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Executive Summary

This report presents the findings of a comprehensive systematic literature review
(SLR) examining international practices for integrating sustainability into higher education
(HE) curricula. The study, conducted within the GreenUS project under the Erasmus+ KA220-
HED framework, explores global efforts to green HE curriculum design, pedagogy, and
institutional learning environments. Drawing from 195 peer-reviewed journal articles published
between 1990 and 2024, the review provides an empirically grounded and thematically rich
synthesis of curriculum transformation strategies aligned with UNESCO’s (2024) Greening
Curriculum Framework.

The review identifies a significant shift in sustainability education from content-based
approaches to more holistic transformations that include pedagogical innovation and
institutional engagement. The analysis is structured around three interrelated pillars of
curriculum greening: educational content, green pedagogies, and learning environments.
A combination of bibliometric mapping and qualitative synthesis was used to identify thematic
categories within each pillar.

In terms of curriculum content, the findings underscore the dominance of systems
thinking and sustainability competence development, alongside the emergence of
transformative, value-based learning, applied and experiential strategies, the inclusion of local
and indigenous knowledge, and the rise of technology-mediated content delivery. These
categories represent a transition from knowledge transmission to the cultivation of critical
thinking, ethical reasoning, and action-oriented learning.

The green pedagogies component highlights diverse teaching strategies such as
experiential and place-based learning, critical and transformative approaches, interdisciplinary
systems thinking, digital and hybrid formats, and co-constructive learning models. These
pedagogies prioritize student agency, collaborative knowledge production, and alignment with
real-world sustainability challenges, though institutional barriers—such as rigid curricula and
lack of faculty training—remain prevalent.

The review also examines learning environments, identifying trends in community-
based engagement, campus-as-laboratory approaches, and embodied, outdoor learning.
These environments blur boundaries between classroom and society, facilitating civic
participation and ecological awareness, but also require systemic institutional support.

Bibliometric analyses (via VOSviewer) revealed the conceptual density and dominant
clusters in the literature, pointing to central themes like “curriculum,” “competence,” “systems,”
“technology,” and “ethics.” However, the maps also identified gaps, particularly around
indigenous knowledge and social justice perspectives, suggesting an uneven integration of
epistemic diversity.

The report is structured in three main parts:

1. Bibliometric Analysis — This section provides a quantitative mapping of the literature
using co-occurrence analysis and visualizations derived from titles, abstracts, and
keywords of selected SCOPUS and WoS papers. It outlines major trends, thematic
clusters, and knowledge production dynamics in the field of sustainability education in
higher education.

2. Findings — Organized into three analytical pillars:

o Green Curriculum Content: This part examines how sustainability topics are
framed, structured, and delivered in the curriculum, with a focus on systems
thinking, competence-based education, and the integration of diverse
knowledge systems.



o Green Pedagogies for Sustainability Education: This section explores
pedagogical innovations, categorizing approaches such as experiential and
place-based learning, critical and transformative pedagogies, systems-oriented
instruction, digital and hybrid methods, and co-constructive learning strategies.

o Learning Environments: The final component investigates how physical, virtual,
and institutional spaces shape sustainability learning, identifying categories
such as community-engaged settings, digital platforms, campus-as-laboratory
models, and embodied, outdoor learning spaces.

3. — This section synthesizes cross-cutting insights,
situates the findings within broader scholarly and policy debates, and offers
implications for curriculum design, faculty development, institutional strategy, and
educational research.

The report concludes with a forward-looking analysis, emphasizing that meaningful
integration of sustainability into higher education demands systemic thinking, institutional
courage, and sustained pedagogical innovation. This transformation must be anchored not
only in knowledge transmission but in the cultivation of ethical responsibility, civic participation,
and adaptive capacity—core competencies for navigating an uncertain and interdependent
future.



Introduction

The urgent need for integrating sustainability into education has become a key priority
in higher education (HE) institutions worldwide. As the global community faces pressing
environmental and social challenges, universities play a crucial role in preparing students to
address these issues by embedding sustainable practices within curricula. This report
presents a comprehensive systematic literature review (SLR) on international greening
curriculum practices in HE, aiming to analyze current research trends, identify successful
strategies, and highlight key challenges in implementing sustainability-driven education.

Greening the curriculum refers to the incorporation of environmental, social, and
economic sustainability principles into higher education curricula, pedagogy, and institutional
practices. This transformation extends beyond traditional environmental education to
encompass systemic changes in course content, teaching methodologies, and university
operations. A green curriculum integrates climate action, social responsibility, and
sustainability competencies, fostering a holistic approach that engages students across
cognitive, socio-emotional, and behavioral dimensions (Greening Curriculum Guidance —
Teaching and Learning for Climate Action, 2024).

This study is conducted as part of the GreenUS project, a European initiative under
the Erasmus+ KA220-HED Cooperation Partnerships in Higher Education framework. The
project seeks to provide comprehensive guidance for integrating sustainability into HE
curricula by examining global best practices and developing a structured framework for
greening education. Specifically, this literature review aligns with Work Package 2 (WP2) of
the project, which focuses on conducting a state-of-the-art review and documentation of
greening education practices in HE and adult learning contexts.

Guided by the PICO framework, the study explores key research questions related
to greening strategies, pedagogical innovations, and content integration in HE curricula. The
primary research question driving this review is: What are the strategies for greening the
curriculum in higher education institutions? This is further examined through sub-
questions exploring climate justice, learning design principles, and curriculum content
supporting sustainability integration.

The methodology of this review follows a systematic approach based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The study
includes academic sources from Scopus and Web of Science, ensuring a broad and
interdisciplinary perspective on curriculum greening. The review synthesizes findings across
different institutional contexts to identify key trends, challenges, and innovative practices that
contribute to embedding sustainability in HE curricula.

This report is structured as follows: following this introduction, the Methodology
section outlines the study design, data collection, and selection criteria. The Results section
presents key findings related to curriculum greening strategies, while the Discussion explores
implications for HE institutions. The report concludes with recommendations for policy,
practice, and future research directions to advance sustainability in education.

By offering an in-depth analysis of curriculum greening initiatives, this study aims to
support HE institutions, policymakers, and educators in adopting and refining strategies for
integrating sustainability into academic programs. Through this effort, we contribute to
fostering an educational landscape that equips students with the knowledge and skills needed
to drive meaningful environmental and societal change.



Understanding Greening Practices in Higher

Education

In recent years, the effort to green higher education curricula has evolved from a
peripheral concern into a central pedagogical and strategic priority. This shift is not only driven
by the urgency of climate breakdown but also by the structural alignment of higher education
institutions (HEIls) with global policy frameworks, notably the United Nations’ Sustainable
Development Goals (SDGs), particularly SDG 4.7. These frameworks call for education that
fosters sustainable development, global citizenship, and cultural awareness. However, while
sustainability is now frequently mentioned in policy statements, meaningful curricular
integration remains uneven and contested.

What emerges from the literature is a broad, multifaceted rethinking of both what is
taught and how education is delivered. Across disciplines, educators and institutions are
reconfiguring teaching methods, content, and institutional roles to cultivate sustainability
competencies such as systems thinking, ethical reasoning, and future-oriented decision-
making. This transformation is characterized less by a single model and more by a growing
diversification of practices—some innovative, others still nascent — see Figure 1.

A key tension lies in the gap between policy vision and pedagogical reality. While
top-down initiatives increasingly call for comprehensive sustainability integration, educators
often report a lack of support, time, and training to enact this shift effectively (Ade-Ojo, 2011;
Zhao & Cheah, 2023). This disconnect underscores the need for co-designed curricular
frameworks, where educational policy is informed by the lived realities of classrooms,
disciplines, and learners.

Pedagogical innovation is central to greening the curriculum. Institutions are
increasingly adopting experiential, problem-based, and dialogic approaches to foster
engagement with real-world sustainability challenges. These practices move away from
passive knowledge transfer toward active, participatory learning that emphasizes critical
thinking and social responsibility (Jeronen, 2022; Martinez-Valdivia et al., 2021). Emerging
models—such as flipped classrooms, maker education, and dialogic gatherings—aim to
reconfigure the learning environment into a space where sustainability is practiced, not just
taught.

At the same time, the integration of digital and technological tools is reshaping
sustainability education. From Al-driven personalized learning systems to virtual labs and
game-based modules, digital platforms are being used not only to increase access but also to
introduce new modes of interaction and reflection (Gonzalez-Mufioz et al., 2024; Singh et al.,
2021) (Singh et al.,, 2022; Gonzalez-Mufoz et al., 2024). In parallel, open educational
resources and hybrid models are expanding the reach of sustainability education into rural
and underserved regions, positioning digitalization as both a pedagogical and social justice
tool.



Figure 1
Key Principles of Greening Education
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Crucially, sustainability is no longer confined to environmental science or policy
studies. There is a marked disciplinary expansion underway, with efforts to embed
sustainability into architecture, business, tourism, engineering, education, and even technical
and vocational training (Kang et al., 2024; Kohler et al., 2013). These efforts reflect a growing
recognition that sustainability must become a transversal concern—one that reorients the
entire knowledge ecosystem rather than being relegated to electives or extracurricular
activities.

Yet, significant barriers remain. Across studies, faculty resistance, curriculum
overload, fragmented institutional structures, and lack of consistent evaluation mechanisms
are repeatedly cited as impediments to deep curricular transformation (Wilson & von der Heidt,
2013; Holdsworth & Thomas, 2016). Moreover, the assumption that the inclusion of
sustainability content automatically leads to sustainability-oriented behavior is increasingly
questioned. What is needed are not only better strategies for inclusion, but also sharper
attention to how students learn, what motivates them, and how institutional cultures
shape outcomes.

Indeed, new research suggests that student-centeredness, expectation
alignment, and intrinsic motivation are crucial variables in the success of sustainability



education (Kocot et al.,, 2024; Van den Branden, 2015). The emphasis is shifting toward
sustainability as not only a subject matter but as a learning philosophy—one that cultivates
resilience, autonomy, and a sense of agency among learners.

More recent frameworks push even further, advocating for epistemological and
ontological shifts in how sustainability is understood and taught. Posthumanist and
multispecies approaches, for instance, challenge the anthropocentric assumptions underlying
much of traditional education. These perspectives call for a radical decentering of the human,
arguing that sustainability education must engage with ecological interdependence and ethical
pluralism in deeper, more embodied ways (Kopnina, 2021; Lindgren & Ohman, 2019).
Similarly, calls for “third-space” pedagogies and network science-based systems thinking
reflect a broader ambition to equip learners not just to understand the world but to reimagine
their place within it (Buttacavoli, 2024; Weber et al., 2021).

This evolution is also visible in institutional experiments that link sustainability with
community engagement, civic participation, and youth empowerment. The role of HEIs
as “green engines” for sustainable development—through research, outreach, and
partnerships—is increasingly emphasized (Biancardi et al., 2023; Pocol et al., 2022). These
efforts often blur the boundaries between curriculum, governance, and activism, suggesting
that curriculum greening is as much a political and institutional project as it is a pedagogical
one.

Therefore, the contemporary landscape of sustainability education in higher
education is marked by both momentum and fragmentation. While experimentation and
innovation abound, coherence and integration remain elusive. What is clear, however, is that
greening the curriculum is no longer a technical task of content insertion. It is a structural,
cultural, and philosophical transformation—one that demands rethinking not only what we
teach, but how we learn, who we learn with, and what kind of future we are preparing for.

Methodology

The study design

This study employs a systematic literature review (SLR) methodology to explore the existing
body of research on greening curriculum practices in higher education (HE). The research
follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA - Page et al., 2021) guidelines to ensure transparency and rigor in the identification,
selection, and synthesis of relevant studies. The study aligns with Work Package 2 (WP2) of
the GreenUS project, which aims to compile a state-of-the-art review on the integration of
sustainability in HE curricula, including pedagogical strategies, institutional policies, and
educational content.

Research Questions

Guided by the greening strategies proposed by UNESCO (2024), this systematic review
addresses the following research questions:

e RQ1: What are the strategies for greening the curriculum in higher education
institutions?

o RQ1.1: How do greening curriculum practices advance climate justice (e.g.,
human rights, gender equality, inter-generational equity, and intra-cultural
equity)?



o RQ1.2: What pedagogies and learning design principles underpin greening
initiatives in higher education?

o RQ1.3: What educational content supports curriculum greening in HE?

These questions frame the investigation of curriculum greening from multiple dimensions,
covering institutional, pedagogical, and content-level strategies.

The current review has been registered in the Open Science Framework which is a platform
that supports the registration of protocols for systematic reviews (registration number:
https://doi.org/10.17605/OSF.10/2PGSW ).

