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Abstract

This study analyzed students' sustainability literacy using a four-dimensional progressive scale:
Non-Awareness, Awareness, Responsibility, and Taking on Leadership Role. Data from 50 students
revealed a bimodal distribution, with highest concentrations at the Awareness stage (38%) and
Leadership stage (40%), while only 20% were at Responsibility and 2% at Non-Awareness. This
indicates a significant gap in sustainability learning progression, where transition from awareness to
responsibility does not occur linearly. The high proportion at leadership level demonstrates great
potential for developing sustainability change agents, but low representation at responsibility stage
highlights the need for reformulated pedagogical strategies. These findings align with recent
research showing sustainability literacy develops non-sequentially and requires specific
interventions at transition stages. The study recommends developing experiential and project-based
learning programs to strengthen the Responsibility stage, alongside a holistic approach integrating
environmental, social, and economic domains to address complex future sustainability challenges.
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Introduction

The increasingly complex global environmental crisis demands fundamental
transformation in higher education, particularly in developing students' sustainability literacy as
future leaders. Sustainability literacy encompasses more than just a conceptual understanding of
environmental, social, and economic issues. (Maulana et al., 2024), but also the ability to take
concrete action in addressing sustainability challenges. In the context of achieving the 2030
Sustainable Development Goals (SDGs), higher education plays a crucial role in preparing graduates
with the competencies needed to address complex socio-ecological challenges. (Chien & Chien,
2025); (Ekawati et al., 2025).

Recent research shows that there is still a significant gap between theoretical awareness
and practice of sustainability among students. (Ekawati et al., 2025). According (Saifana Iluj’ Dhia
Hakiki & Diki Anggi Saputra, 2024) identified that nearly half of the sustainability literacy
assessment instruments used in higher education research lacked adequate piloting and validation
processes. Furthermore, a study by (Leal et al., 2024) emphasizes the importance of a hybrid
approach that integrates formal, informal, and non-formal learning experiences in developing
sustainable development competencies..

The Learning for Sustainability Assessment offers a comprehensive framework for
measuring the development of sustainability literacy through four progressive stages: Non-
Awareness, Awareness, Responsibility, and Taking on a Leadership Role.(Diamond & Irwin, 2013).
This framework allows for the identification of not only students' current literacy levels, but also
transition patterns and barriers to learning progression (Uzorka et al., 2024). The importance of
sustainability literacy is increasingly prominent considering that higher education institutions are
responsible for shaping future decision-makers and leaders. (Nugraha et al., 2023).

Literature Review
The Concept of Sustainability Literacy in a Contemporary Context

Sustainability literacy has evolved into a more complex and multidimensional concept in
the last decade. Working of (Chen et al., 2022) defines sustainability literacy as the integration of
knowledge, attitudes, and behaviors that support sustainable development. This definition expands
the traditional understanding that focuses solely on the cognitive dimension by integrating the
affective and behavioral dimensions, which are equally important in driving sustainable
transformation. (Mroz & Ocetkiewicz, 2024).
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The sustainability competency framework developed by (Redman et al., 2021) and updated
identifies five interrelated core competencies: systems-thinking competency, anticipatory
competency, normative competency, strategic competency, and interpersonal competency. The
study by (Amprazis & Papadopoulou, 2025) adding that these competencies encompass not only
cognitive and technical dimensions, but also transformative dimensions that facilitate changes in
students' perspectives and values. This approach recognizes that sustainability literacy is not simply
the accumulation of knowledge, but involves a fundamental transformation in how individuals view
their relationship to socio-ecological systems. The developed sustainability competency framework
identifies three main competency categories: cognitive, metacognitive, and socio-communicative,
which are essential for students to apply their knowledge and skills in professional contexts.
(Nugraha et al., 2023). The development of sustainability literacy also includes the ability to think
systems, think forward, think values, think strategically, and interpersonal competencies which are
key in overcoming complex problems (Redman et al., 2021).

The GreenComp framework groups these competencies into four interconnected areas:
“realizing sustainability values,” “embracing complexity in sustainability,” “imagining sustainable
futures,” and “acting for sustainability.”(Persano Adorno et al., 2025). Cognitive and technical
dimensions, but also a transformative dimension that facilitates changes in students' perspectives
and values. This approach recognizes that sustainability literacy is not simply the accumulation of
knowledge, but involves a fundamental transformation in how individuals view their relationship to
socio-ecological systems (Ramadhani & Sunarya, 2024).

