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Abstract
Contemporary science education increasingly prioritises the development of cognitive skills such as creativity, critical thinking, and scientific inquiry, as well as the acquisition of environmental awareness, but there is still a significant gap between theoretical knowledge and students' understanding of how their personal consumption habits contribute to environmental, economic, and social harm. This conceptual paper contends that closing this gap necessitates a pedagogical change toward values-based education and transformative learning, which helps students to critically analyse their beliefs, norms, and daily decisions in terms of sustainability. Drawing on empirical evidence and educational research, this study investigates how participatory and action-oriented strategies might help people transition to sustainable lifestyles by transforming cultural norms and developing new consumption habits within environmental limitations. The analysis also shows that, while current curricula effectively convey information about environmental degradation, they frequently fail to incorporate the socioeconomic and ethical dimensions required for students to internalise the personal relevance of sustainability, limiting the potential for genuine behavioural change. By combining literature on transformative pedagogy and values-based instruction, this paper proposes a framework for science education that not only informs students about ecological crises but also empowers them to reflect on the social systems that drive unsustainable consumption, and ultimately encourages the critical agency required for meaningful lifestyle transitions.
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Introduction
Education is like a critical link between scientific knowledge and societal change, serving as a fundamental mechanism through which learners can be empowered with the knowledge, skills, and values which can be necessary to create a sustainable future (Merritt et al., 2018). Despite the growing emphasis on environmental awareness in educational institutions, traditional way of science teaching rarely puts together the scientific facts from the broader socio-economic perspective, which further limits the opportunities for students to connect theoretical knowledge or awareness with the practical implications of their daily life experiences (Kyle, 2020). The modern curricula may have successfully integrated concepts of creativity, critical thinking, and inquiry skills to foster scientific literacy, they may often treat environmental awareness as an abstract academic exercise rather than a catalyst for examining the tangible consequences of individual consumption patterns or behaviours (Parry & Metzger, 2021). This compartmentalization results in a learning environment where the students may understand the mechanism of climate change or loss of biodiversity yet remain unaware of how each of their personal behaviours, consumption habits, and lifestyle choices actively drive these systemic issues (Aada, 2024). Substantially, there may be an urgent need to re-evaluate the pedagogical approaches that are used in science classrooms so as to ensure that they do not merely transmit scientific facts but also focus on fostering a deep understanding of the systemic linkages between environment, health, poverty, and development which are again the three dimensions of sustainable development environment, social and economic (Kyle, 2020). Sustainable development is fundamentally a way to understand the world as a complex interaction of these systems, raising critical questions about where in the standard curriculum students construct such understandings and how education might be more intrinsically linked to these issues (Kyle, 2020). To address this complexity, science education has to expand just beyond the transmission of disciplinary knowledge to encompass the socio-political and ethical dimensions of sustainability, thereby fostering an ecologically literate person capable of social transformation (Kyle, 2020).
Current Landscape of Science Education
Contemporary science classrooms frequently emphasize the development of cognitive competencies such as creativity, critical thinking, and inquiry skills, often alongside the transmission of awareness regarding environmental harm, yet certain data indicates that younger students often struggle to connect these abstract environmental concepts to their own experiences and communities (Pada et al., 2025). This suggests that while students may possess scientific literacy regarding ecological degradation, they often lack the ability to apply this understanding to the socio-economic and ethical dimensions of their personal consumption habits, resulting in a gap between theoretical knowledge or awareness and practical responsibility or action (Setiani et al., 2025; Tsakeni & Jita, 2021). This phenomenon may be largely attributed to existing teaching-learning approaches or practices that remain unsustainable in their design where it often fails to contextualize scientific learning within the real life and socio-ecological practices of students (Chowdhury et al., 2020). Onwu and Kyle Jr. put forward their points that if science education is to integrate the goals of sustainable development, it must expand beyond traditional content move to process aims to link learning with the contextual realities of life and living context (Kyle, 2020). Such a contextualized approach is essential because sustainable development seeks to harmoniously balance the needs of present and future generations across economic, social, and environment dimensions, which may require learners to grasp the complex interconnections between scientific principles and societal well-being (Konieczny, 2024). Research indicates that this pedagogical gap creates a disconnect where students may comprehend the cause of environmental degradation but fail to recognize how their own behaviours and consumption patterns actively drive these systemic issues (Malaluan et al., 2022).
