
Academic Editor: Elena-MMădălina
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Abstract

Climate change education (CCE) is increasingly recognized as a key lever for respond-
ing to the climate crisis, yet its implementation in schools often remains fragmented and
weakly transformative. This review synthesizes international research on CCE in secondary
education, focusing on four interconnected domains: students’ social representations of
climate change (SRCC), curricular frameworks, teaching practices and teacher professional
development, and emerging pathways towards transformative, justice-oriented CCE. A
narrative review of empirical and theoretical studies reveals that students’ SRCC are gen-
erally superficial, fragmented and marked by persistent misconceptions, psychological
distance and low perceived agency. Curricular frameworks tend to locate climate change
mainly within natural sciences, reproduce deficit-based and behaviorist models and leave
social, political and ethical dimensions underdeveloped. Teaching practices remain pre-
dominantly transmissive and science-centered, while teachers report limited training, time
and institutional support, especially for addressing the affective domain and working
transdisciplinarily. At the same time, the literature highlights promising directions: calls
for an “emergency curriculum” and deeper curricular environmentalization, the poten-
tial of socio-scientific issues and complexity-based approaches, narrative and arts-based
strategies, school gardens and community projects, and growing attention to emotions,
hope and climate justice. Drawing on a narrative and integrative review of empirical
and theoretical studies, the article identifies recurrent patterns and gaps in current CCE
research and outlines priorities for future inquiry. The review argues that bridging the
knowledge–action gap in schools requires aligning curriculum, pedagogy and teacher
learning around four key principles—climate justice, collective agency, affective engage-
ment and global perspectives—and outlines implications for policy, practice and research
to support more transformative and socially just CCE.

Keywords: climate change education; secondary education; social representations; curricu-
lum; teaching practices; teacher professional development; climate justice; eco-citizenship

1. Introduction
Climate change (CC) is now widely recognized as a global, multidimensional and

interconnected threat that affects ecological, social, economic and cultural systems in
deeply uneven ways [1,2]. It is often described as a “wicked problem”, characterized
by scientific uncertainty, multiple causes and stakeholders, and the absence of simple,

Encyclopedia 2026, 6, 8 https://doi.org/10.3390/encyclopedia6010008

https://crossmark.crossref.org/dialog?doi=10.3390/encyclopedia6010008&domain=pdf&date_stamp=2025-12-26
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/encyclopedia
https://www.mdpi.com
https://orcid.org/0000-0002-4019-0481
https://orcid.org/0000-0002-4026-7207
https://orcid.org/0000-0001-5662-5243
https://orcid.org/0000-0002-3925-4142
https://doi.org/10.3390/encyclopedia6010008


Encyclopedia 2026, 6, 8 2 of 18

technical solutions [3]. The crisis has also been described as a “triple helix” of scientific,
political and social dimensions, a framing that underscores both its global reach and the
need for responses that move beyond technological innovation [4]. Beyond its biophysical
and techno-scientific dimensions, CC is increasingly understood as a systemic crisis—one
rooted in cultural values, identity, and anthropocentric worldviews—requiring deep shifts
in how societies imagine human–nature relationships and envision alternative futures [5,6].
Since the Paris Agreement explicitly called for education, public awareness and capacity
building as key pillars of climate action, climate change education (CCE) has emerged as a
distinct field within educational research and practice [7].

Within this context, CCE is increasingly framed as a societal mission that must be
complexity-oriented, intergenerational and interdisciplinary [8,9]. Rather than focusing
only on transmitting climate science, CCE is expected to support an ecosocial transition
and nurture sustainable “good living”, linking climate literacy with values, participation
and cultural change [8,10]. When CCE presents the issue as a set of decontextualized
facts, its ethical and political meaning is diminished [11]. Consistent with this, research in
different countries shows that knowing about CC does not automatically lead to coherent
practices: young people often report high levels of concern but only limited behavioral
change, revealing a persistent knowledge–action gap [12–14]. Large-scale surveys also
show that environmental knowledge and attitudes predict pro-sustainability behavior only
weakly [15]. This tension is particularly acute in adolescence, when secondary students are
intensively constructing their identities, are highly exposed to news and social media, and
begin to socialize climate-related knowledge among peers, so that school learning becomes
only one of several, and sometimes conflicting, sources of meaning.

However, environmental concern is shaped by social trust, media exposure and direct
experience of climate impacts, while contrasting effects of secondary and tertiary education
point to cultural polarization and technophilic optimism [16]. To address this gap, CCE
must therefore work on motivation, ethics and action, reducing psychological distance,
fostering critical reflection and emotional engagement, strengthening civic empowerment,
and rethinking curricular approaches accordingly [17–20].

