thereby fostering capabilities to improvise, adapt, and 

innovate (Kioupi & Voulvoulis, 2022; Thomas, 2009). This student-centered approach immerses learners in 

real-world problem solving to cultivate active learning, where students identify knowledge gaps, develop 

solutions, and collaborate through iterative cycles of planning, action, and reflection (Chien et al., 2025). 
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Through this iterative process, learners actively internalize sustainability principles by conducting research, 

engaging in discussion, and developing solutions for tangible issues, which transforms them from passive 

recipients into active problem-solvers capable of addressing complex environmental and societal challenges 

(Carrió & Bastida, 2023; Nguyen et al., 2024). Furthermore, a systemic PBL approach that combines 

pedagogical principles with education for sustainability can promote engineering students' agentic 

experiences in team projects and support sustainability-related competencies such as systems thinking, 

critical thinking, anticipatory thinking, complex problem-solving, collaboration, and self-awareness (Guerra 

et al., 2022). 

Project-Based Learning 

Project-Based Learning serves as a complementary yet distinct pedagogical approach that emphasizes the 

creation of tangible artifacts or deliverables through extended inquiry, thereby fostering deep 

interdisciplinary skills essential for sustainability. For instance, in sustainability projects, students are 

required to synthesize knowledge from environmental science, economics, sociology, and other disciplines 

to analyze and solve complex real-world problems, thereby fostering interdisciplinary thinking and integrated 

application abilities (Ma & Wu, 2025). This process of synthesis is crucial because sustainability challenges 

are rarely confined to a single discipline, requiring learners to navigate the intersections between technical, 

social, and ecological dimensions to create holistic solutions (Frimodt-Møller et al., 2018). By working in 

teams over sustained periods, students develop collaboration and communication competencies while 

negotiating the diverse perspectives inherent in sustainability issues (Guerra et al., 2024). Studies have 

demonstrated that project-based learning linked to real transdisciplinary projects is the most adequate 

pedagogy to learn sustainability competences, as it prepares students to be responsible through introspection 

about their values, ethics, and beliefs (Servant et al., 2020). This introspective process is vital for developing 

the normative and self-awareness competencies necessary for responsible decision-making in a global 

context (Bernhard et al., 2020).  

Experiential Learning 

Experiential learning constitutes a vital pedagogical approach that bridges the gap between theoretical 

frameworks and the practical application of sustainability concepts by immersing students in direct 

engagement with real-world scenarios. This hands-on involvement enables students to actively engage with 

situations and challenges from the real world, allowing them to acquire practical skills, critical thinking 

abilities, and a heightened awareness of the environmental and social consequences of their actions (Singha 

& Singha, 2024). By emphasizing the cycle of concrete experience, reflective observation, abstract 

conceptualization, and active experimentation, this approach ensures that learners not only grasp theoretical 

frameworks but also develop the skills and aptitudes necessary for active participation in the sustainable 

development agenda (Aada, 2024; Singha & Singha, 2024). 

Service-learning represents a distinct pedagogical strategy that integrates academic study with meaningful 

community service to enrich the learning experience, teach civic responsibility, and strengthen communities 

while addressing sustainability challenges. This method requires students to apply theoretical knowledge to 

address community-identified needs, thereby fostering a deep understanding of the social, economic, and 

environmental interdependencies that define sustainability issues (Veckalne & Tambovceva, 2022). Research 

indicates that service-learning activities are particularly effective for enhancing systemic thinking and 

personal engagement in the sustainable development transition process, as they are educational paths based 

on the convergence of community needs (Cavicchi, 2021) and academic learning objectives, which allows 

students to witness the tangible impact of their interventions on local ecosystems and social structures 

(Hafeez et al., 2023). By engaging directly with community stakeholders, students cultivate empathy and 

ethical reasoning, which are essential for navigating the cultural nuances and power dynamics often inherent 

in sustainability initiatives (Perkiss et al., 2020). For example, students could collaborate with local 

businesses to devise sustainability strategies or conservation efforts, gaining hands-on experience and a 

deeper appreciation of the complexities involved in environmentally conscious business practices (Kopnina 

et al., 2024). Place-based learning initiatives further exemplify this approach by partnering students with 

local community groups to address real-world issues such as enhancing biodiversity, implementing local 

growing schemes, or designing transport plans to encourage physical activity (Education for Sustainable 

Development: Guidance for UK Higher Education Providers, 2015). 
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Game-Based Learning and Gamification 

Game-based learning utilizes interactive simulations and digital platforms to model complex, dynamic 

systems, thereby enabling students to visualize the non-linear relationships and feedback loops inherent in 

sustainability challenges. Through the manipulation of variables within a safe virtual environment, learners 

can experiment with different strategies to achieve sustainable outcomes, thereby developing strategic 

thinking and anticipatory competencies without the risks associated with real-world trial and error (Biancardi 

et al., 2023). This pedagogical approach is particularly effective for fostering systems thinking, as it compels 

learners to understand the interconnectedness of ecological, social, and economic variables within a 

simulated context (Adorno et al., 2025). By engaging with these models, students are better equipped to 

understand the intricate cause-and-effect relationships that characterize 'wicked problems', moving beyond 

linear cause-and-effect reasoning to grasp the multi-dimensional nature of environmental and social systems 

(Kinnula et al., 2024; Lozano et al., 2022). Simulations and role-playing activities further enhance this 

understanding by allowing students to experiment with different value positions and political perspectives, 

thereby developing empathy for alternative viewpoints and employability skills suited to professional 

contexts (Education for Sustainable Development: Guidance for UK Higher Education Providers, 2015). 