The eligibility criteria (see Table 1) for this systematic literature review on greening
curriculum practices in higher education were designed to ensure the inclusion of high-quality,
relevant, and methodologically sound studies. Studies were considered eligible if they
explicitly addressed curriculum greening, sustainability education, or the integration of
environmental principles into higher education curricula. The research had to focus on
universities, colleges, or other higher education institutions, ensuring that primary and
secondary education studies were excluded. Empirical research, case studies, systematic
reviews, or robust theoretical frameworks were considered, provided they discussed specific
curriculum strategies, pedagogical approaches, or institutional policies that contribute to
sustainability education.

To ensure academic rigor, only peer-reviewed journal articles were included, while
conference proceedings, gray literature, and theses were excluded. The studies had to be
published in English or have an available translation, and only those published between 1990
and 2024 were considered to maintain relevance and comprehensiveness. Articles were
excluded if they lacked focus on higher education or did not specifically address curriculum
greening. Studies that examined sustainability education broadly without application to
curriculum development in HEIs were not included. Research that focused on sustainability
initiatives unrelated to teaching and learning, such as campus greening projects or waste
management programs, was also excluded. Opinion-based or editorial content without
empirical evidence, studies with unclear methodologies, non-peer-reviewed sources, and
articles without accessible full texts were removed from consideration.

Table 1
The inclusion and exclusion criteria

Inclusion

Exclusion

C1l Population — university faculty and
students, HEIls

C2I Intervention — changes to address
greening that fall into the UNESCO
framework

C3l Comparison — comparison of
interventions in different regions of the
world

C4l Outcomes — effects on students,
institutions, communities

C5I Context — Higher education

C6l Language: Studies published in English
C71 Time frame: studies published from the
year 1990-2024

C1E The article does not refer to greening
curriculum in higher education

CZ2E The article refers to other forms of
intervention in the community but not in
HEls

C3E The article does not refer to strategies,
practices, interventions

C4E The paper is not available
C5E The article is not peer reviewed

C6E The study is not a journal article
C7E The article is not written in English


https://doi.org/10.17605/OSF.IO/2PGSW

Inclusion Exclusion
C8l The article is peer reviewed, published  C8E The article does not refer to greening
in a journal (not a conference proceeding) curriculum in higher education

The eligibility criteria were applied systematically across three screening stages. The
title screening stage eliminated studies that were clearly unrelated to curriculum greening in
HEIs. The abstract screening stage further refined the selection by ensuring alignment with
the research focus. The full-text review phase involved a detailed assessment of the
methodology, scope, and findings to determine final inclusion. These criteria were established
to ensure that the included studies provide relevant insights into greening curriculum practices
in higher education, are based on methodologically sound research, reflect a global
perspective across different regions and institutional settings, and maintain academic rigor by
including only peer-reviewed literature. By enforcing these criteria, the study guarantees a
rigorous, focused, and high-quality review of research on sustainability integration in higher
education curriculum.

For the systematic literature review, we employed a search strategy using two academic
databases: Web of Science (WoS) and Scopus. These platforms were selected due to their
broad interdisciplinary coverage and high-quality indexing of peer-reviewed literature. The
decision to use only Web of Science and Scopus ensured the inclusion of reliable, high-impact
studies across educational, environmental, and interdisciplinary fields.

To ensure a systematic identification of relevant literature, we implemented a search strategy
across two major academic databases: Web of Science (WoS) and Scopus. These
databases were chosen for their multidisciplinary coverage, inclusion of high-quality peer-
reviewed publications, and compatibility with systematic review protocols. The search process
followed the PRISMA guidelines and focused on literature addressing curriculum greening in
higher education.

The search was restricted to:
e Years: 1990-2024
¢ Language: English
e Document type: Peer-reviewed journal articles

e Subject areas: Education, Environmental Sciences, Social Sciences, and
Multidisciplinary Studies

The search terms were based on combinations of keywords related to sustainable and
environmental education, applied with Boolean operators. The following queries were used:

Web of Science Query: TS=("greening curriculum" OR "sustainable education" OR
"environmental curriculum” OR "sustainability in curriculum") AND PY=(1990-2024) AND
LA=(English) AND DT=(Article) AND WC=("Education & Educational Research" OR
"Environmental Sciences" OR "Multidisciplinary Sciences")

Scopus Query: (TITLE-ABS-KEY ("greening curriculum" OR "sustainable education" OR
"environmental curriculum" OR "sustainability in curriculum") AND PUBYEAR AFT 1989 AND
PUBYEAR BEF 2024 AND LANGUAGE (english) AND DOCTYPE (ar) AND (LIMIT-TO



(SUBJAREA, "SOCI") OR LIMIT-TO (SUBJAREA, "ENVI") OR LIMIT-TO (SUBJAREA,
"MULT")))

The selected search terms focused on capturing studies that explore what is taught
(curriculum content), how it is taught (pedagogical approaches), and where learning occurs
(learning environments), in alignment with UNESCOQ's 2024 guidance on curriculum greening.
The search was limited to English-language articles in academic journals to ensure relevance,
accessibility, and the international applicability of findings.

The selection of studies followed a multi-phase screening and analysis process to
ensure methodological rigor, consistency, and alignment with the objectives of this systematic
literature review. The process comprised three main phases: (1) abstract and availability
screening, (2) full-text screening and data extraction, and (3) qualitative data analysis.

Data extraction and deduplication process

Using the search strategies outlined above, a total of 467 articles were retrieved from the Web
of Science database and 659 from Scopus (njniria; = 1126 papers). To identify and remove
duplicate records, we applied a formula-based approach using the Digital Object Identifier
(DOQI) as the unique identifier. Specifically, we used the following formula in Excel to detect
duplicate entries between the two datasets: =IF(ISNUMBER(MATCH(B1, D:D, 0)),
"Duplicate", "Unique")

This formula cross-referenced the DOI numbers across the two datasets, flagging any
overlapping entries. When duplicates were identified (ngypiicates = 404), we retained the Web
of Science entry and removed the corresponding record from the Scopus dataset to ensure
consistency and avoid redundancy in analysis.

Following this deduplication process, all 467 Web of Science articles were retained, along with
262 unique articles from Scopus, resulting in a total of 722 (1126-404) unique studies included
for further screening and analysis — see Figure 2.

Phase 1: Screening

Phase 1.1: Abstract-Based Screening. In the initial stage, a total of 722 articles from the Web
of Science and Scopus databases were screened based on their abstracts. This step focused
on assessing the relevance of each article to the scope of the review, which examines
curriculum greening strategies in higher education. Studies that did not align with the research
objectives or that addressed unrelated topics were excluded (n=277).

Phase 1.2: Availability-Based Screening. Following abstract review, the availability of each
retained article was verified. Only studies with full-text access (i.e., those not behind paywalls
without institutional access) were included. This criterion (C4E) was applied to ensure that all
selected studies could be reviewed in full and analyzed in detail. 42 articles were excluded
based on the C4E criterion.

Phase 2: Full-Text Screening and Data Extraction

In the second phase, the full texts of the 403 selected studies were reviewed against
predefined inclusion criteria. Articles that meet the criteria proceed to the data extraction stage.
195 article met all the inclusion criteria.

Data Extraction



For each eligible study, relevant information was systematically recorded in a dedicated sheet
(see



Supplementary material 1: Metadata extraction table). The following data points were
extracted:

o Type of Article: Classified into categories such as empirical studies, mixed methods,
conceptual articles, literature reviews, case reports, etc.

o Field and Degree Course: l|dentification of the academic discipline and degree
program associated with the greening strategy (e.g., Teacher Training, Engineering,
Environmental Science).

e Main Objective and/or Research Questions: Direct excerpts from the article to
preserve accuracy.

¢ Research Methodology: Categorized as quantitative, qualitative, or mixed methods.

e Research Sample: Description of sample size, demographic information, and
selection methods.

Phase 3: Data Analysis

The third phase involves a qualitative synthesis of the extracted data, recorded in the
“Data_analysis_sheet in



Supplementary material 1: Metadata extraction table. Each study was analyzed along the
following thematic categories:

1. Content-Related Strategies

o ldentification and summary of curriculum interventions, including design, goals,
scope, and observed impacts.

2. Pedagogical Approaches

o Documentation of teaching methods such as Problem-Based Learning,
Gamification, Blended Learning, Experiential Learning, etc., and their role in
promoting sustainability.

3. Learning Environments

o Analysis of the educational settings, including online, hybrid, or community-
based environments, and their contribution to learning outcomes.

4. Other Strategies

o Inclusion of additional approaches to greening education or ESD that do not
fall into the above categories.



Figure 2
The PRISMA flow diagram
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Bibliometric analysis

Before exploring the thematic findings of the reviewed literature, it is essential to first
establish a broad empirical overview of the field through bibliometric analysis. This approach
provides a macro-level understanding of the intellectual structure, key concepts, and emerging
patterns within greening practices in higher education.

The bibliometric analysis was conducted using VOSviewer (version 1.6.20 for
Microsoft Windows). The analysis focused on co-occurrence of terms drawn from the titles
and abstracts of all articles included in the Web of Science and Scopus databases, as well as
author keywords, to identify key themes and their interrelations.

Using VOSviewer’s text mining functionality, both a term co-occurrence network and
a keyword co-occurrence clustering were generated. A minimum threshold of three co-
occurrences was set to ensure relevance and reduce noise. The resulting maps display how



frequently terms appear together and group them into clusters based on their contextual
proximity, allowing for the identification of thematic concentrations across the field.

In total, three visualizations were created: (1) a cluster network showing the
conceptual structure of the field based on title and abstract terms - Figure 3; (2) a heatmap
visualizing term density and frequency - Figure 4; and (3) a keyword co-occurrence map
highlighting dominant author-defined topics - Figure 8. Together, these visualizations offer a
structured overview of how sustainability education is framed, which concepts dominate the
discourse, and where gaps or peripheral areas may exist.

By analyzing the co-occurrence of terms from article titles and abstracts using
VOSviewer, we generated a concept map (Figure 3) and a heatmap (Figure 4) that visualize
the most salient topics and their interconnections. These maps serve as tools for guiding the
qualitative synthesis that follows. In this way, the bibliometric mapping complements the
systematic review methodology by anchoring the interpretative work in a robust and data-
driven representation of the field’s discursive landscape.

Figure 3
Co-occurrence map based on titles and abstracts
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The VOSviewer map generated from the titles and abstracts offers a compelling
visual representation of the conceptual landscape shaping greening in higher education. It
reveals clusters of interrelated concepts that co-occur across the literature, shedding light on
both dominant thematic patterns and more emergent, peripheral topics.

At the center of the map lies a dense network anchored by terms such as
“curriculum,” “learner,” “collaboration,” and “learning experience.” This nucleus reflects
the centrality of pedagogical design and learner-centered approaches in the discourse. The
prominence of “curriculum” suggests that questions of content organization, alignment, and



assessment continue to dominate sustainability education research. At the same time, the
focus on “learner” and “collaboration” points to an enduring emphasis on student engagement,
co-construction of knowledge, and participatory learning environments.

Surrounding this central core are several distinct clusters (visible in the heatmap in
Figure 4 as well), each representing a particular thematic emphasis. One of the most
prominent is a green -colored cluster organized around terms like “ r,” “ ?
“ > and “ ” This group captures a stream of research concerned W|th
behavioral and attitudinal dimenS|ons of sustainability, particularly in relation to digital and
technology-mediated learning environments. Terms such as S

,and “ ” indicate that many studies are focused on evaluating
learner intentions and measuring pedagogical effectiveness through statistical modeling
techniques. This suggests a strong presence of psychologically informed, outcomes-driven
research within the field.

In contrast, a red cluster points to a different orientation—one that foregrounds

. Terms like “ethics,” “academic
integrity,” “justice,” and “disaster” indicate a body of literature that draws from critical pedagogy,
moral education, and transformative frameworks. This cluster reflects attempts to move
beyond functionalist models of sustainability education, instead interrogating its normative
foundations and its potential to shape learners’ ethical and civic identities. These studies are
less concerned with behavior change per se and more focused on cultivating critical
consciousness and moral responsibility.

A large pink and blue area, dominated by terms like “intention,” “online learning,”
“TAM” (Technology Acceptance Model), and “mobile device,” signals the increasing attention
paid to digital learning platforms and technology-enhanced pedagogies. These clusters reflect
scholarship that evaluates the scalability, accessibility, and engagement potential of online and
blended learning modalities in sustainability education. The density of this region suggests
that the digitization of higher education is not merely a background condition but a primary
field of pedagogical experimentation and inquiry.