These demands resonate with broader debates, which call for pedagogies that are
explicitly transformative and promote complexity-oriented, systemic, critical and creative
thinking [21]. Sustainability itself is understood as a sophisticated educational construct
that should be connected, through knowledge, values and practices, to equity, future-
oriented thinking and social justice, rather than reduced to generic environmental aware-
ness [22]. From this standpoint, CCE combines two interrelated dimensions: educating
about climate—grounded in rigorous scientific literacy—and educating for change, which
brings ethical, civic and participatory dimensions into dialogue with scientific knowl-
edge [23,24]. Rather than privileging one over the other, effective CCE requires weaving
together conceptual understanding and holistic pedagogies that foster critical citizenship.
In line with this, the literature increasingly converges on four key pillars for CCE: critical
understanding of climate systems and drivers, cooperative and collective action, ecosocial
ethics [8,25] and the capacity to adapt and build community resilience [10,26].

Several global and regional reviews have attempted to map this emerging field. They
highlight, among other aspects, the importance of analyzing student attributes and repre-
sentations, pedagogical approaches and teacher knowledge as interconnected dimensions
of CCE [20]. More recent syntheses emphasize the need for interdisciplinary and transdisci-
plinary approaches, as well as stronger curricular integration across subjects and school
levels [9,27]. At the same time, they point to enduring tensions and controversies: between
individual behavior change and structural transformation, between “neutral” scientific
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teaching and explicitly justice-oriented education, and between policy discourses that
promote CCE and the limited support actually provided to schools and teachers [4,8].

Building on this body of work, the present review focuses specifically on CCE in
school settings and examines four interrelated domains: students’ social representations
of climate change (SRCC), curricular frameworks, teaching practices and teacher profes-
sional development, and emerging pathways towards transformative, justice-oriented CCE
and eco-citizenship. Secondary education is a particularly strategic level for this analysis,
as it is a period in which young people’s increasing autonomy, digital connectivity and
civic awareness intersect with intensified exposure to climate information and with the
knowledge–action gap outlined above. It identifies recurring gaps across these domains:
superficial and often distorted student understandings, fragmented and weakly imple-
mented curricular provisions, predominantly transmissive, science-centered pedagogies,
and insufficient institutional support for teachers. In doing so, this review extends and
complements recent systematic and scoping syntheses by concentrating especially on CCE
at the secondary level and by analyzing how these four domains, often examined sepa-
rately, jointly contribute to, and may help address, the persistent knowledge–action gap
highlighted above.

Rather than conducting an exhaustive systematic review, we adopted a narrative and
integrative approach, combining systematic search procedures with iterative, theory-driven
selection in order to construct a conceptually rich but manageable corpus. We focused on
empirical and conceptual contributions on CCE and closely related fields (environmental
education and education for sustainable development) in school settings, with particular
emphasis on secondary education, while also including relevant research on initial and
in-service teacher education, published mainly between 2000 and 2025.

The literature was identified through iterative keyword searches in major education
and interdisciplinary databases (Web of Science Core Collection, Scopus, ERIC, and Google
Scholar), complemented by backward and forward citation tracking and targeted retrieval
of key policy documents and competence frameworks. Search strings combined terms such
as climate change education, education for sustainable development, environmental educa-
tion, secondary education, teacher education, social representations, curriculum, teaching
practices, and climate justice. This identification stage yielded 256 records (Table 1). Fol-
lowing the removal of duplicates, titles and abstracts were screened to exclude purely
technical climate science publications, narrowly sectoral studies, and sources with only
tangential educational relevance or outside the four focal domains of the review. This
screening stage resulted in the exclusion of 180 records. The remaining 134 publications
were assessed through full-text reading to determine their substantive empirical or theo-
retical contribution to at least one of the focal domains (students’ social representations of
climate change, curriculum frameworks, teaching practices, or teacher education). Based
on this eligibility assessment, 21 sources were excluded due to limited analytical depth
or insufficient thematic fit. The final corpus therefore comprised 114 sources, including
peer-reviewed journal articles and scholarly book chapters, which were prioritized for
evidentiary claims, as well as a smaller set of policy reports and competence frameworks
used primarily for contextual and analytical framing.

Geographically, the corpus is dominated by studies conducted in Europe and Latin
America, with a smaller number of contributions from other world regions. This reflects
both the concentration of CCE research in these contexts and the language filters applied,
and it constitutes a limitation that is taken up in the discussion and conclusions below.
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Table 1. Search and selection overview.

Stage Sources/Procedure Criteria Output

Identification

Web of Science, Scopus, ERIC,
Google Scholar; iterative

keyword searches; citation
chasing; targeted retrieval of

policy/framework documents

Focus on CCE and adjacent constructs in school
and teacher-education contexts. Publications
available in English, Spanish or Catalan, with
selective inclusion of Portuguese and French

when conceptually salient.

Sources
identified
(n = 256)

Screening Title/abstract screening
Exclude purely technical climate science;

narrowly sectoral; tangential to education;
outside focal domains

76 Excluded
(n = 180)

Eligibility Full-text reading and thematic
fit check

Include substantive empirical findings or
theoretical analyses relevant to ≥1 focal domain

45 Excluded after
full text
(n = 135)

Included Final corpus used in synthesis
Peer-reviewed research prioritized for

evidentiary claims; policy/framework docs used
for contextual framing

Included sources
(n = 114)

2. SRCC Among Secondary School Students
Research on the SRCC among secondary school students is crucial for understanding

how young people make sense of a complex and highly mediatized scientific phenomenon,
and how this meaning-making shapes their willingness to act [28–30]. Cross-cultural
studies reveal a notable homogeneity in the structure of these SRCC despite sociocultural
differences [31,32], as well as a superficial, fragmented, and insufficient level of knowledge
for informed decision-making [29,32,33].