Transformative Pedagogy 

Reflective practice serves as a foundational mechanism for cultivating critical thinking by requiring students 

to continuously examine their assumptions, values, and the broader implications of their decisions on 

environmental and social systems. This process of critical reflection is essential for transformative learning, 

as it moves beyond mere knowledge acquisition to challenge the underlying worldviews and paradigms that 

often perpetuate unsustainable practices (Education for Sustainable Development: Guidance for UK Higher 

Education Providers, 2015). Through structured introspection, learners can analyze the driving forces behind 

their actions and reactions, thereby fostering a critical awareness of personal and sociocultural values that 

influence sustainability outcomes (Wall et al., 2025). Transformative pedagogy distinguishes itself from other 

approaches by explicitly aiming to induce a fundamental shift in the learner’s perspective, often described as 

a metanoia or a change in mindset, rather than simply adding new knowledge to an existing framework 

(Scarff Seatter & Ceulemans, 2017). This paradigm shift requires a move away from teaching sustainability 

as a fixed, definable subject toward a pedagogy that embraces the contested and multiple ways in which 

sustainability is understood (Stenderup et al., 2021). Unlike traditional transmission models that prioritize 

the delivery of content, transformative pedagogy is characterized by its emphasis on the learner's prior 

knowledge and beliefs, deep engagement, and the potential for critical thinking that leads to a fundamental 

restructuring of frames of reference (Scarff Seatter & Ceulemans, 2017). This process involves moving 

toward a frame of reference that is more inclusive, discriminating, self-reflective, and integrative of 

experience, thereby fostering autonomous thinking and the ability to critically question dominant norms 

rather than relying on un-critically assimilated explanations from external authorities (Scarff Seatter & 

Ceulemans, 2017). 

4. Challenges in Developing Sustainability Competencies 

The implementation of effective sustainability education is frequently impeded by structural rigidities within 

educational institutions, where traditional disciplinary silos and standardized assessment protocols hinder the 

integration of interdisciplinary, competency-based learning (Hasrul & Irawan, 2023). These institutional 

barriers often manifest as misaligned incentive structures for faculty, rigid credit hour systems that do not 

accommodate field-based or experiential requirements, and departmental boundaries that discourage the 

cross-disciplinary collaboration necessary for addressing complex sustainability issues (McCarthy & Eagle, 

2021). Furthermore, the holistic and often contradictory nature of sustainability demands that students adopt 

critical and reflective practices to navigate the values, ethics, and geopolitical issues that are inextricably 

linked to the international sustainability discourse (McCarthy & Eagle, 2021; O’Grady, 2023). 

Curriculum Integration and Institutional Barriers 

Integrating sustainability competencies into established curricula is often hindered by the rigid, bureaucratic 

structures inherent in traditional educational systems, which struggle to accommodate the experiential and 

interdisciplinary nature of Education for Sustainable Development (Walsh et al., 2020). These structural 

constraints frequently result in a fragmented approach where sustainability is treated as an add-on topic rather 

than a core, transversal element, thereby limiting the potential for transformative learning experiences that 

require a reorientation of curricula and teaching methods (Galleli et al., 2022). Consequently, the 
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compartmentalization of academic disciplines creates significant obstacles to the holistic understanding 

required for sustainability, as faculty members often lack the institutional support or collaborative 

frameworks necessary to design and deliver interdisciplinary courses that transcend traditional departmental 

boundaries (Cebrián et al., 2021). This lack of structural support is often compounded by institutional 

resistance to change, where faculty members may perceive sustainability integration as an additional burden 

rather than a core academic responsibility, further entrenching disciplinary silos (Park, 2024). 

Teacher Training and Professional Development Gaps 

A significant barrier to effective implementation is the lack of understanding of Education for Sustainable 

Development among teaching staff, many of whom have not received extensive training in sustainability 

concepts and may fear that the topic is unrelated to their specific discipline (Mokski et al., 2022). This limited 

awareness and understanding often leads to a lack of confidence in delivering complex, interdisciplinary 

content, as many educators do not possess the specialized abilities, expertise, or self-assurance required to 

successfully teach sustainability concepts (Rodríguez et al., 2024; Veckalne & Tambovceva, 2022). 

Moreover, the absence of formalized training programs and professional development opportunities 

specifically designed for sustainability pedagogy leaves faculty ill-equipped to adopt the innovative teaching 

methods necessary to foster these competencies (Álvarez et al., 2024; Mondragón et al., 2023). Compounding 

this issue is the scarcity of high-quality, contextually appropriate resources, as financial and time constraints 

restrict access to the instructional materials needed for effective implementation (Veckalne & Tambovceva, 

2022). Even though many agree with the need for innovative and active learning, data suggest that still many 

prefer rely on traditional methods as illustrated in Figure 1, lecturing remains the most frequently used 

pedagogical approach (mean score ~3.0), whereas transformative strategies such as eco-justice and 

community service learning are utilized minimally. 

 

Figure 1:  Average frequency of use of pedagogical approaches in Higher Education Institutions (Source: 

Lozano et al., 2022). 