The Role of Values and Critical Inquiry
To bridge the gap between scientific knowledge and responsible action, it is imperative to cultivate a pedagogical environment that encourages students to critically examine their underlying beliefs, norms, and values regarding consumption and sustainability. This process involves moving beyond the mere acquisition of descriptive knowledge to engage with the normative values that underpin socio-scientific issues, requiring students to understand environmental challenges not only as scientific phenomena but also as individual and societal concerns which are weighed down with ethical complexity (Zeyer & Dillon, 2019). By fostering critical self-reflection, learners can begin to get disengaged from the dominant market-driven paradigms which mostly prioritizes economic profits over ecological integrity, which will help them in recognizing how their daily choices contribute to broader socio-environmental degradation (Manteaw, 2021). This shift necessitates a pedagogical framework that prioritizes the internal dimensions of learning, where an individual’s interpretation of the perceived relevance of sustainability is defined through the lens of their own personal values and beliefs (Tan et al., 2023). This internalization of values is crucial, as it shifts the focus from passive knowledge acquisition to active engagement with the moral and ethical imperatives of sustainability, ultimately empowering learners to judge and participate in the complex discourses surrounding environmental and social justice rather than accepting a single prescribed interpretation (Kyle et al., 2024; Yean & Rahim, 2021). Consequently, this paper explores the necessity of integrating values-based inquiry into science education to address the limitations of current paradigms, specifically investigating how transformative pedagogical approaches can facilitate the translation of environmental awareness into sustainable lifestyle choices and responsible citizenship.
Methodology
This conceptual paper critically examines the disconnect between contemporary science education's focus on cognitive skills and the behavioural changes necessary for sustainable living, arguing that current paradigms fail to address the normative underpinnings of students' daily choices and consumption habits (Deutzkens et al., 2022). Drawing upon a review of literature and empirical data, the study investigates how the neglect of socio-economic and ethical dimensions in traditional curricula hinders the development of pro-sustainability citizenship, and proposes a shift towards transformative pedagogy as a mechanism to foster critical self-reflection and values-based behavioural change. This study is primarily conceptual, relying on a theoretical synthesis of literature rather than primary empirical data. While it proposes a robust framework for bridging the value-action gap, it does not yet provide longitudinal evidence of behavioural change in a specific student cohort.
Furthermore, drawing from the wider literature, the implementation of transformative pedagogy faces systemic limitations. Leite et al. (2022) note that "resistance to change" within school organizations and the shortage of time in crowded curricula often hamper transformative experiences in real contexts. Similarly, Bonello and Pace (2022) highlight that without support for grassroots initiatives, transformative efforts can be stifled by dominant institutional structures that prioritize standardization over emancipation. Future research is needed to empirically validate this framework across diverse disciplines beyond Natural Science, as suggested by Botes and Barnett (2022), to understand how pre-service and in-service teachers experience these pedagogical shifts in practice.
Cognitive Skills Versus Behavioural Change
Despite the strong emphasis on cognitive competencies within current science education frameworks, research indicates a persistent disparity between the acquisition of theoretical knowledge and the manifestation of pro-environmental behaviours, suggesting that intellectual awareness alone is insufficient to drive the necessary lifestyle modifications for sustainability (Rodríguez Aboytes & Barth, 2020). This disconnect is especially evident in curricula that prioritize the mastery of scientific concepts and inquiry processes over the internalization of ethical responsibilities, frequently leaving students with an understanding of environmental mechanisms but no motivation to change their consumption patterns (Keleş, 2017). As a result, the educational landscape frequently fails to create a sense of personal agency, with students viewing environmental deterioration as a remote systemic issue rather as a result of their own lifestyle choices and consumption habits (Casinader, 2021). This lack of obvious agency is further complicated by teaching approaches that rarely link abstract scientific principles to the practical, everyday decisions that determine ecological footprints, encouraging a detached approach to sustainability (Kang & Tolppanen, 2024). Furthermore, this detachment is reinforced by an educational reluctance to prioritize the development of students' will to act and their confidence in affecting real change, often due to systemic constraints such as time pressures and crowded curricula that lead teachers to prioritize content delivery over behavioural engagement (Nielsen et al., 2024). Consequently, the educational focus remains largely on the transmission of information regarding environmental states rather than on fostering the critical self-reflection necessary for students to recognize their own complicity in these issues through daily consumption habits (Kiely et al., 2021). This educational constraint is intensified by evaluation systems that emphasise memorisation rather than the exhibition of behavioural modifications, leading to a superficially knowledgeable society that is unable to convert environmental consciousness into concrete actions (Blumstein & Saylan, 2007).