Progressive and Transformative Model of Sustainability Learning

Recent research on sustainability learning emphasizes the importance of transformative
approaches that go beyond conventional knowledge transmission. Transformative learning in the
context of sustainability involves a process of in-depth critical reflection, meaningful concrete
experiences, and the development of student agency as agents of change. This model recognizes that
literacy development is not always linear and can involve ‘threshold moments' or points of
transformation that fundamentally change how students understand and interact with sustainability
issues.

Recent research on sustainability learning emphasizes the importance of transformative
approaches that go beyond conventional knowledge transmission. This aligns with the concept of
education for sustainable development, which focuses on acquiring skills, competencies, and
knowledge to proactively change economic, ecological, and social behavior (Mulyadiprana et al.,
2022). Therefore, the development of sustainability literacy must include the ability to identify,
analyze, and evaluate environmental problems based on ecological and socio-political foundations,
in addition to fostering an attitude of empathy and concern for the environment. (Santiani et al.,
2023). Critical thinking skills related to the environment are an important prerequisite for developing
environmental awareness and literacy, helping students understand the complexity of sustainability
issues and (Widiyastuti et al., 2024).

This model recognizes that literacy development is not always linear and can involve
'threshold moments' or points of transformation that fundamentally change how students understand
and interact with sustainability issues. Study (Priyanka et al., n.d.) identified four pedagogical
principles that characterize effective sustainability learning: contextual learning (learning based on
real contexts), constructive learning (active knowledge construction), collaborative learning
(interdisciplinary collaboration), and transformative learning (transformation of perspectives and
values). Their research shows that experiential learning approaches such as problem-based learning,
project-based learning, and challenge-based learning are highly effective in facilitating students'
transition from awareness to responsibility and leadership. However, implementing these
approaches requires appropriate scaffolding and adequate institutional support to address the
complexity and uncertainty inherent in sustainability issues.

In this regard, universities need to expand existing educational programs and implement
new initiatives that go beyond conventional practices to equip students with the competencies
necessary for sustainable development at every level of education (Idoiaga, Mondragon et al., 2023).
Involving varied teaching methods such as inquiry-based, collaborative, project-based, and hands-
on learning is also essential to enrich students' environmental literacy (Zulfah et al., 2024).

219



The Virtual International Conference on Economics, Law and Humanities
Volume 4 Number 1 2025

Sustainability Literacy Measurement and Assessment Instrument

The development of valid and reliable instruments to measure sustainability literacy has
become a research priority in Education for Sustainable Development (ESD). They reviewed various
assessment instruments and identified two main approaches: adaptation and modification of existing
research instruments, and the use of publicly available sustainability tests such as the Sulitest
(Sustainability Literacy Test). They found that the Sulitest, developed as a 30-minute multiple-
choice assessment to measure minimum knowledge of economic, social, and environmental
responsibility, is one of the most comprehensive instruments available. (Décamps et al., 2017).

However, in the research (Yanti et al., 2025) also identified a critical gap in sustainability
literacy assessment research: the lack of a rigorously validated universal sustainability literacy test.
They found that nearly half of the instruments reviewed in their study had not undergone adequate
piloting and validation, indicating a significant methodological weakness (Martin et al., 2025).
These findings reinforce the urgency of developing more robust, reliable, and valid instruments for
measuring sustainability literacy. A recent study from (Kuehl et al., 2023) reported the
implementation of an inaugural sustainability literacy assessment for their undergraduate population
with a median score of 71%, demonstrating the importance of continuous assessment in tracking
students' sustainability literacy development.

The Higher Education Sustainability Initiative (HESI), launched in 2025, emphasized the
importance of 'frameworks to practice’ for sustainability competencies. The initiative identified that
despite the development of various competency frameworks (the UNESCO Competency
Framework, the EU Green Comp Framework, and various national/sectoral frameworks), there
remains a lack of awareness and adoption, hindering the practical implementation of the pedagogical
and curricular changes necessary to develop these competencies. (Chien & Chien, 2025; Lozano et
al., 2023).