The orange and brown clusters on the map represent more specific thematic
directions. One focuses on environmental attitudes and affective learning outcomes, with
terms like “environmental care,” “attitude,” and “education disparity,” indicating interest in how
learners develop environmental values and how these intersect with issues of access and
equity. The other cluster is more design-oriented, with nodes such as “lesson plan,” “artifact,”
and “design thinking,” pointing to studies engaged in the development of instructional
strategies and educational materials.
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Taken together, the maps reveal a field that is both diverse and uneven. Certain
areas—particularly those related to digital learning, curriculum design, and behavioral
intention—are highly concentrated and well-connected, suggesting mature, well-established
lines of inquiry. Other regions, particularly those linked to ethics, decolonial perspectives, or
the integration of indigenous knowledge, appear more marginal and fragmented. This
asymmetry highlights the ongoing challenge of achieving a fully pluralistic, interdisciplinary
sustainability pedagogy that embraces multiple ways of knowing and learning.

Ultimately, the VOSviewer map offers a valuable snapshot of the intellectual terrain
currently shaping sustainability education in higher education. It validates many of the thematic
categories identified in this review—such as technology-mediated content, critical and
transformative pedagogies, and systems thinking—while also pointing to potential gaps and
opportunities for further exploration. By visualizing the conceptual interdependencies among
terms, the map reinforces the importance of relational, systems-based approaches not only in
what we teach, but in how we understand the evolving discourse itself.

Systematic review

Study characteristics

This systematic review draws on 195 peer-reviewed journal articles published
between 1990 and 2024, offering a comprehensive and global overview of the integration of
sustainability into higher education curricula. The temporal distribution of the studies in Figure
5 shows a clear trajectory of increasing interest over time, with the majority of contributions



emerging after 2010 and a particularly notable spike following 2018. This pattern reflects the
intensifying international focus on sustainability education, particularly in the wake of global
policy developments such as the United Nations’ Sustainable Development Goals. The
prominence of SDG 4.7, which emphasizes education for sustainable development and global
citizenship, is clearly mirrored in the scholarly landscape.
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The corpus of literature analyzed reveals a broad range of
(see Figure 6). form the largest category, comprising over
thirty percent of the sample. These articles typically apply quantitative or field-based data
collection methods to evaluate the implementation and outcomes of greening strategies in
academic settings. Another significant portion of the literature—approximately one quarter—

employs , combining qualitative and quantitative tools to provide
deeper insight into the effectiveness, challenges, and stakeholder perspectives involved in
curriculum transformation. also make up a considerable segment of the

dataset. These works often propose frameworks or models for understanding sustainability in
higher education, offering theoretical scaffolding for future empirical work. In addition,
, including ethnographic accounts, case studies, and reflective inquiries,
provide valuable context-rich narratives on institutional change, educator experiences, and
pedagogical practices. A smaller but important number of studies consist of

, psychometric validations, and case reports, indicating growing interest in evaluating
and standardizing sustainability education interventions.

The studies also vary considerably in their methodological orientation and data
sources. Many adopt case study methodologies, often centered on single institutions or
programs. These typically involve interviews with faculty, document analysis, and observations
of curriculum delivery. Others rely on survey data to assess student attitudes, measure
learning outcomes, or capture institutional capacity for sustainability. Action research and
participatory designs also appear frequently, particularly in contexts where educators and



students co-design and implement sustainability initiatives. Framework development is
another common theme, especially in studies that seek to align competencies, learning
outcomes, and assessment strategies with broader sustainability goals.

Figure 6

Research designs identified in the analyzed papers
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In terms of disciplinary coverage (see Figure 7), the reviewed literature highlights
the cross-cutting nature of sustainability education. While environmental science and
engineering are well-represented, a considerable number of studies emerge from fields not
traditionally associated with environmental concerns. Teacher education, for instance, is a
recurrent focus, often exploring the development of sustainability competencies in pre-service
training programs. Business, management, and social sciences also feature prominently, as
do interdisciplinary studies that span multiple faculties or address institutional-level strategies.
Notably, several studies adopt a cross-curricular or university-wide lens, investigating how
sustainability is embedded not only within academic programs but also through administrative
policies, governance structures, and campus operations.



Figure 7
Disciplinary coverage of the analyzed papers
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Although precise geographic information is not always uniformly reported, the
journals and author affiliations suggest that the selected studies represent a diverse range of
countries and educational contexts. Research from Europe, Asia, Africa, Latin America, and
North America contributes to a global perspective on curriculum greening, allowing for
comparative insights across different policy regimes, economic conditions, and cultural
settings. This diversity enriches the analysis by demonstrating both the universality of
sustainability challenges in education and the variety of localized responses.

Learning environments discussed in the literature range from traditional in-person
settings to online and hybrid formats. Especially since the COVID-19 pandemic, there has
been an uptick in studies examining digital tools and virtual learning environments used to
support sustainability education. These include the use of simulations, gamification, Al-
powered personalization tools, and remote collaborative platforms. In parallel, a number of
studies emphasize community-based learning environments, where partnerships with local
organizations and engagement with real-world sustainability challenges offer authentic, place-
based learning experiences.

The thematic aims of the studies reflect the complex and multifaceted nature of
curriculum greening. Many seek to explore the processes by which curricula are adapted to
include sustainability content, either through course redesign or the introduction of new
modules and programs. Others investigate the competencies that students develop as a result
of these changes, such as systems thinking, ethical reasoning, and environmental awareness.
Institutional dynamics are also a recurrent theme, with studies examining the role of
leadership, policy frameworks, and organizational culture in enabling or impeding
sustainability integration. In several cases, faculty attitudes and readiness for change are
foregrounded, revealing both enthusiasm and resistance within academic communities.
Importantly, a growing subset of the literature interrogates the philosophical and
epistemological assumptions underlying sustainability education itself, calling for more
inclusive, critical, and transformative approaches.



Analytic findings

To identify greening practices in higher education, each article was manually
reviewed and summarized in a structured synthesis table (the file is available on the OSF
platform), capturing variables such as publication metadata, disciplinary context, and
methodological orientation. Central to this process was the categorization of curriculum
strategies according to the UNESCO (2024) framework for greening education. Specifically,
the summaries were structured around three guiding dimensions of the framework:
curriculum content (what students learn), pedagogies (how they learn), and learning
environments (where and through what conditions learning occurs). This alignment ensured
that the review captured not just the presence of sustainability themes, but the pedagogical
and institutional mechanisms that support their integration.

Following the summarization process, a keywords co-occurrence map was
developed to identify the most recurrent terms and conceptual anchors in the “content-related
strategies” field across the dataset. The VOSviewer output (see Figure 8) presents a clustered
network of co-occurring terms derived from the full corpus of articles included in the review.
Each term is assigned to a spatial position, cluster number, and frequency, indicating both its
semantic proximity to other terms and its relative centrality within the field.

Figure 8
Keywords co-occurrence map*
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" Please note that this co-occurrence map is based on the summaries produced by the GreenUS
consortium, not on the titles and abstracts (as the one in Figure 6, hence the differences).
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From this visualization, we conducted a thematic translation exercise, in which

emergent concept clusters were interpreted and restructured into

: systems and critical thinking, sustainability competence
development, transformative or value-based content, applied and experiential sustainability,
local and indigenous knowledge, and technology-mediated content.

Cluster 1, for example, is dominated by terms such as /earning, competences,
knowledge, skills, teaching, learning outcomes, curriculum, and higher education. These high-
frequency and central concepts point clearly toward a competence-based approach to
sustainability education. They emphasize the formal structuring of sustainability knowledge
around measurable learning objectives and skill development, supporting our second thematic
category: .

Cluster 3 groups terms such as climate change, circular economy, environmental
education, ecology, family, resilience, and health. This grouping maps closely to curriculum
content that foregrounds ecological and systemic literacy. These terms have been interpreted
within the thematic frame of , particularly as they emphasize
interconnected systems, complex adaptive challenges, and planetary boundaries. In some
cases, the proximity of terms like resilience and family also hints at relational and affective
dimensions of learning, bridging into value-based education.

Another significant grouping, spanning Clusters 4 and 5, includes terms such as
transformative learning, values, ethics, justice, identity, and equity. These terms formed the
basis for our category. Articles contributing to this
cluster generally move beyond cognitive learning to address students' personal worldviews,
ethical reasoning, and socio-emotional development. The term education for sustainability
also appears here, supporting the notion that transformation is a core goal of sustainability
education rather than merely a methodological tool.

Clusters 6 and 9 contain a range of terms such as project, collaborative learning,
experiential learning, practice, and engagement. These reflect an emphasis on applied
pedagogies that embed learning in real-world or simulated contexts. They were consolidated
into the category. Such terms suggest pedagogical
models that rely on lived experience, problem-based learning, or direct engagement with
sustainability challenges.

The clusters also surface marginal but meaningful groupings, such as terms like
community, indigenous, local knowledge, and place-based education (found in clusters with
lower term frequency). These were synthesized into the
category. While not dominant in the frequency analysis, their appearance reflects growing
scholarly attention to epistemic diversity and context-sensitive approaches in sustainability
education.

Finally, Cluster 8 contains terms such as technology, digital tools, Al, media,
gamification, and online learning. These terms are thematically coherent and form the basis
for the category. Their presence across articles suggests
increasing experimentation with hybrid, remote, or digitally supported formats in delivering
sustainability content, even though they remain less conceptually central than other themes.

This analytical translation of the spatial and statistical structure of the VOSviewer
map into thematic categories ensured that the framework remained both textually grounded
and empirically robust. The resulting structure not only validated the six themes developed
through qualitative synthesis, but also highlighted important trends within the field—
particularly the dominance of competence-based and systems-oriented content. At the same
time, it revealed underrepresented areas such as indigenous knowledge systems and justice-
driven pedagogies, pointing to gaps in the current literature and opportunities for future
curriculum development.

The next section unfolds the greening practices related to the six thematic categories.



Findings: Curriculum Content Strategies in Sustainability Education

Systems and Critical Thinking

A broad spectrum of literature positions systems thinking as a cornerstone of
sustainability education. Within this body of work, systems thinking is not only treated as a
critical cognitive skill but also as a structuring principle for curriculum design, interdisciplinary
collaboration, and pedagogical innovation. The literature reflects a shift away from linear
knowledge transmission toward fostering in students an understanding of dynamic
relationships, causal feedback loops, and multi-scalar interactions across ecological,
economic, and social systems (see Figure 9).

[Curriculum DesignJ [Cognitive DevelopmentJ
[Imterdisciplinary Models] Feedback Loops
[Whole Institution Approach] [Dynami( Re\ationships]
Scenario Planning Future Literacy
[Pedagogical Practices) (Educator Preparation)
[Design-Based Learning] (Environmental Literacy|
Collaborative Inquiry Critical Thinking
[Writing-\ntensive Tasks] Teaching Uncertainty
[Cultural & Intercultural Learning] [Community Engagement]
Linguistic Diversity Participatory Mapping
Cultural Perspectives [Transdisciplinary Teams]
(Socio-emotional Learning) Dialogic Pedagogy

Source: Developed by the GreenUS consortium based on the keyword analysis

Several articles in the corpus frame systems thinking as essential to addressing
complexity in real-world sustainability challenges. Zainal Abidin et al. (2024), for instance,
implemented a design-based learning module in an engineering program, requiring students
to simulate urban ecological systems and reflect on interdependencies. This pedagogical
model strengthened students’ capacity to map feedback loops and identify leverage points for
sustainable intervention.

Beyond these explicit design interventions, other studies use systems thinking as a
pedagogical anchor in interdisciplinary contexts. In Chaname-Chira et al. (2024), for example,
critical thinking is embedded within a systems framework, asking students not only to analyze
problems but to interrogate the structural assumptions that shape sustainability discourse.
Powell et al. (2024) provide a university-level curriculum design model that conceptualizes
higher education institutions as experimental ecosystems, highlighting the need to embed
systems literacy across programs rather than confine it to isolated modules.



Fuller integration of systems thinking is also evident in approaches that combine
curricular content with interdisciplinary and intercultural pedagogies. In Zaghoul (2024), high-
impact educational practices (HIEPs) such as collaborative inquiry and writing-intensive
assignments are used to engage students in metacognitive reflection. The curriculum
encourages learners to understand sustainability not as a fixed domain of knowledge, but as
a field shaped by intersecting systems, epistemologies, and interests. Similarly, Presi et al.
(2024) underscore the importance of linguistic and cultural plurality in cultivating systems
awareness. Thus, students develop the ability to analyze sustainability issues from multiple
cultural and disciplinary perspectives, enhancing both analytical breadth and socio-emotional
learning.

In the field of teacher education, another study (Li & Sindhuphak, 2024) introduces a

in  which is integrated into
environmental literacy. The article emphasizes the preparation of future educators who can
equip students with the skills to engage critically with uncertainty, risk, and transformation.
This is echoed in Holdsworth & Thomas (2016), where a cross-disciplinary faculty
collaboration designs sustainability modules that focus explicitly on complex problem-solving
and scenario-based learning.