A major flaw in modern science teaching is the tendency to characterise environmental degradation as the result of abstract industrial processes or systemic failures, hiding the direct link between human consumption habits and ecological harm. By conceptualising ecological crises predominantly as external occurrences for scientific study, curricula frequently neglect the essential role of individual agency and the aggregate effect of personal lifestyle choices, thereby failing to cultivate a feeling of accountability among students (Meyer, 2023). 
Modern science curriculum sometimes simplify complicated environmental issues to discrete scientific phenomena, overlooking the complex socio-economic and ethical factors that influence consumption patterns and resource allocation (Deutzkens et al., 2022). Such anthropocentric perspectives are frequently reinforced in educational settings, where students are taught to view other living creatures primarily as sources of food or energy, and non-living landscapes as devoid of meaning beyond their immediate instrumental use (Jørgensen et al., 2022).
Values for Sustainable Living
Values for sustainable living include the intrinsic principles and ethical frameworks that guide people in making responsible decisions that balance ecological integrity, social equity, and economic viability, going beyond simple environmental awareness to include a critical examination of consumption habits and their broader consequences. Lysgaard and Öhman (2022) argue that recognising the interconnectedness of social, economic, and environmental systems requires a shift away from viewing nature solely as a resource for human utility. This challenges dominant paradigms that often reduce complex ecosystems to consumable commodities. This instrumentalisation is frequently perpetuated by a "materialistic" conception of development that equates long-term progress with Western-style economic growth, framing biodiversity and natural resources solely in terms of economic value and rational utility rather than inherent worth (Barthes, 2018).
Recent assessments from global bodies, like the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, depict that the ongoing decline in biodiversity is basically linked to current values that prioritise short-term economic profits over long-term ecological health (Martin et al., 2024). The IPBES Values Assessment emphasises that a values crisis may be the major reason for these environmental concerns, stating that significant progress toward sustainability can necessitate addressing the specific sets of values that may have with environmental consequences (Pascual et al., 2023). 
Researchers have pointed out the psychological drivers of consumption highlights the limitations of purely economic incentives, suggesting that environmental actions are often mediated by deep-seated value-belief-norm chains where personal values catalyze beliefs that subsequently activate personal norms influencing behaviour (Wild & Heuling, 2025). Despite this causal chain's theoretical potential to drive sustainable actions, empirical studies show that traditional environmental education frequently fails to produce long-term behavioural changes because students struggle to connect abstract resource conservation with eliminating poverty or tangible natural resource protection for future generations (Msezane, 2017).
Values Education and Behavioural Shifts
According to studies on values education, while exposure to socio-scientific issues can sensitise students to make informed lifestyle choices, significant gaps exist in translating this awareness into consistent pro-environmental behaviours, a phenomenon known as the value-action gap (Barman, 2023; Portus et al., 2024). Literature suggests that this inconsistency between the environmental values people hold and their actual behaviours is a persistent challenge in education, indicating that awareness alone is insufficient to drive lifestyle changes (Portus et al., 2024). For example, evidence suggests that even among people who are highly concerned about the environment, engagement in sustainable consumption practices remains low, with only a small proportion of the population adopting habits like reducing household waste and energy use (Borrello et al., 2023). Scholars argue that resolving this disconnect requires a significant shift in the values that guide attitudes and behaviour, because environmental problems are rooted in exploitative practices, and technical solutions or information provision alone are insufficient to achieve long-term change (Vladimirova, 2014). Instead, promoting sustainable lifestyles requires a focus on the social, cultural, and economic circumstances that define individual agency, because concrete decisions are influenced not only by internal ideals but also by external structural variables (Gregorio et al., 2025). As a result, effective educational interventions must target both students' internal cognitive frameworks and the external institutional constraints that limit their ability to apply the concepts of sustainability (Portus et al., 2024; Sidiropoulos, 2018). Transformative pedagogy provides a solid foundation for overcoming these systemic impediments by radically reforming the learning process to promote critical self-reflection and the questioning of long-held cultural norms about consumption and progress. This approach is based on the premise that education must serve as a tool for social change. However, current efforts frequently fail to translate knowledge, attitudes, and values into tangible action, resulting in a persistent value-action gap in which educated individuals understand environmental necessity but fail to change their daily habits (Meyer, 2023; Meyer et al., 2024; Portus et al., 2024). This disconnect is exacerbated by the fact that many existing frameworks, such as the Theory of Planned Behaviour and the Norm Activation Theory, account for only a portion of the variation in behaviour, implying that formal sustainability education may play a more important role than previously thought (El-Menawy, 2025). To address the limits of present educational frameworks, it is necessary to adopt a holistic pedagogical strategy that incorporates cognitive, socio- emotional, and experiential learning domains (Çelebi & Ekici, 2025).