Methodology
Reseach Design

This study used a quantitative approach with a cross-sectional survey design to analyze the
distribution of students' sustainability literacy levels. This method was chosen because of its ability
to measure population characteristics at a single point in time and identify distribution patterns that
can inform pedagogical interventions. The quantitative approach allows for comprehensive
statistical analysis of sustainability literacy data and identification of the significance of the patterns
found, in line with best practices in sustainability literacy assessment research (Miterianifa &
Mawarni, 2024).

Partisipants

The research sample consisted of 50 students from various PGSD study programs at Esa
Unggul University who had studied the concept of science by integrating sustainability education
into the curriculum. Participants were selected using a purposive sampling technique with the
criterion of having taken at least one sustainability-related course. The distribution of participants
spanned various academic levels (1st to 4th year) to capture variations in exposure to sustainability
education. The diversity of academic backgrounds allowed for a more comprehensive analysis of
the development of sustainability literacy across various learning contexts, following
recommendations from recent studies that emphasize the importance of representative sampling in
sustainability assessment (Bitar & Davidovitch, 2024).

Reseach Instruments

The Learning for Sustainability Assessment instrument used in this study consists of 50
items designed to measure four progressive stages of sustainability literacy. Each item was
developed based on theoretical and empirical literature on sustainability learning, including the
competency framework developed by the (Compan et al., 2025). The instrument uses a 5-point
Likert scale (strongly disagree to strongly agree) to measure respondents’ level of agreement with
each statement.

Instrument validation was conducted in two stages: content validity and construct validity.
Content validity was evaluated by an expert panel consisting of three academics with expertise in
sustainability education. Construct validity was analyzed using confirmatory factor analysis to
ensure that the instrument items measured the intended constructs. Of the initial 50 items, 47 (94%)
were declared valid based on the criteria of factor loading > 0.40 and statistical significance p <
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0.05. This validation process followed best practices recommended by (Compan et al., 2025) to
address the methodological weaknesses often found in sustainability literacy assessment
instruments. The instrument's reliability was evaluated using Cronbach's alpha, which yielded a
coefficient of o = 0.959. This value far exceeds the minimum threshold of 0.70 for social research
and is categorized as excellent reliability. This high reliability indicates excellent internal
consistency among the instrument's items and strengthens confidence in the measurement results.

Data Collection Procedures

Data collection was conducted online using a validated digital survey platform. Participants
received complete information about the study's purpose, procedures, and their rights as respondents.
Informed consent was obtained from all participants before accessing the instrument. The survey
was designed to be completed within 20-30 minutes to minimize respondent fatigue, following
guidelines from the STARS 3.0 framework for sustainability literacy assessment. Data were
collected over a two-week period to ensure an optimal response rate (Amprazis & Papadopoulou,
2025).

Data Analyze

Data analysis was conducted using Microsoft Excel to identify the distribution of students
across four stages of sustainability literacy. Descriptive analysis was used to calculate the frequency
and percentage of students at each scale. Distributional analysis was conducted to identify bimodal
or multimodal patterns in the data. Additionally, comparative analysis was conducted to explore
differences in distribution based on participants’ demographic and academic characteristics.
Interpretation of the results was conducted by referring to recent theoretical and empirical literature
to identify the pedagogical implications of the findings, including research from transformative
learning theory. (Noroozi et al., 2020) 2023) and experiential learning frameworks (Chatpinyakoop
et al., 2022)

Results
Validity and Reliability of Instruments

Psychometric analysis of the Learning for Sustainability Assessment instrument
demonstrated very satisfactory results. Of the 50 items tested, 47 (94%) met validity criteria with
factor loadings above 0.40 and statistical significance of p < 0.05. Three items that did not meet
validity criteria were excluded from further analysis. Valid items were evenly distributed across the
four progressive scales, with each scale having at least 10 valid items. These validation results
exceeded recommended standards, indicating that many sustainability literacy instruments lack
adequate validation.

The instrument's reliability, measured using Cronbach's alpha, reached a = 0.959. This
value indicates excellent internal consistency and strengthens confidence in the measurement
results. Reliability analysis for each subscale also showed high values: Scale 1-Non-Awareness (o
=0.87), Scale 2-Awareness (o = 0.91), Scale 3-Responsibility (a = 0.89), and Scale 4-Leadership (a
= 0.93). These results confirm that the instrument can measure sustainability literacy with high
accuracy and consistency, in line with the rigorous assessment standards emphasized by the Higher
Education Sustainability Initiative (Leiva-Brondo et al., 2022).