Assessment of Sustainability Competencies 

Evaluating the acquisition of sustainability competencies presents a complex challenge due to the 

multidimensional nature of sustainability, which encompasses cognitive, socio-emotional, and behavioral 

domains that are difficult to capture through traditional testing methods (Rodríguez et al., 2024). Current 

assessment is focused mostly on self-surveys assessment, which are often inadequate for measuring the 

development of critical thinking, ethical reasoning, and the capacity for collaborative action that are central 

to sustainability competency frameworks (Abo‐Khalil, 2024). Consequently, educators must rely on 

alternative assessment strategies, such as reflective portfolios, scenario-based assessment, peer evaluations, 

and performance-based tasks, to effectively gauge the holistic development of students' abilities to navigate 

complex sustainability issues (Mokski et al., 2022; Sebire & Flores, 2023). Despite the pedagogical intent, 

fostering sustained student engagement in sustainability education remains difficult, as learners often 

struggle to connect abstract global challenges with their immediate personal and professional contexts. 
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Conclusion 

This paper has examined the critical role of pedagogical approaches in developing sustainability 

competencies, highlighting that effective Education for Sustainable Development requires a fundamental 

shift from content transmission to transformative, learner-centered methodologies. The analysis underscores 

that while various frameworks such as the UNESCO model provide a necessary structure for defining these 

competencies, their successful cultivation depends heavily on the adoption of active, interdisciplinary, and 

experiential pedagogies that engage students in real-world problem-solving (Cebrián et al., 2021; Lozano et 

al., 2022). However, the implementation of these transformative pedagogies is frequently obstructed by 

institutional barriers, including rigid disciplinary silos, misaligned incentive structures, and a significant lack 

of professional development opportunities that leave educators ill-equipped to facilitate complex, 

competency-based learning (Cebrián et al., 2020). Furthermore, the assessment of these transversal 

competencies remains a persistent challenge, as traditional evaluation methods often fail to capture the 

critical reflection and behavioral changes indicative of deep learning (Strachan et al., 2021). Future research 

must therefore prioritize the development of robust, adaptive assessment frameworks that can effectively 

measure the nuanced acquisition of sustainability competencies across different educational contexts (David, 

2025; Kövesi, 2009). Specifically, educators must be equipped with the specialized abilities and expertise 

required to foster sustainability competencies through creative and dynamic teaching adjustments, as their 

own professional development is essential for restructuring educational processes and improving learning 

outcomes toward sustainability (Chen, 2023). Ultimately, achieving the ambitious goals of sustainable 

development necessitates a concerted effort to overcome these systemic barriers and foster a learning culture 

where sustainability is deeply embedded in the core values and practices of higher education institutions 

(Mondragón et al., 2023). 

References 

5. Aada, K. (2024). Perspective Chapter: Empowering Sustainable Development through Education – 

A Perspective on the Educational Landscape and Its Impact on Sustainability. In IntechOpen eBooks. 

IntechOpen. https://doi.org/10.5772/intechopen.1005076 

6. Abo‐Khalil, A. G. (2024). Integrating sustainability into higher education challenges and 

opportunities for universities worldwide. Heliyon, 10(9). https://doi.org/10.1016/j.heliyon.2024.e29946 

7. Adorno, D. P., Birsan, E., Stoica, S. F., Capatina, M., Cojocaru, C., Tzortzaki, A., Štanfelj, Z., Dinçer, 

Y. S., & Pizzolato, N. (2025). Sustainability as a Cross-Curricular Link: Creative European Strategies for 

Eco-Conscious Environmental Education. Sustainability, 17(11), 5193. https://doi.org/10.3390/su17115193 

8. Álvarez, A., Rieckmann, M., Pérez, M. L., & Aguirre, P. M. (2024). Teaching with A Rounder Sense 

of Purpose: a survey study on education for sustainable development competences in Latin America. 

Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1205478 

9. Annelin, A., & Boström, G. (2022). An assessment of key sustainability competencies: a review of 

scales and propositions for validation [Review of An assessment of key sustainability competencies: a review 

of scales and propositions for validation]. International Journal of Sustainability in Higher Education, 24(9), 

53. Emerald Publishing Limited. https://doi.org/10.1108/ijshe-05-2022-0166 

10. Anwar, Y., Widodo, A., fatih, Z. A., Kartika, D., Ariska, M., & Yusliani, N. (2025). Education for 

Sustainable Development Based on Technological Pedagogical Content Knowledge in Biology Education: 

Assessing Teachers’ Readiness. Jurnal Pendidikan IPA Indonesia, 14(3). 

https://doi.org/10.15294/jpii.v14i3.22908 

11. Biancardi, A., Colasante, A., D’Adamo, I., Daraio, C., Gastaldi, M., & Uricchio, A. F. (2023). 

Strategies for developing sustainable communities in higher education institutions. Scientific Reports, 13(1). 

https://doi.org/10.1038/s41598-023-48021-8 

12. Bolstad, T., Lundheim, L., Orlandić, M., Strømberg, A., & Zimmermann, P. H. (2023). Do Students 

Reflect on Sustainability? Student Development of Competencies for Sustainability in Project-Based 

Learning. Nordic Journal of STEM Education, 7(1), 73. https://doi.org/10.5324/njsteme.v7i1.4478 

13. Brundiers, K., Barth, M., Cebrián, G., Cohen, M., Diaz, L., Doucette-Remington, S., Dripps, W., 

Habron, G., Harré, N., Jarchow, M., Losch, K., Michel, J., Mochizuki, Y., Rieckmann, M., Parnell, R., 

Walker, P., & Zint, M. (2021). Key competencies in sustainability in higher education—toward an agreed-

upon reference framework. Sustainability Science, 16(1), 13. https://doi.org/10.1007/s11625-020-00838-2 

14. Carrió, M., & Bastida, M. L. (2023). Exploring innovative strategies in problem based learning to 

contribute to sustainable development: a case study. International Journal of Sustainability in Higher 