The significance of systems thinking is further reinforced by articles like Satalkina et
al. (2024), which describe the implementation of
that emphasize collaboration between students, academics, and community actors. In this
study, systems thinking is not limited to classroom exercises but is embedded in a broader
framework of participatory knowledge production. Students engage in mapping sustainability
challenges within their institutions and communities, co-developing responses that reflect both
scientific analysis and local realities. This dialogic process reflects the transformative ethos of
Freirean pedagogy and positions learners as agents within complex systems rather than
passive recipients of predefined content.

Across these studies, systems thinking is portrayed as a value-laden orientation
toward the world—an intellectual disposition that challenges reductionism and promotes
holistic, anticipatory reasoning. In many cases, systems thinking supports the integration of
other competencies, such as , , and .ltalso
serves as a gateway to interdisciplinarity, allowing sustainability education to transcend
disciplinary silos and engage with the messiness of real-world problems.

At the same time, the literature reveals variability in how deeply systems thinking is
embedded. While some studies, such as those by Zainal Abidin et al. (2024) and Powell et al.
(2024), position systems logic as foundational to curriculum architecture, others incorporate it
more instrumentally—as a conceptual tool to structure discrete classroom activities. This
variance points to an ongoing challenge in higher education: translating the aspirational
rhetoric of systems thinking into consistent pedagogical and institutional practice.

Nonetheless, the prominence of systems-related strategies across the reviewed
literature suggests that sustainability educators increasingly recognize the inadequacy of
linear, discipline-bound teaching models. Instead, they are turning to systems thinking to equip
learners with the cognitive flexibility, ethical grounding, and interdisciplinary fluency needed to
navigate the complex realities of sustainability transitions.

Sustainability Competence Development

Across the literature, has emerged as one of the
most widely adopted frameworks for embedding sustainability into higher education
curriculum. Rather than presenting sustainability as a static body of knowledge, these
approaches emphasize a set of dynamic, future-oriented competencies that prepare learners
to think critically, act responsibly, and collaborate effectively in the face of complex challenges
(Figure 10). Many programs draw from widely recognized models—such as UNESCO’s key



competencies for sustainability and the European Commission’s GreenComp (European
Commission. Joint Research Centre, 2022)—while others develop context-specific
frameworks aligned with institutional or disciplinary priorities.
One strong example is found in Anapey (2024), where an

was developed to operationalize green competencies across undergraduate programs.
This approach embedded sustainability competencies—such as systems thinking, value-
based decision-making, and civic responsibility—into both disciplinary and transdisciplinary
learning experiences. The curriculum structure emphasized alignment between learning
outcomes, teaching strategies, and assessment tools, ensuring that competencies were not
abstract principles but measurable dimensions of student development.

[Technical Competencies) [Transversal Competencies)
(Interdisciplinary Thinking]
[Sustainahility-Specific Competencies] [Personalized Learning Approaches]
[ Pedagogical Integration J { Soft Skills Development]
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Source: Developed by the GreenUS consortium based on the keyword analysis

Innovation in competence modeling also appears in Embarak & Hawarna (2023),
where the authors propose a “Theory of Maximization” that reconceptualizes sustainability
competencies as deeply integrated with pedagogical content knowledge. This model suggests
that true sustainability literacy requires not only domain-specific expertise but also the ability
to translate that knowledge into socially and ethically relevant action. Competencies such as
resilience, creativity, and ethical reasoning were infused into STEM-based courses through
real-world design challenges, scenario development, and critical reflection activities.

Another contribution comes from Nguyen et al. (2023), which presents a

developed for application in environmental engineering programs. The
model is structured around three core dimensions: technical competencies (e.g., life-cycle
analysis), transversal competencies (e.g., teamwork, communication), and sustainability-
specific competencies (e.g., climate justice, circular economy). These dimensions are
reflected in course content, project-based learning formats, and assessment criteria, offering



a multidimensional approach that bridges technical rigor with ethical and collaborative
capacities.

Some programs tailor competence development to institutional and student diversity.
Dehtjare and Uzule (2023) advocates for a personalized human resource management
approach to sustainability education. Rather than imposing a uniform set of competencies, the
curriculum supports individualized learning pathways using digital portfolios, flexible modules,
and self-assessment tools. This strategy allows learners to select and cultivate competencies
aligned with their academic goals and career trajectories, while still maintaining coherence
with institutional sustainability benchmarks.

Practical implementation also varies in terms of disciplinary integration. Maulana
(2023) describes a model in which stand-alone soft skill courses focused on sustainability—
such as negotiation, teamwork, and adaptive leadership—are embedded throughout the
academic year, regardless of students’ primary field of study. These competencies are
scaffolded progressively, moving from basic awareness to critical application, and are
assessed through case-based assignments and peer feedback.

While a strong consensus supports the value of competence-based education,
several studies acknowledge persistent challenges. These include ambiguities in defining
measurable outcomes, inconsistent training for faculty, and difficulties in translating generic
frameworks into discipline-specific content. Nevertheless, competence development remains
a powerful tool for aligning curriculum design with the long-term goals of sustainability
education. It offers a common language across institutions and disciplines while allowing
sufficient flexibility for contextual adaptation.

The reviewed studies consistently demonstrate that sustainability competencies are
not limited to technical know-how, but span cognitive, affective, and behavioral dimensions.
Programs that succeed in integrating these competencies provide students with more than
knowledge—they foster the capacity to act with intention, collaborate across boundaries, and
navigate uncertainty. In this way, competence-based education is not merely an instructional
trend but a transformative pathway for rethinking the purpose and practice of higher education
in the Anthropocene.

Transformative and Value-Based Content

A growing segment of the sustainability education literature emphasizes the
importance of , , and as foundational pillars of
curricular design. In contrast to content that focuses primarily on cognitive learning outcomes,
these approaches aim to shape learners’ worldviews, sense of responsibility, and capacity for
ethical reasoning. The inclusion of transformative and value-based content reflects an
educational philosophy grounded in critical pedagogy, futures thinking, and post-normal
science, where the focus is not only on knowledge acquisition but on inner change and societal
relevance.

A recurring theme is the in shifting student
identity and orientation toward sustainability. In Ashford et al. (2024), the authors describe a
university-wide effort to implement Education for Sustainable Development (ESD) through
transformative learning principles. The program incorporated ,

, and that prompted students to critically interrogate
their personal values, cultural assumptions, and roles as change agents. The results indicated
a marked increase in moral awareness and long-term motivation for sustainability action.

Marisa et al. (2024) present an innovative attempt to fuse artificial intelligence with
values-based education. Particularly, the curriculum design used Al-driven personalization
tools to support student reflection and self-evaluation, creating a feedback loop between
ethical learning objectives and personalized learning paths. Rather than reinforcing



technocratic approaches to sustainability, the program emphasized relational and emotional
intelligence, promoting agency and moral reasoning in technologically mediated contexts.

In Alshahrani (2023), a was developed that
integrated moral education, social responsibility, and cultural sensitivity into environmental
studies. The program emphasized intercultural communication, empathy-building exercises,
and exposure to global justice issues. Students were challenged to link sustainability with their
own positionalities and ethical beliefs, demonstrating significant growth in both personal and
collective efficacy.

also featured prominently in transformative
content strategies. Ameli (2022) describes a Nature and Outdoor Learning module that used
embodied experiences—such as land stewardship, storytelling, and ecological rituals—to
foster eco-literacy and spiritual engagement. Students reflected not only on sustainability
challenges but on their relationship with the non-human world, framing learning as both
cognitive and existential. The authors argue that transformative pedagogy must include
multisensory and affective dimensions, especially when addressing
and .

Another dimension of value-based learning appears in Ker & Van Gorp (2024), which
discusses the implementation of the “Independent Learning Pathway” model within a national
sustainability reform. In this context, students self-select values-based inquiry topics, co-
create learning goals with mentors, and produce public-facing sustainability narratives. The
project outcomes demonstrate enhanced agency, future orientation, and critical thinking,
reinforcing the potential of student-led learning for cultivating ethical engagement.
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Across these examples, is rarely treated as a supplemental
element. Rather, it is positioned as a central design principle, one that restructures the
relationship between teacher and learner, problem and solution, knowledge and action. These
approaches often invoke the work of Freire, Mezirow, or Sterling, emphasizing critical
consciousness and reflexive praxis. Importantly, they challenge the instrumental logic of



traditional curricula, arguing that sustainability education must engage the whole person—
intellectually, emotionally, ethically, and socially.
The reviewed literature also illustrates that

. It complements systems thinking by adding normative depth, and it supports
competence development by grounding action in values. However, implementation remains
uneven. While many programs articulate values-based goals, fewer offer robust assessment
tools or institutional strategies to support this work. Nonetheless, the inclusion of
transformative and value-based content represents a vital evolution in sustainability education:
one that aligns learning not only with knowledge systems, but with personal growth, civic
responsibility, and social change.

Applied and Experiential Sustainability

continues to be a central strategy in embedding sustainability
into higher education, enabling students to engage with complex sustainability problems in
authentic contexts. By connecting learning to real-world environments—through partnerships,
fieldwork, design challenges, or service-learning—these pedagogies allow students to move
from passive knowledge acquisition to active problem-solving, ethical reflection, and civic
participation. Across the literature, applied learning strategies appear not only as delivery tools
but as epistemological commitments to learning through doing.

A notable example from Yu (2024), where sustainability is integrated into business
modeling and entrepreneurship education through the lens of . In
this study, students were tasked with analyzing real patent databases, identifying emerging
green technologies, and applying them to sustainable business plans. The experiential
process included stakeholder simulations, peer negotiation, and iterative feedback. By
grounding sustainability in innovation ecosystems and entrepreneurial frameworks, the course
not only built business literacy but also reinforced the importance of aligning economic activity
with ecological and social constraints.

In Niemczyk (2022), applied sustainability education is embedded at the institutional
level through project-based learning linked to the Sustainable Development Goals (SDGs).
Students collaborated with municipal authorities to co-design interventions targeting local
environmental and social issues. These projects required both systems understanding and
interpersonal competence, emphasizing the intersection of technical and relational
knowledge. Assessment was based not only on project outcomes but on students’ reflection
journals and stakeholder feedback.

Palma & Pedrozo (2022) offer a distributed model in which applied learning modules
are deployed across disciplines. Students in economics, engineering, and literature all
participate in community-anchored projects tailored to their fields, such as environmental
accounting, sustainable design, or ecological storytelling. Despite disciplinary differences, the
common denominator is real-world application: each project is grounded in a partnership with
local actors, reinforcing the civic role of the university in sustainability transitions.

Several studies also demonstrate the power of

. In Ma (2023), a sustainable fashion course uses complex case
simulations to immerse students in ethically fraught decisions around supply chains, consumer
behavior, and waste management. Students role-played different stakeholders in the fashion
industry, balancing profitability with environmental justice and labor rights. This format
deepened their systems thinking, while simultaneously enhancing ethical reasoning and
negotiation skills.

Experiential models are not always confined to single courses. Volkova et al. (2019)
describes a semester-long sustainability challenge embedded across three faculties, where
transdisciplinary student teams addressed real briefs from NGOs and government agencies.
The structure supported iterative prototyping, community interaction, and public presentation.



Feedback from practitioners provided a professional-level test of students’ applied
competencies, and the process fostered skills in leadership, adaptability, and collaborative
design.

What emerges from these examples is a convergence around core

: immersion in authentic contexts, reflection as a driver of meaning-
making, and collaborative knowledge construction. These approaches are often grounded in
constructivist and humanistic pedagogies and intersect with the logic of civic engagement and
action-oriented learning.

Moreover, experiential sustainability learning does more than bridge theory and
practice—it reframes learning as transformation. Students are asked not only to understand
sustainability problems but to act within them, often negotiating uncertainty, institutional
constraints, and moral complexity. This pedagogical stance supports the development of
agency, resilience, and commitment to long-term social and ecological well-being.
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As higher education institutions evolve toward third mission roles—beyond teaching
and research to direct societal engagement—experiential sustainability strategies provide a
mechanism for fostering deep learning while also addressing community and environmental
needs. They transform the classroom into a laboratory for

Local and Indigenous Knowledge

Although less frequently represented in the sustainability education literature, the
integration of is emerging as a vital and
theoretically rich area of curriculum innovation. These approaches challenge dominant



Western epistemologies by introducing relational, place-based, and culturally grounded
understandings of sustainability (see Figure 13). Rather than treating indigenous knowledge
as supplementary or anecdotal, these programs often position it as a central epistemological
lens through which sustainability can be reimagined.