Distribution of Sustainability Literacy Levels

An analysis of the distribution of sustainability literacy levels among 50 participating
students revealed an interesting and unexpected bimodal pattern. The data showed the highest
concentration at two extremes: Scale 2—Awareness (38%) and Scale 4—Leadership (40%). This
finding indicates that the majority of students fall at two opposite poles of the sustainability literacy
spectrum, with nearly equal proportions. This distribution pattern aligns with recent studies showing
that the development of sustainability literacy does not always follow a linear progression but can
involve transformative leaps (Dedoussi, 2021)

The proportion of students on Scale 3—Responsibility—was relatively low, at only 20%
of the total participants. More surprisingly, only 2% of students were identified as being on Scale
1—Non-Awareness. This distribution creates a U-shaped or bimodal pattern indicating a significant
gap in the Responsibility stage, which serves as a transitional phase between awareness and
leadership. This phenomenon is consistent with the attitude-behavior gap identified in the
sustainability education literature (Chen et al., 2022), where students demonstrate a high level of
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awareness of sustainability issues but struggle to translate that awareness into a sense of
responsibility and concrete action. Table 1 presents the complete distribution of students across the
four sustainability literacy scales

Table 1. Pre-Analysis of Student Distribution across Four Scales of Sustainability Literacy

Skala Literasi Number of Students Percentage (%)
Scale 1: Non Awareness 1 2%
Scale 2: Awareness 19 38%
Scale 3: Responsibility 10 20%
Scale 4: Leadership Role 20 40%
Total 50 100%

Sustanability Literacy of Students

18 40
40
30 19 20 20
20 10
0 e =
A

0
Non Awareness Awareness of  Responsibility Taking on
of environment Environment and (Scale 3) Leadership role
and social social impact for sustainability
impact (Scale 1) (Scale 2) (Scale 4)

HE Amount m%

Figure 1. Pre-Analysis of Students' Sustainability Literacy

This bimodal distribution pattern reveals a phenomenon that differs from the assumption
of linear progression in sustainability learning. Instead of a normal distribution concentrated in the
middle of the spectrum, the data shows a polarization between students at the awareness stage and
those who have reached the leadership stage. The gap in the Responsibility stage is a key finding
that requires further investigation and specific pedagogical interventions, in line with the
transformative learning framework developed by (Ottesen et al., 2023) and (Compan et al., 2025).

Characteristics of Each Scale

Analysis of student characteristics across each scale provides in-depth insights into
sustainability literacy profiles. Students on Scale 1—Non-Awareness (2%) demonstrated a very
limited understanding of sustainability issues and had not yet recognized the relevance of
sustainability to their lives. This very low proportion indicates that the institution's sustainability
education program has been successful in raising basic awareness among students, consistent with
the global trend of mainstreaming sustainability education in higher education. (Ottesen et al., 2023).

Students on Scale 2-Awareness (38%) demonstrated a good understanding of sustainability
concepts and were able to identify relevant sustainability issues. They demonstrated systems-
thinking competency and anticipatory competency, two of the five key competencies in
sustainability (Annelin & Bostrom, 2022). However, this awareness has not yet translated into a
personal commitment to action or change behavior. This group represents students who have
achieved conceptual understanding but are still in the contemplation phase without concrete action,
a phenomenon identified as 'knowingness' without 'behavior' in the framework (Chen et al., 2022)

Students on Scale 3-Responsibility (20%) demonstrate a critical transition from awareness
to action. They have developed normative competency and strategic competency—the ability to
identify sustainability values and design strategies to achieve them (Amprazis & Papadopoulou,
2025). This group has begun to integrate sustainability principles into their daily decisions and
actions, although perhaps still on an individual scale. The low proportion on this scale indicates that
the transition from awareness to responsibility is a challenging threshold and requires more intensive
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pedagogical support, particularly through experiential learning approaches that facilitate real-world
engagement (Ramadany et al., 2025).

Students on Scale 4-Leadership (40%) demonstrate a high commitment to sustainability
and have taken an active role in promoting change. They demonstrate advanced interpersonal
competency and the ability to collaborate, communicate, and lead in interdisciplinary and
multicultural contexts (Chien & Chien, 2025). This group demonstrated the characteristics of
transformative change agents: long-term vision, the ability to inspire and mobilize others, and the
skills to design and implement sustainability initiatives. The high proportion of students on this scale
is a very positive finding and indicates significant potential for developing sustainability change
agents, in line with the goals of the HESI Framework for sustainability leadership development.
(Décamps et al., 2017).