Education, 24(9), 159. https://doi.org/10.1108/ijshe-07-2021-0296 

http://www.jetir.org/
https://doi.org/10.5772/intechopen.1005076
https://doi.org/10.1016/j.heliyon.2024.e29946
https://doi.org/10.3390/su17115193
https://doi.org/10.3389/feduc.2023.1205478
https://doi.org/10.1108/ijshe-05-2022-0166
https://doi.org/10.15294/jpii.v14i3.22908
https://doi.org/10.1038/s41598-023-48021-8
https://doi.org/10.5324/njsteme.v7i1.4478
https://doi.org/10.1007/s11625-020-00838-2
https://doi.org/10.1108/ijshe-07-2021-0296


© 2026 JETIR January 2026, Volume 13, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2601564 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f448 
 

15. Cavicchi, C. (2021). Higher Education and the Sustainable Knowledge Society: Investigating 

Students’ Perceptions of the Acquisition of Sustainable Development Competences. Frontiers in Sustainable 

Cities, 3. https://doi.org/10.3389/frsc.2021.664505 

16. Cebrián, G., & Junyent, M. (2015). Competencies in Education for Sustainable Development: 

Exploring the Student Teachers’ Views. Sustainability,7(3),2768. https://doi.org/10.3390/su7032768 

17. Cebrián, G., Junyent, M., & Mulà, I. (2020). Competencies in Education for Sustainable 

Development: Emerging Teaching and Research Developments. Sustainability, 12(2), 579. 

https://doi.org/10.3390/su12020579 

18. Cebrián, G., Junyent, M., & Mulà, I. (2021). Current Practices and Future Pathways towards 

Competencies in Education for Sustainable Development. Sustainability, 13(16), 8733. 

https://doi.org/10.3390/su13168733 

19. Chen, J. (2023). A scientometric analysis of information technology in sustainable higher education: 

knowledge structure and frontier trends. Discover Sustainability, 4(1). https://doi.org/10.1007/s43621-023-

00148-4 

20. Chien, C. T., Chien, C., Chien, C. H., & Chien, C. H. (2025). Evaluating Problem-Based Learning in 

an ESG-Centered General Education Course: A Mixed-Methods Study of Student Competency 

Development. Sustainability, 17(17), 7944. https://doi.org/10.3390/su17177944 

21. Cuevas-Cancino, M. de la O., Peña-Becerril, M., Mondragon-Estrada, E., & Camacho-Zúñiga, C. 

(2024). Incorporating vertical collaboration to address sustainable development goals: the Monarch Route 

Project. Frontiers in Education, 9. https://doi.org/10.3389/feduc.2024.1246889 

22. David, J. O. (2025). Redefining assessment for sustainability: a reflective approach to curriculum 

transformation in environmental education. Frontiers in Education, 10. 

https://doi.org/10.3389/feduc.2025.1553999 

23. Doichinova, K. (2023). Learning for sustainability - competences and expectations. Acta Scientifica 

Naturalis, 10(1), 47. https://doi.org/10.2478/asn-2023-0005 

24. Dumitrache, V. M., Dobre, F., Bolohan, A. M., & Constantinescu, V. (2022, May 27). Education for 

Sustainable Development in the Vocational Education and Training System Facilitated by the European 

Sustainability Competence Framework. Case Study on Sustainability Competences Integration in Technician 

in Agriculture Professional Training Standard. Proceeding Papers. 

https://doi.org/10.24818/basiq/2022/08/016 

25. Education for Sustainable Development: Guidance for UK Higher Education Providers. (2015). 

Journal of Education for Sustainable Development, 9(1), 117. https://doi.org/10.1177/0973408215569121a 

26. Fokdal, J., Bina, O., & Verdini, G. (2021). Enabling the City: Learning for Transfomational Change. 

In Routledge eBooks (p. 265). Informa. https://doi.org/10.4324/9780429297649-26 

27. Frimodt-Møller, S. R., Wang, S., Kolmos, A., Guerra, A., & Qiao, W. (2018). Towards a Taxonomy 

of Tacit Knowing in Context of Project-Oriented Problem-Based Learning in the Engineering Sciences. 

Research Portal Denmark, 440. https://local.forskningsportal.dk/local/dki-cgi/ws/cris-

link?src=aau&id=aau-98b1482e-dc2d-4918-b591-

2e078569e8cb&ti=Towards%20a%20Taxonomy%20of%20Tacit%20Knowing%20in%20Context%20of%

20Project-Oriented%20Problem-Based%20Learning%20in%20the%20Engineering%20Sciences 

28. Galleli, B., Onevetch, R. T. da S., Santos, J. A. R. dos, & Lopes, G. (2022). Competences for 

Sustainable Development Goals: The Challenge in Business Administration Education. Journal of Teacher 

Education for Sustainability, 24(1), 73. https://doi.org/10.2478/jtes-2022-0006 

29. Griswold, W., Saulters, O. S., & Sanders, A. G. Y. (2018). The Future of Sustainability: A Participant 

Motivation Model for Higher Education, Research, and Practice. Creative Education, 9(3), 406. 

https://doi.org/10.4236/ce.2018.93029 

30. Guerra, A., Chen, J., Winther, M., Kolmos, A., & Nielsen, S. R. (2020). Educate for the future : PBL, 

Sustainability and Digitalisation 2020. In Research Portal Denmark (p. 618). Technical University of 

Denmark. https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-6b929b3c-30d8-

4286-a083-

4ab774e536c1&ti=Educate%20for%20the%20future%20%3A%20PBL%2C%20Sustainability%20and%2

0Digitalisation%202020 

31. Guerra, A., Jiang, D., Du, X., Abou-Hayt, I., & Pineda, A. F. V. (2024). Examining engineering design 

students’ perceptions of agency for sustainability in a problem- and project-based learning (PBL) context—

a Q methodology study. International Journal of Technology and Design Education, 35(2), 723. 