Several studies emphasize the importance of embedding eco-cultural relationships
into curricular content and learning environments. In Ricket (2021), a core curriculum in
environmental education was explicitly organized around the concepts of biophilia, ecological
identity, and kinship with non-human species. Students participated in ritualized land
engagement practices and reflective writing exercises, allowing them to explore their own
embeddedness within local ecosystems. These pedagogical strategies aimed to cultivate not
just knowledge, but a deeper emotional and ethical orientation toward the land.
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Urban contexts can also serve as meaningful spaces for integrating local
sustainability knowledge. MacKeen (2022) describes an urban gardening program
implemented within vocational training schools in underserved communities. While not
explicitly labeled as indigenous, the project leveraged intergenerational knowledge about food
production, soil health, and ecological stewardship, emphasizing and

. Students actively contributed to food sovereignty initiatives within their
neighborhoods, reinforcing the practical and cultural dimensions of sustainability education.

Even in contexts where local knowledge is not explicitly framed as “indigenous,” the
incorporation of can play a transformative role. In Eppinga et
al. (2020), a four-week curriculum module challenged students to engage with local
sustainability narratives through storytelling and community mapping. Participants were asked
to identify and analyze sustainability practices rooted in cultural memory, such as water
conservation rituals, seasonal migration patterns, or land-use customs. These stories were
then linked to contemporary sustainability challenges, creating a dialogic learning experience
that emphasized continuity, context, and ethical relevance.



The integration of local and indigenous knowledge also intersects with curriculum
design at the institutional level. Wooltorton (2004) documents a whole-school sustainability
initiative that embedded sustainability into the broader “school culture,” drawing heavily from
local values, customs, and vernacular ecological practices. The model was developed through
participatory co-design with teachers, families, and community leaders, ensuring that
curriculum reforms were rooted in local realities rather than imposed from external
frameworks.

Across these studies, a common thread is the rejection of universalized models of
sustainability education in favor of more situated, dialogical, and culturally respectful practices.
These approaches seek not only to diversify content but to pluralize the very foundations of
knowledge, acknowledging that sustainable futures cannot be built solely on Western scientific
rationalism. They also promote relational learning—understanding sustainability not as a set
of abstract competencies but as a deeply personal and collective commitment shaped by
history, geography, and culture.

Several articles acknowledge the tension between institutional demands for
standardized curricula and the inherently contextual nature of indigenous and local
knowledge. There are also concerns about , Where indigenous content is included
superficially without genuine community involvement or epistemic respect. Still, the examples
reviewed demonstrate that when meaningfully integrated, local and indigenous knowledge can
deepen students’ ecological awareness, foster intercultural dialogue, and inspire ethical,
place-based action.

As sustainability education continues to evolve, the inclusion of local and indigenous
frameworks offers a necessary corrective to technocratic and decontextualized approaches.
It invites learners to understand the land not just as an object of study but as a teacher and
relative—an epistemological shift essential for cultivating truly transformative sustainability
learning.

Technology-Mediated Content

The integration of , , and into
sustainability education is a rapidly evolving area of practice and research. While early
implementations of educational technology focused largely on access and scalability, more
recent developments emphasize interactivity, adaptive learning, and the simulation of complex
systems. Across the reviewed studies, technology is increasingly positioned as an essential
modality that can amplify experiential engagement, personalize content delivery, and support
reflective, systems-oriented learning.

Several contributions demonstrate how digital platforms are being used to structure
sustainability curricula in ways that align with both cognitive and affective learning goals. In
Taboada-Gonzéalez and Aguilar-Virgen (2024), for instance, a structured learning management
system was used to deliver sustainability knowledge while integrating embedded formative
assessments and real-time feedback. Students engaged in digital self-assessments, scenario-
based quizzes, and multimedia discussions that promoted systems thinking and strategic
planning competencies. The use of platform analytics also enabled instructors to tailor content
delivery and intervention strategies based on individual learner needs.

Vasudevan et al. (2024) introduces a model for sustainable online education in which
pedagogical design is driven by both sustainability principles and digital affordances. The
framework includes asynchronous video lectures, collaborative knowledge construction via
forums, and reflection journals submitted through digital portfolios. This blended structure
supports not only knowledge acquisition but deeper learner reflection and peer-to-peer
dialogue. Notably, the model also incorporates tied to sustainability
competencies, providing visible markers of achievement in areas such as ecological literacy,
systems analysis, and ethical reasoning.



Simulated and immersive environments are another growing trend in technology-
mediated learning. Buthelezi (2023) presents the Biomatrix Systems Thinking Model within a
digitally facilitated learning context, where students interact with dynamic systems maps and
decision-modeling tools. This approach is particularly effective for illustrating feedback loops,
trade-offs, and long-term consequences of sustainability-related decisions. The model
encourages students to test hypotheses and explore alternative future scenarios in a risk-free
environment, making abstract systems concepts more tangible.

Meanwhile, Strielkowski et al. (2024) document the integration of geographic
information systems (GIS) and interactive mapping tools in a sustainability-themed urban
planning course. Students collected spatial data on green infrastructure, pollution, and
housing equity, and then visualized their analyses using open-source mapping software. The
technology not only enabled complex, place-based inquiry but also allowed students to share
their findings with local stakeholders via web-based dashboards—bridging classroom learning
with public engagement.

These diverse technological approaches reveal a common pedagogical thread: the
use of digital tools to scaffold and deepen sustainability learning by enabling interactivity,
personalization, and systemic complexity. Technology-mediated learning environments often
support multimodal learning styles, allow for just-in-time feedback, and provide flexible
pathways for learners with diverse backgrounds or access needs. Moreover, they create new
possibilities for transdisciplinary exploration, such as combining environmental data with
sociocultural mapping or integrating gamified decision-making with ethical reasoning tasks.
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Despite the pedagogical benefits of digital integration, several limitations persist
within technology-mediated sustainability education. Issues such as digital fatigue, unequal
access to technological infrastructure, and insufficient faculty preparedness continue to hinder
widespread and equitable implementation. In response, contemporary frameworks are
increasingly prioritizing inclusive, learner-centered design principles, emphasizing the
development of low-bandwidth solutions and the adoption of open educational resources.
Additionally, growing attention is being paid to the ecological footprint of educational



technologies themselves, prompting critical reflection on the material, energy, and policy
dimensions of digital tool deployment in higher education.

Summary of Key Patterns

The synthesis of findings across the six thematic categories—systems and critical
thinking, sustainability competence development, transformative and value-based content,
applied and experiential learning, local and indigenous knowledge, and technology-mediated
content—reveals several converging trends and persistent tensions that define the current
landscape of sustainability curriculum design in higher education.

Afirst and highly salient pattern is the and

as the conceptual and operational backbone of sustainability education. Numerous
programs across disciplines—from engineering to teacher training—foreground systemic
reasoning and experiential strategies as essential to fostering learners' capacity to navigate
complex sustainability challenges. Systems thinking is not only positioned as a discrete skill
but as a pedagogical orientation that shapes curriculum architecture, interdisciplinary
collaboration, and institutional design. Similarly, applied and experiential approaches, such as
community-based projects, real-world design tasks, and scenario-based learning, reinforce
the shift from transmissive to transformative education. This action-oriented framing reflects a
broader trend in sustainability education: learners are increasingly expected not just to know
about sustainability, but to act within it, interrogate its contradictions, and co-create solutions.

Second, the widespread adoption of models marks
a maturing of the field. Frameworks such as UNESCQ’s key competencies for sustainability
and the European Commission’s GreenComp have provided a shared vocabulary for defining,
designing, and evaluating sustainability learning. Across the reviewed literature, competencies
are deployed not only to inform learning outcomes but to scaffold interdisciplinary integration,
support reflective assessment practices, and guide curricular reform. However, despite this
conceptual clarity, challenges persist in translating competencies into measurable, discipline-
specific instructional practices. Several studies note difficulties in aligning abstract
competencies—such as ethical reasoning or future thinking—with concrete learning activities
and assessments. There is also variation in institutional readiness to implement competence-
based models at scale, with many examples concentrated in pilot programs or isolated course-
level innovations.

A third pattern concerns the

—specifically local and indigenous knowledge
systems and digital technologies. While studies integrating indigenous or place-based
frameworks are fewer in number, those that do exist often offer deeply reflective and context-
sensitive approaches that challenge Eurocentric paradigms. These initiatives, grounded in
storytelling, land-based learning, or community co-teaching, point to the need for more
inclusive and pluralistic sustainability curricula. Similarly, the adoption of digital tools—ranging
from GIS and simulations to Al-enhanced learning platforms—is on the rise, but not yet fully
mainstreamed. Digital strategies are often confined to institution-specific innovations or
technology-forward departments, rather than being integrated systematically across the
curriculum. Moreover, sustainability concerns related to the use of digital technologies—such
as energy consumption, platform ethics, and digital literacy—are only beginning to be
addressed.

These patterns suggest that while sustainability education is undergoing significant
innovation, the field is still grappling with how to scale and institutionalize many of its most
promising practices. Future research and practice should focus on bridging these gaps by: (1)
embedding systems thinking and experiential pedagogies across the curriculum; (2)
operationalizing competence frameworks through actionable, discipline-specific guidance;
and (3) expanding institutional support for inclusive epistemologies and technology-enhanced



learning environments. Importantly, there remains a critical need to evaluate how these
content strategies impact long-term learning outcomes—such as learner agency, resilience,
and civic engagement—and how they contribute to the transformation of higher education into
a vehicle for sustainable futures.

Findings: Green Pedagogies for Sustainability Education

Experiential and Place-Based Pedagogies

Experiential and place-based pedagogies are among the most consistently cited and
practically implemented approaches in the literature on sustainability education in higher
education. These pedagogies emphasize active engagement with real-world sustainability
challenges through structured immersion, field-based inquiry, and community collaboration
(see Figure 15). Rooted in constructivist and humanistic educational theory, they aim to foster
both cognitive growth and affective engagement, positioning students not as passive
recipients of knowledge but as active participants in learning ecosystems.
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In Yu (2024), Kolb’s experiential learning cycle serves as the foundation for a
sustainability module integrated into an entrepreneurship curriculum. The course requires
students to explore green patent innovations and apply their findings to real-world business
modeling. Through stakeholder engagement, peer critique, and iterative project development,
learners develop critical competencies in systems navigation and sustainable innovation. This
example underscores the alignment of experiential learning with future-oriented sustainability
goals, particularly when innovation and application are tightly coupled.

Similarly, Xu (2024) describes a where blended learning is
supplemented by field-based projects. Students alternate between classroom engagement
and immersive local engagement, including site visits, environmental audits, and problem-



solving workshops with community stakeholders. The reflective cycle—linking experience to
ethical reasoning and decision-making—was seen as central to student development. The
course's success hinged not only on active participation but on students’ ability to narrate and
reinterpret their field experiences in light of sustainability frameworks.

In Zainal-Abidin et al. (2024), an engineering course integrates design-based
experiential modules focused on urban ecological planning. Students simulate environmental
interventions and test sustainability outcomes, thereby developing systemic reasoning
alongside technical design skills. Likewise, the paper by Ashford et al. (2024) incorporates
service-learning through partnerships with NGOs working on food justice and resource
distribution. Here, students are required to document, reflect, and present on their community
involvement, connecting lived experience with theoretical perspectives on equity and
ecological resilience.

—a subset of experiential pedagogy—adds another layer by
explicitly anchoring sustainability education in geographic and cultural contexts (Ciolan &
Manasia, 2024; Istance & Paniagua, 2019; Paniagua & Istance, 2018). It fosters students’
relational understanding of the places they inhabit or study, making sustainability tangible and
personally meaningful. While not always labeled as “place-based,” many reviewed articles
embedded location-specific case studies or invited learners to co-create solutions with local
stakeholders. These practices enable students to link
with , cultivating both agency and contextual sensitivity.

Across all reviewed articles, emerges as a pillar of experiential learning.
Whether in the form of learning journals, oral debriefs, or structured peer feedback, reflective
practice enables students to transform experience into insight. It supports ethical
development, helps surface assumptions, and encourages long-term internalization of
sustainability values.

Despite the strengths of these approaches, the literature also notes several

These include logistical issues such as faculty workload, partnership
maintenance, and equitable access to field opportunities. Moreover, there is often tension
between academic structures (which favor formal assessments and controlled settings) and
the open-ended, process-oriented nature of experiential learning. Addressing these tensions
requires institutional support, flexible curricular frameworks, and a recognition of community
partners as co-educators in the learning process.

Ultimately, experiential and place-based pedagogies provide fertile ground for
cultivating sustainability mindsets. These pedagogies blur the boundary between learning and
action, making sustainability a lived, relational, and transformative experience (Ciolan &
Manasia, 2024).