Discussion
The Bimodal Distribution Phenomenon and Its Implications

The bimodal distribution identified in this study challenges traditional assumptions about
linear progression in sustainability learning. The U-shaped pattern, with a concentration on Scale
2—Awareness and Scale 4—Leadership, indicates that the development of sustainability literacy
can involve transformative leaps—transformative leaps that allow students to 'skip' the
Responsibility stage and directly reach Leadership. This phenomenon aligns with transformative
learning theory, which emphasizes that transformative learning is not always linear but can involve
'disorienting dilemmas' or critical moments that trigger fundamental perspective shifts. Recent
research (Persano Adorno et al., 2025) identified that transformative learning in sustainability
education involves a complex process in which students experience fundamental changes in their
worldview. They argued that critical reflection, concrete experience, and the development of agency
are key elements that facilitate this transformation. In the context of this research finding, students
ranked on Scale 4-Leadership may have experienced powerful transformative experiences—such as
participation in sustainability projects, exposure to real-world sustainability challenges, or
engagement with sustainability movements—that facilitate a direct leap from awareness to
leadership without going through the prolonged phase on the Responsibility scale.
However, the low proportion of students on Scale 3-Responsibility (20%) also indicates that the
traditional pathway from awareness to responsibility remains challenging for the majority of
students. This is consistent with the ‘attitude-behavior gap' extensively documented in the
environmental psychology and sustainability education literature. (Chen et al., 2022) In their study
of sustainability literacy in China, they found similar patterns, where students demonstrated high
levels of sustainability knowledge and positive attitudes but struggled to translate these into concrete
behaviors. They identified that barriers such as perceived lack of self-efficacy, structural constraints,
and unsupportive social norms contributed to this gap.

Pedagogical Implications: From Framework to Practice

The findings of this study have significant implications for the design and implementation
of sustainability education programs in higher education, particularly in the context of the global
movement ‘from frameworks to practice’. The bimodal distribution indicates the need for a
differentiated and adaptive pedagogical approach for students at different stages (Igbal et al., 2025).
For students on Scale 2-Awareness, interventions should focus on facilitating the transition to Scale
3-Responsibility through experiential learning approaches that have been extensively validated in
recent research. In the study (Hajj-Hassan et al., 2024) about experiential learning for sustainability
in engineering education identified four critical principles for more effective implementation:
contextual learning (grounding in real-world contexts), constructive learning (active knowledge
construction), collaborative learning (interdisciplinary collaboration), and transformative learning
(perspective transformation). They found that approaches such as problem-based learning, project-
based learning, and challenge-based learning were highly effective in developing not only cognitive
but also affective and social-emotional dimensions, which are important for responsible
development.

According (Monika, 2024), provide important insights into the role of formal, informal,
and non-formal learning experiences in the development of sustainability competencies. They argue
that a hybrid approach that integrates structured learning with informal learning opportunities such
as sustainability clubs, volunteering, and community engagement, as well as non-formal experiences
such as internships, field trips, and participatory action research, can facilitate the development of a
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more comprehensive sustainability literacy. This hybrid approach is particularly relevant for
bridging the gap between awareness and responsibility because it provides multiple pathways and
touchpoints for students to develop their sense of personal responsibility and agency.

For students on Scale 4—Leadership, the pedagogical focus needs to shift toward
developing advanced competencies, including transformative leadership, facilitating systems
change, and sustainability innovation. This group of students can function as peer educators,
mentors, and change agents within the sustainability education ecosystem. Research findings
indicate that peer learning and mentoring programs are highly effective in facilitating sustainability
learning, particularly in developing interpersonal competencies and collaborative problem-solving
skills. (Bonilla-Jurado et al., 2024; Qadar et al., 2022). Creating structured opportunities for
leadership students to mentor awareness students can yield mutual benefits—leadership students
develop teaching and facilitation skills, while awareness students gain personalized support and role
models who can inspire their transformation process.