https://doi.org/10.1007/s10798-024-09912-7 

http://www.jetir.org/
https://doi.org/10.3389/frsc.2021.664505
https://doi.org/10.3390/su7032768
https://doi.org/10.3390/su12020579
https://doi.org/10.3390/su13168733
https://doi.org/10.1007/s43621-023-00148-4
https://doi.org/10.1007/s43621-023-00148-4
https://doi.org/10.3390/su17177944
https://doi.org/10.3389/feduc.2024.1246889
https://doi.org/10.3389/feduc.2025.1553999
https://doi.org/10.2478/asn-2023-0005
https://doi.org/10.24818/basiq/2022/08/016
https://doi.org/10.1177/0973408215569121a
https://doi.org/10.4324/9780429297649-26
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-98b1482e-dc2d-4918-b591-2e078569e8cb&ti=Towards%20a%20Taxonomy%20of%20Tacit%20Knowing%20in%20Context%20of%20Project-Oriented%20Problem-Based%20Learning%20in%20the%20Engineering%20Sciences
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-98b1482e-dc2d-4918-b591-2e078569e8cb&ti=Towards%20a%20Taxonomy%20of%20Tacit%20Knowing%20in%20Context%20of%20Project-Oriented%20Problem-Based%20Learning%20in%20the%20Engineering%20Sciences
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-98b1482e-dc2d-4918-b591-2e078569e8cb&ti=Towards%20a%20Taxonomy%20of%20Tacit%20Knowing%20in%20Context%20of%20Project-Oriented%20Problem-Based%20Learning%20in%20the%20Engineering%20Sciences
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-98b1482e-dc2d-4918-b591-2e078569e8cb&ti=Towards%20a%20Taxonomy%20of%20Tacit%20Knowing%20in%20Context%20of%20Project-Oriented%20Problem-Based%20Learning%20in%20the%20Engineering%20Sciences
https://doi.org/10.2478/jtes-2022-0006
https://doi.org/10.4236/ce.2018.93029
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-6b929b3c-30d8-4286-a083-4ab774e536c1&ti=Educate%20for%20the%20future%20%3A%20PBL%2C%20Sustainability%20and%20Digitalisation%202020
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-6b929b3c-30d8-4286-a083-4ab774e536c1&ti=Educate%20for%20the%20future%20%3A%20PBL%2C%20Sustainability%20and%20Digitalisation%202020
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-6b929b3c-30d8-4286-a083-4ab774e536c1&ti=Educate%20for%20the%20future%20%3A%20PBL%2C%20Sustainability%20and%20Digitalisation%202020
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-6b929b3c-30d8-4286-a083-4ab774e536c1&ti=Educate%20for%20the%20future%20%3A%20PBL%2C%20Sustainability%20and%20Digitalisation%202020
https://doi.org/10.1007/s10798-024-09912-7


© 2026 JETIR January 2026, Volume 13, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2601564 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f449 
 

32. Hafeez, R., Akram, T., & Nazir, A. (2023). Meta-Analysis: Impact of Sustainable Development on 

Pedagogical Approaches in Education. UMT Education Review, 6(2), 72. https://doi.org/10.32350/uer.62.04 

33. Hammer, T., & Lewis, A. L. (2023). Which competencies should be fostered in education for 

sustainable development at higher education institutions? Findings from the evaluation of the study programs 

at the University of Bern, Switzerland. Discover Sustainability, 4(1). https://doi.org/10.1007/s43621-023-

00134-w 

34. Hasrul, H., & Irawan, B. (2023). Linking Citizenship to Education for Sustainability, a Theory of 

Change Conceptual Framework. BIO Web of Conferences, 79, 2005. 

https://doi.org/10.1051/bioconf/20237902005 

35. Holfelder, A. (2019). Towards a sustainable future with education? Sustainability Science, 14(4), 943. 

https://doi.org/10.1007/s11625-019-00682-z 

36. Holst, J. (2022). Towards coherence on sustainability in education: a systematic review of Whole 

Institution Approaches [Review of Towards coherence on sustainability in education: a systematic review of 

Whole Institution Approaches]. Sustainability Science, 18(2), 1015. Springer Science+Business Media. 

https://doi.org/10.1007/s11625-022-01226-8 

37. Joseph, S. (2023). Large Language Model-based Tools in Language Teaching to Develop Critical 

Thinking and Sustainable Cognitive Structures. Rupkatha Journal on Interdisciplinary Studies in 

Humanities, 15(4). https://doi.org/10.21659/rupkatha.v15n4.13 

38. Kinnula, M., Durall, E., Hirvonen, N., Malmberg, J., & Haukipuro, L. (2024). Nurturing systems 

thinking among young people by developing business ideas on sustainable AI. International Journal of 

Child-Computer Interaction, 40, 100656. https://doi.org/10.1016/j.ijcci.2024.100656 

39. Kioupi, V., & Voulvoulis, N. (2022). Education for Sustainable Development as the Catalyst for Local 

Transitions Toward the Sustainable Development Goals. Frontiers in Sustainability, 3. 

https://www.frontiersin.org/articles/10.3389/frsus.2022.889904 

40. Konieczny, J. (2024). Strengthening critical thinking through an inquiry-based approach to learning 

in the field of sustainable development. Scientific Papers of Silesian University of Technology Organization 

and Management Series, 2024(210), 291. https://doi.org/10.29119/1641-3466.2024.210.19 