Transformative Pedagogy for Sustainable Lifestyles
Rooted in transformative learning theory, this educational paradigm moves beyond the mere transmission of content to facilitate a "paradigmatic shift" in students' worldviews, enabling them to construct and appropriate new interpretations of their relationship with the economy and the environment (Paul & Eggermont, 2022). Central to this approach is the cultivation of critical self-reflection, where learners are guided to examine and question their deeply held assumptions, beliefs, and cultural norms regarding consumption and progress (Meyer et al., 2024; Shah et al., 2025). By engaging in this process of critical self-reflection, students are encouraged to challenge the prevailing paradigm of unsustainable progress and develop new perspectives that support sustainability, ultimately leading to changes in attitudes and behaviours (Jabbour et al., 2023; Margeviča-Grīnberga et al., 2023). Transformative learning theory posits that this shift occurs through a disorienting dilemma, which prompts learners to critically assess their epistemological assumptions and recognize that their discontent and the process of transformation are shared by others (O’Grady, 2023). This collective realization fosters a supportive environment where learners can safely deconstruct the unsustainable collective beliefs that currently constrain our ability to build sustainable societies (Mair & Druckman, 2023).
Principles of Transformative Learning
The foundation of transformative learning is that sustainable development needs a holistic approach of encompassing knowledge, awareness, skills, attitudes, and active participation to address both individual and societal change (Hasrul & Irawan, 2023). However, implementing this holistic approach also comes with significant challenges, particularly regarding the normative demands inherent in sustainability debates. The pedagogical focus has to remain on stimulating a radical reassessment of worldviews, where students engage in critical thinking and analysis to independently evaluate the implications of their own consumption practices (O’Grady, 2023). This process of critical reflection is essential because it allows learners to evaluate their past ideas and understanding, thereby shifting their very worldview as they obtain new information (Andersen & Feldt, 2024). Mezirow has emphasized that understanding the meaning of our experiences is the defining condition of being human, and in the context of sustainability challenges, it is essential for learners to make their own interpretations rather than acting on the purposes, beliefs, judgments, and feelings of others (Scarff Seatter & Ceulemans, 2017). To facilitate this deep level of engagement, educators must create "disorienting dilemmas" within the classroom that provide students with the space to critically pursue new ideas and challenge their existing frames of reference (Quang, 2019). These dilemmas act as a catalyst for the ten phases of transformative learning, which include self-examination, critical assessment of assumptions, and the exploration of new roles and relationships (Quang, 2019). Following the exploration of new roles and relationships, the transformative process necessitates that learners can plan a course of action and acquire the specific knowledge and skills required to implement their plans (Makrakis & Kostoulas‐Makrakis, 2012; Singer‐Brodowski, 2023). This phase is crucial as it bridges the gap between theoretical understanding and practical application, ensuring that students are not only conceptually prepared but also equipped with the competencies necessary to enact sustainable behaviours in their daily lives (Saimon et al., 2023; Williams & Brant, 2019).
Effective transformative pedagogy necessitates the creation of participative learning environments where students can openly navigate the factual and ethical complexities inherent in sustainability issues (Lohmann & Goller, 2022). Teachers can therefore facilitate a structured dialogue and deliberation, facilitating students to engage with diverse perspectives and critically question their underlying assumptions and beliefs through peer interaction and self-reflection (Quang & Wit, 2020). 