Critical and Transformative Pedagogies

Critical and transformative pedagogies represent a foundational pillar of sustainability
education, particularly in their capacity to foster , , and
(Figure 16). Drawing heavily from Freirean traditions of dialogic education and
critical consciousness, these pedagogical strategies aim to transform learners into reflective,
empowered participants in sustainability transitions. In these approaches, students are invited
to question dominant socio-ecological paradigms, engage in values clarification, and envision
alternative futures rooted in justice and collective responsibility.
Across the reviewed literature, a recurrent theme is the integration of
methods. In Presi et al. (2024), documentary-based learning is
used to immerse students in complex socio-environmental issues, prompting them to critically
analyze dominant narratives around sustainability. This pedagogical approach—anchored in
critical media literacy and reflective discussion—encourages learners to grapple with ethical



dilemmas and systemic inequities, thereby fostering what the authors frame as
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Suigmez and Ozansoy (2024) propose an , allowing
students to explore socio-environmental challenges through role-play and scenario building.
What distinguishes their approach is the embedded requirement for reflective journaling and
facilitated ethical inquiry. Students were not merely navigating digital spaces but were
prompted to reflect on privilege, marginality, and the social justice implications of sustainability
decisions, anchoring their experiences in broader structural critiques.

A more explicitly ethics-centered curriculum appears in Kopnina (2022), which
critiques mainstream sustainability discourse through the lens of posthumanism and biocentric
ethics. Students are exposed to competing value systems—anthropocentric, ecocentric, and
indigenous—and asked to apply these to case studies involving species extinction and
intergenerational justice. This dialogic framework fosters ethical pluralism and relational
accountability.

A related model appears in Chang and Nkansah (2024), where the authors
emphasize inclusiveness and as vehicles for sustainability. Their
pedagogy promotes dialogic engagement with diverse epistemologies, encouraging students
to consider sustainability not as a universal category but as contextually rooted in language,
culture, and identity politics. The classroom becomes a site for ethical clarification and
pluralistic meaning-making.

In addition, Zainal (2024) and Ashford et al. (2024) integrate reflective writing and
positionality analysis into . Students collaborated on community-
based sustainability projects, documenting not only the outcomes but also their own evolving
perspectives, biases, and ethical tensions. These exercises encouraged learners to examine



their roles critically and to engage with sustainability as an arena of contested values and
responsibilities.

Additionally, Chaname-Chira et al. (2024) link problem-based learning with evaluative
rubrics for critical thinking. In the systematic analysis they conducted, in several interventions,
students were asked to unpack the institutional, historical, and cultural systems that produce
ethical dilemmas. This scaffolding cultivates metacognitive skills alongside civic engagement,
positioning students as both analysts and agents of change.

Across these contributions, is central—not as a solitary cognitive activity
but as a social and discursive one. Whether through group debates, narrative essays, or ethics
circles, reflection becomes a bridge between personal awareness and collective responsibility.
The shared goal is to move beyond transmission models toward education as transformation:
an ongoing process of questioning, relating, and reimagining futures.

Systems and Interdisciplinary Pedagogies

One of the strongest trends in the reviewed literature is the deliberate integration of

into sustainability education.

These pedagogical strategies move beyond compartmentalized knowledge, encouraging

learners to analyze sustainability problems as complex, multi-scalar phenomena requiring
both analytical rigor and collaborative reasoning.

A compelling case is presented by Kurent and Avsec (2024), who implement a
systems-based learning framework supported by digital technologies. Their course design
combines systems thinking with flow theory, using feedback-rich environments to help
students simulate interconnections among social, economic, and ecological systems.
Learners explore causal dynamics and resilience through visual mapping and scenario
modeling tools, which both enhance conceptual understanding and promote learner
autonomy.

Similarly, Vincent and Focht (2011) present a well-established interdisciplinary
environmental education model, emphasizing * ” as a critical dimension of
curriculum design. Their work reflects a commitment to structural integration, where core
sustainability competencies—like systems literacy, anticipatory thinking, and problem-
solving—are scaffolded across disciplines. Students are encouraged to traverse knowledge
domains, moving fluidly between scientific, social, and ethical perspectives.

Holmberg et al. (2008) further highlight the institutional application of these
pedagogies through case studies at European technical universities. Their findings
demonstrate that collaboration between educators across departments, anchored in shared
sustainability goals, can foster curriculum coherence and pedagogical innovation. Tools like
life-cycle assessments and systems audits were used to engage students in problem-based
assignments involving real institutional sustainability data.

Another example is found in Zaghloul (2024), who frames sustainability learning
through High-Impact Educational Practices (HIEPs), using systems thinking as a transversal
competence. Students were immersed in projects where media, education policy, and
environmental ethics were linked, enabling them to visualize interdependencies using
systemic flowcharts and decision matrices. This approach reinforced metacognitive skills while
grounding learning in applied, real-world systems.

What unifies these models is their ontological stance: is viewed as

and . Systems thinking provides a methodological and
philosophical bridge that enables students to move from linear, siloed understandings of
sustainability toward complex, adaptive reasoning. Interdisciplinarity becomes more than a
curricular strategy—it becomes a way of knowing and navigating uncertainty (see Figure 17).



Core Methods Learning Tools

= Systems Thinking » Digital Simulations
+ Scenario Planning * Flow Diagrams
+ Causal Mapping » Life Cycle Assessment
[Interdisciplinary Anchors] [Competencies Targeted]
* Social-Ecological Integration « Complexity Navigation
= Ethics & Policy « Anticipatory Thinking
* STEM-Humanities Fusion « Collaborative Problem-Solving

(Institutional Models}

* Cross-Faculty Curricula
* Real-World Projects

= Interdepartmental Collahoration

Source: Developed by the GreenUS consortium based on keyword analysis

These pedagogies also serve a democratic purpose. By modeling open-ended
inquiry and collaborative knowledge construction, they prepare students to work across
disciplinary and cultural boundaries. In turn, learners are better equipped to engage in
participatory sustainability governance, stakeholder dialogues, and future-oriented planning.

However, several barriers to adoption persist. Studies highlight challenges such as
curriculum rigidity, lack of faculty training, and the epistemological discomfort that
interdisciplinary teaching can provoke. Nonetheless, as institutions seek to cultivate
sustainability competencies in increasingly diverse student populations, the integration of
systems thinking and interdisciplinary design remains one of the most promising pathways
forward.

Digital and Technology-Enhanced Pedagogies

Digital and technology-mediated pedagogies are becoming increasingly prominent in
sustainability education, offering innovative ways to personalize learning, simulate complex
systems, and engage learners across geographic and disciplinary boundaries (Figure 18).
These pedagogies encompass blended and hybrid formats, online learning platforms, Al-
driven personalization, immersive virtual environments, and game-based simulations.
Together, they support differentiated instruction and interactivity, enabling sustainability
education to adapt to diverse learner needs and institutional settings.
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A notable example of structured digital implementation is presented by Taboada-
Gonzalez and Aguilar-Virgen (2024), who employed a learning management system (LMS) to
deliver sustainability content while embedding formative assessments, discussion forums, and
feedback loops. The LMS allowed students to engage in scenario-based learning while
instructors used data analytics to personalize support and scaffold cognitive development.
Similarly, Vasudevan et al. (2024) developed a sustainability-focused online course structure
that integrated video lectures, peer reflection tasks, and digital portfolios, with achievement
tracked via competency-based digital badges.

Simulated and immersive tools are also being employed to convey systems
thinking and long-term planning. Buthelezi (2023) introduced the Biomatrix Systems Thinking
Model through an interactive online platform, allowing students to engage with decision-
making tools and explore trade-offs in sustainability scenarios. This technology-rich
environment supported hypothesis testing, scenario planning, and feedback analysis,
promoting dynamic understanding of sustainability interdependencies.

Moreover, digital tools are increasingly used to support place-based learning.
Strielkowski et al. (2024) documented the integration of GIS platforms in an urban planning
course where students mapped sustainability indicators such as air quality, waste
infrastructure, and housing density. Their outputs were published on web dashboards
accessible to community partners, exemplifying the pedagogical value of digital-public
interfaces in sustainability education.

In terms of emerging technologies, recent research articles have explored the
potential of metaverse environments, artificial intelligence, and gamified platforms. Bobko et
al. (2024) proposed the Edu-Metaverse as a scalable ecosystem for immersive sustainability
education, offering learners virtual environments to experiment with sustainability scenarios



and interact with Al agents that guide ethical reasoning and strategic reflection. Meanwhile,
Cernicova-Buca and Ciurel (2022) designed a game-based learning module to develop media
literacy and critical thinking around sustainability issues, including disinformation and
behavioral nudging.

Despite these innovations, significant barriers persist. Numerous studies report
issues related to digital fatigue, uneven technological infrastructure, and faculty preparedness.
Inclusivity remains a major concern, particularly in under-resourced contexts where bandwidth
and device access are limited. Nusraningrum et al. (2024), for example, call for sustainable e-
learning designs that incorporate green management practices and support environmentally
responsible digital use.

There is also growing awareness of the ecological implications of digital learning
itself. As highlighted in recent literature, the material footprint of educational technologies—
including data storage, device production, and energy use—requires sustainability educators
to reflect critically on the infrastructures that underpin digital pedagogies. This ethical
dimension complicates the view of technology as a purely enabling force, urging a more
nuanced integration aligned with environmental values and justice.

Collaborative and Co-Constructive Pedagogies

and represent a distinct strand in
sustainability education that prioritizes mutual learning, dialogic engagement, and shared
ownership of knowledge creation. These approaches challenge traditional transmission
models by repositioning learners as active participants—rather than passive recipients—in the
educational process. The emphasis on collaboration not only fosters social and emotional
skills such as empathy, negotiation, and team coordination, but also reflects a pedagogical
commitment to democratic learning and epistemic plurality.

A strong example of this paradigm is found in Ciolan and Manasia (2024), who
examine how participatory visual methods such as photovoice can be used to co-create
sustainability narratives within higher education. Students collaboratively constructed meaning
around sustainability challenges by collecting, sharing, and interpreting visual data in peer
groups. The process, as the authors argue, enabled learners to integrate personal
perspectives with broader systemic understandings while developing soft skills like reflection,
public speaking, and ethical reasoning.

Similarly, Dehtjare and Uzule (2023) highlight how co-design processes can
strengthen academic communities. In their study, sustainability themes were integrated into
institutional human resource practices, with teaching staff and students co-constructing
pedagogical priorities through roundtable discussions and feedback loops. The resulting
curriculum placed equal weight on affective and cognitive learning outcomes, indicating that
collaboration extends beyond the classroom and into the institutional ethos itself.

Other studies emphasize community-anchored collaboration. For instance, Eppinga
et al. (2020) describe a sustainability initiative at a Caribbean university where students
engaged directly with campus operations—such as waste auditing and biodiversity mapping—
through stakeholder partnerships. These projects were not merely internships; they were co-
learning environments where faculty, students, and administrative staff iteratively designed
and evaluated sustainability actions. Such integrative designs blur the line between academic
and operational domains, reinforcing the principle that universities can function as living
laboratories for sustainability transitions.

Furthermore, Palma and Pedrozo (2022) present a distributed learning model where
students from different disciplines participate in co-designed community projects ranging from

in literature to :
Collaboration here operates at multiple levels—across disciplines, between students and



community members, and between learners and instructors—demonstrating the multiplicity of
“co-" relationships within sustainability education.
Another key dimension of collaborative pedagogies is

Chaname-Chira et al. (2024) developed a curriculum module that fosters critical thmkmg
through structured group discussions and peer-review processes. In this model, students
assess each other’s arguments, offer feedback, and refine their positions on sustainability
dilemmas. Such peer engagement promotes intellectual humility, rhetorical clarity, and
consensus-building—skills essential for participatory governance and deliberative democracy
in sustainability contexts.

{Collaborative Formatsj (Co-Design Elementsj
= Peer Dialogue « Student-Instructor Co-Creation
* Team-Based Learning * Community Input
* Interdisciplinary Projects * Scenario Development
(Stakeholder Engagement] [Skill Development)
* NGO Partnerships » Negotiation
« Campus Operations * Ethical Reasoning
+ Policy Simulations + Public Speaking

+ Consensus Building

(Pedagogical FoundationsJ

* Democratic Learning
» Dialogic Practice

« Mutual Accountability

Source: Developed by the GreenUS consortium based on the keywords analysis

Furthermore, the use of has become increasingly common
as a way to simulate the complexity of sustainability policymaking. In Niemczyk (2022),
students took on roles in simulated stakeholder dialogues to resolve real-world SDG-related
problems. The co-constructive element was not limited to interaction; students were also
involved in designing the scenarios, selecting the cases, and determining success criteria.
This iterative, participatory approach reinforced both systems understanding and procedural
agency.

Collaborative pedagogies also face challenges. They are often time-intensive,
requiring skilled facilitation, flexible assessment models, and a culture of trust and openness.
Moreover, group dynamics can produce uneven participation if not carefully scaffolded.
Nonetheless, as these examples illustrate, the value of co-constructive learning lies in its
capacity to reflect the very essence of sustainability itself: collective responsibility, plurality of
perspectives, and shared action.