Integrating Sustainability Competencies Framework

The complexity of contemporary sustainability challenges necessitates the integration of a
comprehensive competency framework with multidimensional coverage. GreenComp: The
European Sustainability Competence Framework (Science & Policy, 2022) offers a useful structure
through an emphasis on four key competency areas: (1) embodying sustainability values, (2)
embracing complexity in sustainability, (3) visualizing sustainable futures, and (4) acting for
sustainability. This framework aligns with widely used key competency models that encompass
systems thinking, anticipatory, normative, strategic, and interpersonal competencies, but places
significant additional emphasis on the values and action-orientation dimensions.

Recent work (Amprazis & Papadopoulou, 2025) demonstrate how the competency
framework can be operationalized in specific educational contexts. Their findings indicate that
effective integration requires well-trained educators with relevant knowledge, appropriate
instructional design, and potential structural changes within educational institutions. A crucial aspect
is developing educator competencies in facilitating transformative learning, managing uncertainty
and complexity, and supporting students in developing their sustainable agency. (Syofyan &
Rachmadtullah, 2019; Vare et al., 2019).

The urgency of a whole-institution approach is an initiative that integrates sustainability
competency development across the curriculum, not just isolated courses. It also embeds it in the
institutional culture and supports it through organizational practices. This systemic approach
recognizes that sustainability education is not solely about individual student learning but
encompasses a comprehensive transformation of the educational ecosystem to support the transition
to sustainability.

Limitations and Recommendations for Future Research

While this study provides valuable insights into the distribution of sustainability literacy,
several limitations should be acknowledged. First, the relatively small sample size (n=50) limits the
generalizability of the findings. Further research with larger, more representative samples is needed
to confirm the identified bimodal distribution pattern.(Annelin & Bostrém, 2022) In their systematic
review, they recommended minimum sample sizes and rigorous validation procedures for
sustainability literacy assessment instruments.

Second, the cross-sectional design used in this study does not facilitate analysis of students'
transitions between scales over time. Longitudinal studies are essential to understand the dynamics
of literacy development and identify factors that facilitate or hinder learning progression.
Recommended research designs could include repeated assessments across academic years
combined with qualitative methods to capture transformative experiences and critical incidents that
trigger transitions between scales.

Third, the use of self-report instruments is susceptible to social desirability bias. Future
research could integrate multiple assessment methods, including behavioral observation,
performance-based assessment, and portfolio evaluation, to provide a more comprehensive picture
of students' sustainability literacy. The approach applied combines literacy assessment with cultural
and behavioral assessments, providing a useful model for multi-method assessment. (Noroozi et al.,
2020). Fourth, this research has not fully explored contextual factors that potentially influence
literacy distribution, such as specific pedagogical interventions, curricular design, institutional
support, and cultural context. Future research needs to systematically investigate these factors to
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identify best practices and transferable principles in sustainability education. Comparative studies
across different institutions, cultural contexts, and disciplinary backgrounds can provide valuable
insights into effective interventions, the contexts in which they are implemented, and the reasons for
their success.

Conclusion

This study revealed a unique bimodal distribution pattern in students’ sustainability
literacy, with the highest concentrations at the Awareness (38%) and Leadership (40%) stages, while
only 20% were at the Responsibility stage and 2% at the Non-Awareness stage. This finding
challenges the assumption of linear progression in sustainability learning and indicates a significant
gap in the transition from awareness to responsibility. Excellent instrument validity (94% valid
items) and high reliability (o = 0.959) strengthen confidence in the study’s findings. The gap at the
Responsibility stage indicates the need for reformulating pedagogical strategies that specifically
target the transition from awareness to action through an experiential learning approach.

The study recommends five key strategies: (1) developing experiential learning programs
that facilitate authentic engagement with sustainability challenges; (2) creating a peer mentoring
system; (3) integrating formal, informal, and non-formal learning experiences; (4) adopting a whole-
institution approach that embeds sustainability into the institutional culture; and (5) conducting
regular sustainability literacy assessments. The high proportion of students at the Leadership stage
represents a valuable asset that can be leveraged to strengthen the sustainability education
ecosystem. However, addressing the accountability gap remains a critical priority, requiring
systematic implementation strategies, adequate institutional support, and ongoing evaluation.

A key implication of this research is the urgency of developing adaptive and differentiated
pedagogical strategies tailored to students’ literacy stages. Future research should prioritize
longitudinal studies to understand the dynamics of literacy development over time and explore
contextual factors that influence the progression of sustainability learning.
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