Curriculum Development and Teacher Training
To effectively operationalize transformative pedagogy, science curricula must be restructured to integrate interdisciplinary content that explicitly links scientific concepts to their socio-economic and ethical implications, moving beyond isolated disciplinary knowledge to foster a holistic understanding of sustainability (Veckalne & Tambovceva, 2022). This integration requires curriculum designers to embed modules that not only cover ecological principles but also critically examine the economic drivers of environmental degradation and the social justice dimensions of resource distribution, thereby contextualizing scientific inquiry within real-world sustainability challenges (Rodríguez Aboytes & Barth, 2020). Rather than retrofitting curricula, schools must embrace their roles as catalysts for community resilience and regeneration by adopting bidirectional, inclusive education models that cultivate sustainability competencies through integrated curricula and multi-disciplinary projects (Rust & Rust, 2024). Such an approach necessitates moving beyond traditional subject silos to foster systems thinking, which enables learners to understand the interconnectedness of ecological, social, and economic systems (Adorno et al., 2025). Furthermore, fostering a culture of dialogue, reflection, and deliberation within educational settings encourages students to engage in informed discussions on complex sustainability issues, enhancing their capacity to analyze multifaceted problems and devise innovative solutions (Hasrul & Irawan, 2023). However, the successful implementation of such integrated curricula is contingent upon the preparedness of educators to navigate the complex normative landscape of sustainability education, which often requires a fundamental shift in their professional identity and pedagogical practice. Consequently, teacher training programs must be reimagined to equip educators with the specific skills and competencies required to facilitate critical reflection and manage the "disorienting dilemmas" central to transformative learning (Barman, 2023). This shift requires that educators move beyond the traditional "banking" model of education, where knowledge is simply deposited into passive students, toward a problem-posing approach characterized by dialogue and mutual learning between teachers and students (Rust & Rust, 2024).
Implications
To translate the theoretical framework of transformative pedagogy into tangible classroom realities, this study identifies critical implications for curriculum developers, teacher educators, and practitioners. Curricula must move beyond the additive approach of merely inserting sustainability topics into existing syllabus. Instead, they should adopt an interdisciplinary structure that fosters systems thinking, enabling learners to understand the complex interconnections between ecological, social, and economic systems. As highlighted by Leite et al. (2022), curricula must prioritize student agency, shifting from content transmission to action-oriented competencies where students are positioned as decision-makers rather than passive recipients. The successful implementation of this pedagogy relies heavily on the educator's ability to navigate normative and ethical conflicts. Teacher training programs must equip educators with the skills to facilitate open dialogue and critical consciousness, creating safe spaces where students can deconstruct their beliefs without fear of judgment. Bonello and Pace (2022) warn that educators often face a threat to authority or succumb to procrastination due to rigid systemic structures. Therefore, professional development must focus on empowering teachers to become transformative change agents who can challenge the status quo from the grassroots level. Teachers are encouraged to integrate disorienting dilemmas such as conflicting viewpoints on local environmental justice issues to trigger the psychological dimension of transformation. Practical strategies include the use of collaborative practices and self-reflective writing, which Botes and Barnett (2022) identify as essential for moving students from psychological awareness to behavioural change.
Conclusion
This paper has argued that while contemporary science education effectively cultivates cognitive skills such as critical thinking and inquiry, it often fails to address the behavioural and value-based dimensions necessary for achieving sustainable lifestyles. The analysis revealed that despite the emphasis on inquiry and observation, current pedagogical approaches frequently overlook the influence of daily consumption habits and the socio-economic norms that drive environmental harm, leaving a significant gap between knowledge acquisition and responsible action (Levrini et al., 2021; Soomro, 2024). To bridge this gap, the research highlighted the potential of transformative pedagogy as a robust framework for fostering the critical reflection and value-based inquiry needed to shift student worldviews toward sustainability. By challenging preconceived ideas and beliefs through discourse and validation, educators can cultivate socially responsible autonomous thinkers who are capable of becoming the change agents needed to ensure sustainable development continues to evolve (Zizka et al., 2020). This paradigm shift necessitates that educators move beyond the mere transmission of scientific facts to facilitate learning experiences that challenge students to critically reflect on their personal values, consumption patterns, and the broader socio-economic systems that underpin environmental degradation (Birdsall, 2022; Parry & Metzger, 2021).
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