Summary of Key Patterns

The analysis of the green pedagogies in sustainability education reveals several
consistent patterns across the literature. A primary observation is the shift away from
traditional, lecture-based instruction toward more student-centered and participatory models.
Experiential and place-based pedagogies are frequently applied, enabling students to engage
with sustainability challenges in real-world contexts. These approaches support the
development of applied knowledge, ethical reasoning, and reflection, and are often grounded
in constructivist theories of learning.

A second pattern involves the use of critical and transformative pedagogies. These
emphasize the development of students’ capacity to question assumptions, understand power
dynamics, and reflect on values. Rather than focusing solely on content delivery, these
approaches aim to foster civic agency and ethical engagement. In many cases, reflection is
used not only as a tool for learning but also as a way to support personal and social
awareness.

The review also identifies a growing interest in systems and interdisciplinary
pedagogies. These strategies promote understanding of complexity by encouraging students
to work across disciplinary boundaries and consider interdependencies within social and
ecological systems. Techniques such as scenario planning, systems mapping, and causal
analysis are often used to help students grasp the interconnected nature of sustainability
issues.

Technology-enhanced learning appears as another area of development. Digital
platforms, simulations, and online collaborative tools are used to widen access and offer
interactive learning experiences. However, the literature also notes challenges related to
equity, digital fatigue, and the environmental impact of educational technologies themselves.
These concerns suggest the need for more careful consideration of the design and
implementation of digital pedagogies in sustainability contexts.

Collaborative and co-constructive pedagogies are also widely discussed. These
emphasize group learning, peer engagement, and cooperation with community actors.
Students often participate in group projects, simulations, or community-based learning,
developing skills such as negotiation, communication, and shared problem-solving. Such
approaches aim to reflect the collective nature of sustainability challenges and the need for
cooperation in addressing them.

Across all pedagogical categories, reflection plays a central role. It is used to link
theory and practice, support ethical awareness, and encourage students to examine their
assumptions and learning processes. Despite the progress described in the literature, several
barriers remain, including limited institutional support, time constraints, and a lack of training
for faculty.

Findings: Learning Environments

Community-Engaged and Place-Based Learning Environments

One of the most compelling developments in sustainability education is the growing
reliance on and . These
pedagogical spaces seek to dissolve the conventional boundary between academic
knowledge and civic life by embedding students in local sustainability contexts. Whether
through service-learning, urban audits, municipal collaboration, or field-based ecological
inquiry, these environments frame sustainability not merely as a topic of intellectual inquiry,
but as a lived, negotiated, and relational challenge.

A notable contribution comes from Yu (2024), who integrates Kolb’s experiential
learning cycle into an entrepreneurship curriculum centered on green patent innovation.



Sustainability becomes tangible through student-led projects involving stakeholder simulations
and community-driven feedback loops. These pedagogical interventions not only fostered
critical systems competencies but also helped students navigate the tensions between
innovation, equity, and environmental limits.

Similarly, Xu et al. (2024) designed a hybrid format that blended classroom instruction
with site-based engagement in sustainability challenges, including environmental audits and
local problem-solving workshops. These engagements enabled students to reinterpret
abstract sustainability principles through the lens of local ecological realities. Reflection
journals and ethical mapping exercises were essential components, reinforcing the personal
and contextual dimensions of place-based learning.

In addition, Ashford et al. (2024) presents a case where partnerships with NGOs
working in food justice were central to course design. Students engaged in resource
distribution networks, conducted needs assessments, and contributed to logistical planning—
all while maintaining structured reflection logs that connected these practices to broader
themes of sustainability and justice. These projects illustrate how service learning, when
embedded in equitable community partnerships, becomes a mechanism for systemic literacy
and civic development.

Furthermore, the institutional learning environment at Ural Federal University, reported
by Volkova et al. (2019), incorporated semester-long challenges co-developed with local
NGOs and government entities. Students worked in transdisciplinary teams to address
sustainability briefs through prototyping, stakeholder negotiation, and public dissemination.
The real-world stakes and community presence gave these projects not only academic depth,
but also social legitimacy and long-term relevance.

Place-based pedagogies are not only defined by geography but by epistemology. In
these environments, knowledge is understood as co-created and situated, rather than as a
universal abstraction (see Figure 20). This ontological shift positions students as both learners
and contributors, capable of generating insights that are grounded in ecological intimacy and
social responsibility.

However, some limitations have been reported. Several studies caution against
assuming that experiential and community-embedded practices are universally accessible.
Institutional structures often struggle to accommodate the logistical demands of field-based
work, while partnerships require long-term cultivation and trust. Moreover, there is risk of
instrumentalizing communities as “learning laboratories” unless ethical protocols and
reciprocity frameworks are explicitly integrated.

However, the evidence across the reviewed literature confirms that community-
engaged and place-based environments provide rich terrain for cultivating sustainability
mindsets. They activate personal relevance, civic responsibility, and systems awareness,
fostering learners who are prepared to “understand” sustainability and equipped to live it—
with humility, creativity, and critical reflexivity.
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Digital, Virtual, and Hybrid Learning Environments

Digital and hybrid learning environments are becoming indispensable components of
contemporary sustainability education, offering not only practical solutions for access and
flexibility but also new ways of conceptualizing how sustainability knowledge is constructed,
disseminated, and applied. These pedagogical spaces are increasingly mediated by learning
technologies, from learning management systems (LMS) and asynchronous video platforms
to virtual reality (VR), gamification, and artificial intelligence (Al) applications. In these
environments, technology is not merely a delivery tool—it is integral to how learners
experience complexity, build sustainability competencies, and engage with global and local
challenges.

Arange of empirical studies demonstrates the value of blended and online modalities
in creating inclusive and interactive sustainability curricula. Taboada-Gonzalez and Aguilar-
Virgen (2024) designed a digitally structured sustainability course delivered through an LMS
platform that supported formative feedback, peer discussion, and scenario-based learning. By
combining system analytics with adaptive scaffolding, the course allowed for personalized
instruction based on learners’ engagement and progress, thereby reinforcing cognitive and
metacognitive growth.

Similarly, Vasudevanet al. (2024) offer a model for sustainability learning grounded in
asynchronous and hybrid learning. The program integrated modular video lectures,
collaborative forums, and digital portfolio assignments aligned with predefined competencies.
The use of digital badges to signal learning outcomes in ecological literacy, ethical reasoning,
and systems mapping illustrates a growing trend toward outcome-based digital credentialing
in sustainability education.

More immersive technologies also play a vital role in enhancing systems
understanding. In Buthelezi (2023), students interacted with a dynamic web-based version of
the Biomatrix Systems Thinking Model. They constructed decision paths and ran simulations



of policy outcomes in hypothetical sustainability scenarios, thus practicing hypothesis testing
and long-term reasoning in a risk-free digital environment.

Strielkowski et al. (2024) further illustrate how geospatial technologies can be
integrated into sustainability pedagogy. Using GIS platforms in an urban planning course,
students conducted air quality and infrastructure audits, then translated their findings into
open-source visualizations accessible to municipal partners. These tools not only supported
place-based inquiry but also created channels for civic engagement through data sharing.

The review also reveals consistent attention to the social justice dimensions of digital
education. Nusraningrum et al. (2024) raise concerns about digital inequality, particularly in
under-resourced institutions where bandwidth, devices, and digital literacy are lacking. Their
work calls for sustainable instructional design principles—such as low-bandwidth delivery,
mobile accessibility, and open educational resources—as vital components of equitable digital
sustainability education.

[Modes of Delivery] Digital Tools

* Blended Courses * LMS Platforms
» Asynchronous Learning « Al Tutors
* Hybrid Modules « VR Simulations
* GIS Mapping
(Pedagogical Functions} [Equity & Accessibility]
= Systems Modeling » Low-Bandwidth Design
« Scenario Planning * Mobile Access
* Competency Badging * Open Resources

[ Emerging Issues ]

« Digital Fatigue
* Ecological Footprint

« Faculty Preparedness

Source: Developed by the GreenUS consortium based on the keywords analysis

Crucially, digital learning environments have their own ecological footprints, a tension
increasingly discussed in the literature. The infrastructure behind e-learning—from server
storage and device manufacture to energy consumption—raises questions about whether
sustainability education delivered through unsustainable digital practices might undermine its
own goals. These critical reflections are shaping a more nuanced pedagogy—one that also
interrogates technology.

Despite challenges related to faculty preparedness and pedagogical continuity, digital
and hybrid environments are transforming the landscape of sustainability learning. They offer
scalable and adaptive pathways for interdisciplinary knowledge integration, collaborative
inquiry, and real-time systems modeling. When embedded within thoughtfully designed



curricula, these environments can reinforce learner agency, cognitive flexibility, and future-
oriented thinking—all crucial elements of education for sustainability in the digital age.

Campus-as-Laboratory and Institutional Learning Spaces

The growing commitment of higher education institutions to sustainability is not only
reflected in formal curriculum but also in the into a living
laboratory. This model reconceptualizes university operations as educational resources,
where the physical infrastructure, administrative practices, and sustainability initiatives
become tools for experiential and inquiry-based learning.

The literature reveals a variety of approaches to campus-as-lab learning
environment. In one compelling example, Eppinga et al. (2020) document a Caribbean
university’s integration of applied research projects directly into campus operations. Students
from various disciplines were involved in biodiversity mapping, energy audits, and waste
stream assessments, with their findings feeding directly into institutional planning. This not
only enhanced student engagement and systems thinking but also ensured that campus
sustainability strategies were informed by empirical, student-led research.

Similarly, Holmberg et al. (2008) present case studies from three European technical
universities where interdisciplinary teams of students and staff collaborated to embed
sustainability principles into engineering and infrastructure curricula. These collaborations
extended beyond classroom instruction to include participation in the design of green
buildings, transportation systems, and energy-use frameworks. The studies highlight how
embedding sustainability into the operations of the university fosters real-world, cross-
disciplinary problem-solving and helps close the loop between learning and implementation.

The
is also emerging as a pedagogical scaffold. Maragakis and Van Den Dobbelsteen (2017)
demonstrate how this framework can serve not just as an institutional benchmarking tool, but
as a student learning mechanism. By involving students in collecting and interpreting
sustainability data related to food systems, water use, and carbon emissions, STARS
becomes a structured entry point for inquiry-based learning that aligns with both academic
and institutional sustainability goals.

Another powerful example of this integrated model comes from Gilroy-Scott, Chilton,
and Goodhew (2013), who analyze the Wales Institute for Sustainable Education as a case of
whole-institution sustainability. The physical construction of the building was used as an
educational tool, with students participating in lifecycle assessments and material sourcing
decisions. This design-build approach provides rich opportunities for metacognitive learning,
as students reflect on the embodied carbon implications and social ethics of their choices.

Dzelzkaleja and Sen (2018) focus on curriculum integration through the use of
institutional spaces like libraries, cafeterias, and maintenance services. Students are
encouraged to analyze these everyday settings through a sustainability lens and propose
evidence-based interventions. These activities are structured through semester-long action
research projects, linking curriculum content to campus needs and fostering both technical
competence and civic responsibility.

Despite these innovations, barriers persist. Many institutions struggle to
institutionalize such models due to siloed operations, budget constraints, or lack of alignment
between academic and faciliies management. Faculty buy-in, time investment, and
administrative coordination are critical success factors. Furthermore, while these initiatives
often generate high-impact learning outcomes, their scalability and replicability across diverse
institutional contexts remain uncertain.

Nonetheless, as the boundary between classroom and campus blurs, the campus-
as-lab model presents a promising pathway for embedding sustainability into the lived



experience of students. It supports the development of competences in real-world systems
and fosters a culture of inquiry, accountability, and innovation.

Figure 22
Key characteristics as the campus-as-laboratory and institutional learning spaces
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Multisensory, Outdoor, and Embodied Learning Spaces

The incorporation of multisensory, outdoor, and embodied experiences into
sustainability education reflects a growing awareness of the affective, physical, and relational
dimensions of learning. This subcategory emerges in the literature as a counterpoint to the
disembodied, abstract forms of instruction that have historically dominated higher education.
Instead of focusing solely on cognitive assimilation, these approaches aim to re-engage the
body, the senses, and the emotional self in the educational process, fostering deeper
ecological empathy and sustainability consciousness.

One example is found in the work of Ameli (2022), who analyzes a Nature and
Outdoor Learning module in higher education through the lens of multispecies ethnography.
The course featured immersive experiences such as storytelling circles, ecological rituals,
and land stewardship practices designed to cultivate students’ sensory engagement with the
non-human world. The pedagogical goal was to transform learners’ ontological orientation—
to enable them to perceive themselves as part of complex ecological relationships rather than
external observers of environmental systems.

Similarly, the program described by Ker & Van Gorp (2024) integrates embodied and
reflective elements within a student-led sustainability initiative. Students designed
personalized inquiry paths centered on sustainability values, and these paths included outdoor
observation, artistic expression, and guided contemplative walks as methods for investigating



ecological ethics. The results indicated increased self-awareness, future-oriented thinking,
and a broadened understanding of sustainability as a lived, moral commitment.