41. Kopnina, H., Hughes, A. C., Zhang, R., Russell, M., Fellinger, E., Smith, S., & Tickner, L. (2024). 

Business education and its paradoxes: Linking business and biodiversity through critical pedagogy 

curriculum. British Educational Research Journal. https://doi.org/10.1002/berj.4048 

42. Korolyova, L. Yu., Voyakina, E. Yu., & Zherebayeva, L. (2021). Developing soft skills for sustainable 

development in environmental engineering students through foreign language learning. E3S Web of 

Conferences, 295, 5005. https://doi.org/10.1051/e3sconf/202129505005 

43. Kövesi, K. (2009). Engineering education for a sustainable future. 

https://doi.org/10.5821/dissertation-2117-93241 

44. Kusumaningrum, M. E., Kuswanto, H., Jumadi, J., Suyanto, S., Suhartini, S., Purwasih, D., & 

Prabawati, R. (2023). A Bibliometric Review of Research on Education for Sustainable Development, 2019-

2023 [Review of A Bibliometric Review of Research on Education for Sustainable Development, 2019-2023]. 

Lnternational Electronic Journal of Elementary Education. International Electronic Journal of Elementary 

Education. https://doi.org/10.26822/iejee.2023.315 

45. Lemarchand, P., MacMahon, C., McKeever, M., & Owende, P. (2023). An evaluation of a 

computational technique for measuring the embeddedness of sustainability in the curriculum aligned to 

AASHE-STARS and the United Nations Sustainable Development Goals. Frontiers in Sustainability, 4. 

https://doi.org/10.3389/frsus.2023.997509 

46. Lozano, R., Barreiro‐Gen, M., D’Amato, D., Gago‐Cortés, C., Favi, C., Martins, R., Mónus, F., 

Caeiro, S., Álamo, J. B. del, Caldera, S., Bostancı, Ş. C., Đjekić, I., Abadía, J. M. M., Sáenz, O., Awuzie, B., 

& Gładysz, B. (2022). Improving sustainability teaching by grouping and interrelating pedagogical 

approaches and sustainability competences: Evidence from 15 Worldwide Higher Education Institutions. 

Sustainable Development, 31(1), 349. https://doi.org/10.1002/sd.2396 

47. Ma, X., & Wu, X. (2025). Establishing a Seamless Integrated Project-Based Learning Framework 

Mediated by an Evidence-Based Project-Based Learning System. Sustainability, 17(5), 2325. 

https://doi.org/10.3390/su17052325 

48. Marouli, C. (2021). Sustainability Education for the Future? Challenges and Implications for 

Education and Pedagogy in the 21st Century. Sustainability, 13(5), 2901. 

https://doi.org/10.3390/su13052901 

http://www.jetir.org/
https://doi.org/10.32350/uer.62.04
https://doi.org/10.1007/s43621-023-00134-w
https://doi.org/10.1007/s43621-023-00134-w
https://doi.org/10.1051/bioconf/20237902005
https://doi.org/10.1007/s11625-019-00682-z
https://doi.org/10.1007/s11625-022-01226-8
https://doi.org/10.21659/rupkatha.v15n4.13
https://doi.org/10.1016/j.ijcci.2024.100656
https://www.frontiersin.org/articles/10.3389/frsus.2022.889904
https://doi.org/10.29119/1641-3466.2024.210.19
https://doi.org/10.1002/berj.4048
https://doi.org/10.1051/e3sconf/202129505005
https://doi.org/10.5821/dissertation-2117-93241
https://doi.org/10.26822/iejee.2023.315
https://doi.org/10.3389/frsus.2023.997509
https://doi.org/10.1002/sd.2396
https://doi.org/10.3390/su17052325
https://doi.org/10.3390/su13052901


© 2026 JETIR January 2026, Volume 13, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2601564 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f450 
 

49. McCarthy, B., & Eagle, L. (2021). Are the sustainability-oriented skills and competencies of business 

graduates meeting or missing employers’ needs? Perspectives of regional employers. Australian Journal of 

Environmental Education, 37(3), 326. https://doi.org/10.1017/aee.2021.11 

50. Mokoka, B., Smith, L., Wolff, K., Bertel, L. B., Guerra, A., Chen, J., Lavi, R., Bertel, L. B., & 

Lindsay, E. (2023). Work in progress: Project-based learning and culturally-responsive pedagogy: An 

approach to foster self-efficacy and inclusivity in Undergraduate Engineering Education. Research Portal 

Denmark, 272. https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-

80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-

based%20learning%20and%20culturally-

responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-

efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education 

51. Mokski, E., Filho, W. L., Sehnem, S., & Guerra, J. B. S. O. de A. (2022). Education for sustainable 

development in higher education institutions: an approach for effective interdisciplinarity. International 

Journal of Sustainability in Higher Education, 24(1), 96. https://doi.org/10.1108/ijshe-07-2021-0306 

52. Mondragón, N. I., Yarritu, I., Cámara, E. S. D., Arizti, N. B., & Vozmediano, L. (2023). The challenge 

of education for sustainability in higher education: key themes and competences within the University of the 

Basque Country. Frontiers in Psychology, 14. https://doi.org/10.3389/fpsyg.2023.1158636 

53. Nguyen, L. T. V., Cleveland, D., Nguyen, C., & Joyce, C. E. (2024). Problem-based learning and the 

integration of sustainable development goals. Journal of Work-Applied Management, 16(2), 218. 

https://doi.org/10.1108/jwam-12-2023-0142 

54. O’Grady, M. J. (2023). Transformative education for sustainable development: A faculty perspective. 

Environment Development and Sustainability. https://doi.org/10.1007/s10668-023-03609-y 

55. Park, Y. (2024). Sustainable Education Practices: Voices from Higher Education Institutions. 

Research Square (Research Square). https://doi.org/10.21203/rs.3.rs-3923563/v1 

56. Perkiss, S., Anastasiadis, S., Bayerlein, L., Dean, B. A., Jun, H., Acosta, P., González-Pérez, M. A., 

Wersun, A., & Gibbons, B. (2020). Advancing Sustainability Education in Business Studies through Digital 

Service Learning. American Business Review, 23(2), 283. https://doi.org/10.37625/abr.23.2.283-299 

57. Pires, S. M., Mapar, M., Nicolau, M., Patrizi, N., Malandrakis, G., Pulselli, F. M., Nicolau, P. B., 

Caeiro, S., Niccolucci, V., Theodossiou, N., Mancini, M. S., & Galli, A. (2022). Teaching sustainability 

within the context of everyday life: Steps toward achieving the Sustainable Development Goals through the 

EUSTEPs Module. Frontiers in Education, 7. https://doi.org/10.3389/feduc.2022.639793 

58. Price, E., White, R. M., Mori, K., Longhurst, J., Baughan, P., Hayles, C., Gough, G., & Preist, C. 

(2021). Supporting the role of universities in leading individual and societal transformation through 

education for sustainable development. Discover Sustainability, 2(1). https://doi.org/10.1007/s43621-021-

00058-3 

59. Rodríguez, I. R., Barrenechea, J., & Zinkunegi-Goitia, O. (2024). Sailing aboard the training ship 

Saltillo. An extracurricular experience in education for sustainable development. Journal of Outdoor and 

Environmental Education. https://doi.org/10.1007/s42322-024-00173-5 

60. Sá, P., Lourenço, M., & Carlos, V. (2022). Sustainability Competencies in Higher Education 

Research: An Analysis of Doctoral Theses in Portugal. European Journal of Investigation in Health, 

Psychology and Education, 12(4), 387. https://doi.org/10.3390/ejihpe12040028 

61. Scarff Seatter, C., & Ceulemans, K. (2017). Teaching Sustainability in Higher Education: Pedagogical 

Styles that Make a Difference. Canadian Journal of Higher Education, 47(2), 47. 

https://doi.org/10.47678/cjhe.v47i2.186284 

62. Sebire, R. H. E., & Flores, S. I. (2023). Sustainable Development in Higher Education Practices. 

Revista Lengua y Cultura, 5(9), 89. https://doi.org/10.29057/lc.v5i9.10971 

 

63. Servant, V. F. C., Holgaard, J. E., & Kolmos, A. (2020). A “PBL effect”? A longitudinal qualitative 

study of sustainability awareness and interest in PBL engineering students. Research Portal Denmark, 45. 

https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-c42f3631-2877-443f-ab9f-

1d0b1bf44d4f&ti=A%20%201CPBL%20effect%201D%3F%20A%20longitudinal%20qualitative%20stud

y%20of%20sustainability%20awareness%20and%20interest%20in%20PBL%20engineering%20students 

64. Shpak, G. B., & Vasques, A. (2023). Being the finger pointing to the moon: how martial arts can 

provide a holistic perspective on teachers’ role in tackling sustainability challenges. Frontiers in Education, 

8. https://doi.org/10.3389/feduc.2023.1170371 

http://www.jetir.org/
https://doi.org/10.1017/aee.2021.11
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-based%20learning%20and%20culturally-responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-based%20learning%20and%20culturally-responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-based%20learning%20and%20culturally-responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-based%20learning%20and%20culturally-responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-d59dba55-80cd-4e18-a892-2f8089956d27&ti=Work%20in%20progress%3A%20Project-based%20learning%20and%20culturally-responsive%20pedagogy%3A%20An%20approach%20to%20foster%20self-efficacy%20and%20inclusivity%20in%20Undergraduate%20Engineering%20Education
https://doi.org/10.1108/ijshe-07-2021-0306
https://doi.org/10.3389/fpsyg.2023.1158636
https://doi.org/10.1108/jwam-12-2023-0142
https://doi.org/10.1007/s10668-023-03609-y
https://doi.org/10.21203/rs.3.rs-3923563/v1
https://doi.org/10.37625/abr.23.2.283-299
https://doi.org/10.3389/feduc.2022.639793
https://doi.org/10.1007/s43621-021-00058-3
https://doi.org/10.1007/s43621-021-00058-3
https://doi.org/10.1007/s42322-024-00173-5
https://doi.org/10.3390/ejihpe12040028
https://doi.org/10.47678/cjhe.v47i2.186284
https://doi.org/10.29057/lc.v5i9.10971
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-c42f3631-2877-443f-ab9f-1d0b1bf44d4f&ti=A%20%201CPBL%20effect%201D%3F%20A%20longitudinal%20qualitative%20study%20of%20sustainability%20awareness%20and%20interest%20in%20PBL%20engineering%20students
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-c42f3631-2877-443f-ab9f-1d0b1bf44d4f&ti=A%20%201CPBL%20effect%201D%3F%20A%20longitudinal%20qualitative%20study%20of%20sustainability%20awareness%20and%20interest%20in%20PBL%20engineering%20students
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=aau&id=aau-c42f3631-2877-443f-ab9f-1d0b1bf44d4f&ti=A%20%201CPBL%20effect%201D%3F%20A%20longitudinal%20qualitative%20study%20of%20sustainability%20awareness%20and%20interest%20in%20PBL%20engineering%20students
https://doi.org/10.3389/feduc.2023.1170371


© 2026 JETIR January 2026, Volume 13, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2601564 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f451 
 

65. Singha, R., & Singha, S. (2024). Application of Experiential, Inquiry-Based, Problem-Based, and 

Project-Based Learning in Sustainable Education. In Practice, progress, and proficiency in sustainability (p. 