Place-based and embodied learning practices also intersect with emerging interests
in ecological grief, resilience, and planetary health. In courses discussed by Ricket (2021)
and cited across several case studies, students engaged in “eco-rituals” such as seasonal
ceremonies, gratitude meditations, and reflective field journaling to process feelings of loss
and anxiety associated with environmental decline. These emotional and spiritual registers
are rarely addressed in conventional sustainability curricula, yet they are essential for
cultivating what many authors refer to as “sustainability mindsets” or “relational literacies”.

While such pedagogies often take place in forests, gardens, or open urban spaces,
they also rely on well-crafted facilitation and curriculum design. Despite their rich potential,
these pedagogies face practical challenges, including access to green spaces, institutional
skepticism, and the dominance of standardized assessments that undervalue affective and
experiential learning. Nonetheless, the reviewed literature strongly supports their
transformative potential. By activating bodily perception, emotional reflection, and ecological
imagination, these approaches engage the whole learner. They create conditions for students
to move beyond detached environmental concern and into embodied responsibility, empathy,
and long-term engagement with sustainability.
Figure 23
Key characteristics of the Multisensory, outdoor, and embodies learning spaces
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These learning environments are pedagogically radical in their redefinition of what it
means to learn—and to be—in the Anthropocene. They invite educators and learners alike to
listen, feel, and act with integrity in a world that is complex, interdependent, and imperiled.

Summary of key findings

The analysis of learning environments within sustainability education highlights a
clear progression toward diversified, embedded, and contextually responsive spaces of
learning. Across the reviewed literature, four prominent and often overlapping types of



environments emerge: and ,
: , and
. Each of these reflects a broader pedagogical shift—away from
compartmentalized instruction and toward more integrated, reflective, and relational
approaches to education.
are particularly
prominent, offering students the opportunity to interact with sustainability issues in real-world,
often local, contexts. These settings promote experiential learning through partnerships with
municipalities, NGOs, and community groups. Such environments do more than enhance
cognitive skills; they foster civic engagement, systems literacy, and social accountability.
Studies illustrate how sustainability becomes meaningful when students are asked to address
complex challenges that affect their own communities. However, challenges persist in
ensuring access, sustaining equitable partnerships, and aligning institutional structures with
the demands of field-based education.
are equally relevant, reflecting the
growing integration of technology in higher education. These platforms offer flexibility,
scalability, and opportunities for personalized and interactive learning. From gamified systems
thinking modules to GIS-based environmental audits, digital tools are used to simulate real-
world complexity and support the acquisition of diverse competencies. Nevertheless, concerns
about digital equity, infrastructure limitations, and the environmental impact of e-learning
systems raise important questions about the sustainability of sustainability education itself.
The literature calls for more critical engagement with the ethical and ecological dimensions of
digital pedagogy.

The reflects a structural innovation in how institutions
approach learning. Here, university infrastructure—its buildings, operations, and
governance—becomes a site for applied learning. This approach aligns institutional
sustainability commitments with pedagogy, allowing students to engage with material
sustainability practices and data in situ. The review identifies multiple examples where
students contribute to waste audits, energy planning, or campus greening strategies, often
within interdisciplinary teams. However, these approaches require significant coordination
between academic and operational units, and their scalability remains limited by
organizational complexity and resource constraints.

offer a distinct
contribution by engaging learners through affective, physical, and reflective experiences.
These pedagogies challenge traditional cognitive hierarchies and reintroduce the role of
emotion, perception, and embodied presence in learning. Whether through nature-based
rituals, contemplative walks, or ecological journaling, such practices foster empathy,
ecological sensitivity, and moral imagination. While less prevalent, they are increasingly
recognized as important counterpoints to digitally mediated and assessment-heavy models of
education. Their success, however, depends heavily on intentional design, facilitator
expertise, and institutional openness to non-standard learning methods.

The reviewed literature suggests that learning environments in sustainability
education are becoming more participatory, situated, and relational. They increasingly
recognize students not just as learners but as contributors to sustainability transformations—
within institutions, communities, and ecosystems. The shift in focus from abstract knowledge
to lived, embodied, and socially embedded learning reflects a broader understanding of
education as a relational and ethical practice. While the operationalization of such
environments faces practical and institutional barriers, their pedagogical value lies in their
capacity to connect knowledge with responsibility, reflection with action, and individual learning
with collective futures.



Discussion and implications

This study set out to systematically examine how greening practices are integrated
into higher education by analyzing 195 peer-reviewed articles from Web of Science and
Scopus. The review was guided by three research questions:

(1) What types of content are being integrated into sustainability education across
higher education contexts?

(2) What pedagogical models are used to support the greening of higher education
teaching and learning?

(3) In what kinds of learning environments does sustainability education take place,
and how do these settings shape student engagement and learning outcomes?

The findings of this systematic literature review reflect the increasing diversification
and sophistication of strategies used to green higher education curriculum. They underscore
a broad movement from content-centric approaches to pedagogical and institutional
transformations that engage students, faculty, and external partners in new configurations of
sustainability learning. This section synthesizes the key insights emerging from the review and
situates them in relation to broader debates within the field, offering implications for higher
education policy, practice, and research.

One of the central observations across the reviewed literature is the growing
consensus around the centrality of systems thinking and interdisciplinary approaches in
sustainability education. This aligns with earlier work by Sterling (2010) and Barth et al. (2014),
who emphasized that linear, discipline-bound forms of teaching are ill-equipped to prepare
learners for the complexities of sustainability challenges. Instead, the emphasis is increasingly
on pedagogical frameworks that foster integrative reasoning, cross-sector collaboration, and
the ability to engage with uncertainty and complexity. This has led to a proliferation of
curriculum models that embed causal loop analysis, scenario planning, and feedback mapping
into both disciplinary and transdisciplinary settings. These findings also resonate with recent
UNESCO (2024) guidance that frames systems thinking as a transversal competency for
climate-responsive education.

Alongside systems thinking, competence-based education has gained substantial
traction as a framework for curriculum design. However, while frameworks such as UNESCO’s
key competencies for sustainability and the EU’s GreenComp provide a robust conceptual
foundation (European Commission JRC, 2022), many institutions struggle with
operationalization. This gap confirms earlier critiques (Redman et al., 2021) that competencies
risk remaining rhetorical unless accompanied by clear instructional and institutional
scaffolding.

A significant contribution of this review is its documentation of how transformative
and value-based pedagogies are being used to cultivate ethical awareness and civic agency.
Many studies move beyond cognitive approaches to sustainability and engage with students’
affective and moral development through critical pedagogy, narrative practices, and reflective
inquiry. These findings build on foundational work by Mezirow (Mezirow, 1997; Mezirow &
Taylor, 2009) and Freire (2000), affirming that education for sustainability must include
opportunities for students to explore their values, identities, and responsibilities within
planetary systems. Recent contributions in posthumanist and indigenous scholarship
(Kopnina, 2022) further reinforce the need for pluralistic, relational approaches to sustainability
education—approaches that acknowledge not only interdependence among people, but also
between people and non-human entities.

Experiential and place-based learning emerged as a dominant strategy across
disciplines, supporting calls from Gruenewald (2003) to reconnect learning with local ecologies
and civic life. These pedagogies bridge the gap between theory and practice by immersing
students in real-world sustainability challenges and fostering situated, embodied knowledge.



Importantly, the review highlights that such practices often require significant institutional
investment—in faculty training, community partnerships, and curricular flexibility. Where these
investments are lacking, experiential learning risks being reduced to tokenistic or
extracurricular activities.

The review also reveals uneven adoption of local and indigenous knowledge
systems in higher education. While there is a clear trend toward acknowledging the epistemic
value of these traditions, their integration into curricula remains limited and often fragmented.
This mirrors findings from global reports such as the IPBES (2019) Global Assessment, which
emphasized the importance of indigenous and local knowledge in fostering biodiversity
conservation and sustainability resilience. In higher education, this requires more than content
inclusion—it demands co-design processes, community engagement, and a shift in
institutional epistemologies (Anderson, 2025; Whyte, 2013). Without such shifts, there is a risk
that indigenous knowledge becomes appropriated rather than respected.

Digital and technology-enhanced pedagogies were shown to play a growing but
ambivalent role. On one hand, they expand access, support multimodal learning, and offer
tools for simulating complex sustainability scenarios. On the other hand, concerns persist
about digital fatigue, inequity in access, and the environmental impact of educational
technologies themselves. These tensions call for a more nuanced discussion about the digital
infrastructure of sustainability education, echoing scholar voices (Knox et al., 2020;
Macgilchrist, 2021) who argue that edtech must be evaluated not only for pedagogical efficacy
but also for its ethical and ecological footprint.

Across these thematic categories, the report reveals a strong orientation toward
student-centered, participatory, and co-constructive pedagogies. These approaches
reflect a shift in the role of the learner—from passive consumer of information to active co-
creator of knowledge and social change. This pedagogical reorientation aligns with recent
thinking in transformative learning theory, decolonial education, and networked learning
environments (Andreotti, 2016; Kemmis et al., 2014).

Despite these promising developments, several cross-cutting challenges persist.
The first is institutional integration. While many innovations occur at the course or program
level, there is often limited evidence of systemic alignment across departments or governance
structures. Second, faculty development remains under-researched and under-supported.
Many instructors report feeling unprepared to teach sustainability in interdisciplinary or
experiential formats (Brundiers et al., 2021; Brundiers & Wiek, 2013). Third, there is a lack of
longitudinal assessment. Few studies track the long-term impact of curriculum greening on
student behavior, institutional change, or societal outcomes, leaving questions about efficacy
and scalability unanswered.

The implications for practice include the need for robust professional development
programs, institutional frameworks that reward pedagogical innovation, and greater
investment in infrastructure for experiential and community-based learning. For policymakers,
the findings suggest the importance of supporting curricular flexibility, recognizing non-
traditional forms of knowledge, and fostering partnerships between universities and their
communities. Finally, for researchers, the field would benefit from greater methodological
diversity, including ethnographic, participatory, and longitudinal studies that capture the
complexity of curriculum transformation.

Conclusion

This report has offered a comprehensive review of the evolving landscape of
sustainability education in higher education, structured around three interrelated analytical
pillars: curriculum contents, pedagogical approaches, and learning environments.
Across all three dimensions, the literature reflects a growing consensus that educating for



sustainability entails more than the inclusion of environmental topics—it demands a
fundamental transformation of what is taught, how it is taught, and where learning takes place.

In terms of content, the findings reveal a marked shift from discipline-specific
knowledge toward integrative, applied, and systems-based understandings of sustainability.
While competence frameworks—such as UNESCO’s key competencies and the EU’s
GreenComp—provide a coherent scaffold, their translation into practice remains inconsistent.
Notably, the content dimension is enriched by efforts to pluralize epistemologies through the
inclusion of indigenous, local, and practice-based knowledge. Yet, this inclusion is often partial
and project-based, pointing to a need for deeper curricular integration and institutional
commitment.

The second pillar, pedagogical approaches, underscores a widespread transition
from transmissive to transformative education. Experiential, place-based, and critical
pedagogies are increasingly used to foster deeper engagement, ethical reflection, and civic
agency among students. The literature points to the importance of dialogic, co-constructive,
and problem-centered teaching strategies that support both individual and collective
transformation. At the same time, the adoption of digital and hybrid formats introduces both
opportunities and tensions, especially in terms of equity, ecological impact, and the
preservation of humanistic and relational learning principles.

The third pillar, learning environments, highlights the material and spatial
dimensions of sustainability education. These environments—ranging from digital platforms to
outdoor classrooms and “campus-as-laboratory” models—are not neutral backdrops but
active mediators of educational experience. Community-engaged, institutional, and
multisensory spaces allow students to situate their learning in real-world contexts, enhancing
both relevance and responsibility. However, structural barriers—such as institutional silos,
resource constraints, and access inequities—continue to limit the scalability of such
environments.

Jointly, the three pillars illustrate that greening curriculum practices are undergoing a
process of pedagogical and institutional redefinition. It is increasingly characterized by
complexity literacy, epistemic plurality, and learner-centered design. Yet, the report also points
to key areas requiring further attention: aligning competence models with assessment
practices; embedding co-creation processes into curriculum and governance; and ensuring
that digital infrastructures support rather than undermine sustainability principles.

Ultimately, the greening of higher education must be understood as a dynamic and
systemic undertaking. It requires not only curricular innovation and pedagogical reform, but
also sustained institutional support, faculty development, and cross-sectoral collaboration. As
sustainability challenges intensify, the role of higher education institutions as agents of
transformation becomes ever more critical—not simply in producing knowledge, but in
modeling the values, practices, and environments that underpin a just and sustainable future.
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