109). IGI Global. https://doi.org/10.4018/978-1-6684-9859-0.ch006 

66. Solorzano, C. C. L. de. (2023). Desafíos y Prospectivas de la Educación en Tiempos de 

Insostenibilidad. Revista Scientific, 8(30), 10. https://doi.org/10.29394/scientific.issn.2542-

2987.2023.8.30.0.10-20 

67. Sposab, K., & Rieckmann, M. (2024). Development of Sustainability Competencies in Secondary 

School Education: A Scoping Literature Review. Sustainability, 16(23), 10228. 

https://doi.org/10.3390/su162310228 

68. Stenderup, K., Overby, S. S., Bennedsen, J., Edström, K., Gudjonsdottir, M. S., Sæmundsdóttir, I., 

Kuptasthien, N., Roslöf, J., & Sripakagorn, A. (2021). Oral Group Examination Method to Evaluate 

Collaborative and Individual Learning. Research Portal Denmark, 630. 

https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=au&id=au-d11e99d6-a52e-4506-828c-

78a125b34ea4&ti=Oral%20Group%20Examination%20Method%20to%20Evaluate%20Collaborative%20

and%20Individual%20Learning 

69. Strachan, S., Logan, L., Willison, D., Bain, R., Roberts, J. J., Mitchell, I., & Yarr, R. (2021). 

Reflections on developing a collaborative multi-disciplinary approach to embedding education for 

sustainable development into higher education curricula. Emerald Open Research, 1(9). 

https://doi.org/10.1108/eor-09-2023-0007 

70. Thomas, I. (2009). Critical Thinking, Transformative Learning, Sustainable Education, and Problem-

Based Learning in Universities. Journal of Transformative Education, 7(3), 245. 

https://doi.org/10.1177/1541344610385753 

71. Vaughter, P., Noguchi, F., & Li, S. (2022). Minding the GAP: An overview of five years of Education 

for Sustainable Development (ESD) projects under the Global Action Programme (GAP) within Regional 

Centres of Expertise (RCEs) on ESD. Frontiers in Sustainability, 3. 

https://doi.org/10.3389/frsus.2022.978938 

72. Veckalne, R., & Tambovceva, T. (2022). The Role of Digital Transformation in Education in 

Promoting Sustainable Development. Virtual Economics, 5(4), 65. 

https://doi.org/10.34021/ve.2022.05.04(4) 

73. Vesala-Varttala, T., Pál, Á., & Kóris, R. (2024). Fostering sustainability competences through co-

creation of digital storytelling: Effects of COVID-19 on higher education students’ reflective learning. 

Journal of University Teaching and Learning Practice, 21(3). https://doi.org/10.53761/3va1xt56 

74. Wall, T., Österlind, E., Lehtonen, A., Khalaim, O., Fries, J., Hallgren, E., & Piasecka, S. (2025). 

Drama as a transformational capability of sustainability science. Sustainability Science. 

https://doi.org/10.1007/s11625-025-01751-2 

75. Walsh, Z., Böhme, J., Lavelle, B. D., & Wamsler, C. (2020). Transformative education: towards a 

relational, justice-oriented approach to sustainability. International Journal of Sustainability in Higher 

Education, 21(7), 1587. https://doi.org/10.1108/ijshe-05-2020-0176 

76. Wawer, M. (2023). Shaping sustainable development competencies through student internships. 

Scientific Papers of Silesian University of Technology Organization and Management Series, 2023(170), 

595. https://doi.org/10.29119/1641-3466.2023.170.37 

77. Wiek, A., Withycombe, L., & Redman, C. L. (2011). Key competencies in sustainability: a reference 

framework for academic program development. Sustainability Science, 6(2), 203. 

https://doi.org/10.1007/s11625-011-0132-6 

 

http://www.jetir.org/
https://doi.org/10.4018/978-1-6684-9859-0.ch006
https://doi.org/10.29394/scientific.issn.2542-2987.2023.8.30.0.10-20
https://doi.org/10.29394/scientific.issn.2542-2987.2023.8.30.0.10-20
https://doi.org/10.3390/su162310228
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=au&id=au-d11e99d6-a52e-4506-828c-78a125b34ea4&ti=Oral%20Group%20Examination%20Method%20to%20Evaluate%20Collaborative%20and%20Individual%20Learning
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=au&id=au-d11e99d6-a52e-4506-828c-78a125b34ea4&ti=Oral%20Group%20Examination%20Method%20to%20Evaluate%20Collaborative%20and%20Individual%20Learning
https://local.forskningsportal.dk/local/dki-cgi/ws/cris-link?src=au&id=au-d11e99d6-a52e-4506-828c-78a125b34ea4&ti=Oral%20Group%20Examination%20Method%20to%20Evaluate%20Collaborative%20and%20Individual%20Learning
https://doi.org/10.1108/eor-09-2023-0007
https://doi.org/10.1177/1541344610385753
https://doi.org/10.3389/frsus.2022.978938
https://doi.org/10.34021/ve.2022.05.04(4)
https://doi.org/10.53761/3va1xt56
https://doi.org/10.1007/s11625-025-01751-2
https://doi.org/10.1108/ijshe-05-2020-0176
https://doi.org/10.29119/1641-3466.2023.170.37
https://doi.org/10.1007/s11625-011-0132-6