Overall, students tend to learn about CC as a global environmental problem reduced
to extreme atmospheric events and their visible consequences [34–36]. This hegemonic
representation privileges isolated biophysical aspects and omits both the social perspective
and the systemic ecological functioning of climate-related processes [28,30,32]. Students
generally attribute CC consequences to individual behaviors—use of plastics, waste produc-
tion, generic “pollution”—while macro-level drivers linked to economic or energy systems
remain blurred [29,34,37]. This micro-level focus reflects a lack of systemic thinking that
limits students’ understanding of climate complexity [32,38].

SRCC are also characterized by the widespread and persistent presence of alterna-
tive conceptions, shared by both students and teachers [39]. The most recurrent include
confusion between CC and ozone depletion [29,35,38], often associated with skin cancer
risk [32,39]; attributing CC to simple waste accumulation [37]; identifying CC with daily
weather variation [28,36,38]; conceiving the greenhouse effect as either exclusively harmful
or as identical to CC [38,40]; and linking it to unrelated phenomena such as tectonic activity,
acid rain or specific diseases [32,38]. Such persistence shows that pre-existing beliefs act
as assimilation filters that limit the integration of scientific knowledge [29,34], making the
explicit correction of these misconceptions—particularly in teacher education—a critical
priority [22,41].

Beyond cognitive aspects, SRCC incorporate affective and evaluative components that
shape risk perception and emotional responses [40]. CC is represented as a global threat, or
even as a deadly “beast” [37], yet simultaneously perceived as a distant phenomenon in
time and space [28,36,42]. This psychological distance—strongly documented among both
students and teachers—reinforces the belief that impacts will be more severe for future
generations than for themselves [39,43]. These emotional responses are often intensified by
the lack of structured opportunities in schools to acknowledge and work through climate-
related feelings, which contributes to students’ sense of overwhelm and disengagement [25].
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As a result, many students perceive individual action as irrelevant and externalize
responsibility to governments, companies or more polluting countries [28,32,34,44]. This
lack of agency is reinforced by feelings of helplessness and hopelessness [36,42], which
reduce proposed responses to low-impact individual pro-environmental gestures [29,34,42].
Figure 1 summarizes patterns repeatedly reported in the literature on secondary students’
social representations of climate change.

Figure 1. Conceptual architecture of Secondary Students’ Social Representation of Climate
Change (SRCC).

Formal education contributes only marginally to transforming these representa-
tions. Thus, the media, which are the main source of climate information for young
audiences [45,46], often simplify the phenomenon through emotionally charged imagery
or catastrophic narratives that, over time, generate fatigue and disengagement [46]. Media
practices can also dilute scientific consensus when “balance” leads to the inclusion of
skeptical or denialist voices [47]. These dynamics raise the question of how far formal cur-
riculum frameworks are able—or unable—to counteract such fragmented representations
and support more critical, systemic understandings of CC. Research consistently shows that
schooling has minimal influence on SRCC and students’ willingness to act, largely because
a deficit-based model and a tendency to promote simplified, individualized eco-gestures
prevail, prioritizing decontextualized personal actions while avoiding engagement with
the socio-structural roots of CC [4]. SRCC also vary by academic track—with differences
between science and humanities students—and are strongly shaped by external sources
such as media and youth activism [38].

3. Curriculum Frameworks and the Structural Limits of CCE
Current curricular frameworks have integrated sustainability and CC slowly and

only in a fragmented manner, often through isolated “capsules” that fail to transform
the underlying structure of the curriculum [21,48]. School systems largely maintain a
scientific-literacy logic centered on technical content, with CC located mainly within natural
sciences and sustained by a deficit model that assumes more scientific information will
generate more responsible behavior [4,45,49]. This configuration restricts opportunities to
address social, economic, and political dimensions of the phenomenon [4,25]. Within this
framework, CCE remains concentrated primarily in science subjects and struggles to build
solid links with social sciences or citizenship education, while classroom practice tends to
prioritize positivist knowledge transmission [9,25,38].
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This configuration risks generating a form of “paradigmatic blindness” that obscures
the less visible structural roots of CC and limits the curriculum’s capacity to question
the dominant development model based on unlimited growth and fossil fuels [25,45].
Consequently, various authors call for deeper curricular environmentalization processes,
moving beyond the accumulation of projects towards a comprehensive reorientation of
educational aims, content, and assessment criteria [8,21,48].

Against this backdrop, the notion of an “emergency curriculum” has been proposed—one
that positions the climate and ecological crisis at the center of educational priorities and
redefines curricular frameworks in line with the Paris Agreement [4,7]. Such a curriculum
would need to address the socio-ecological complexity of the crisis and integrate scientific,
political and ethical dimensions, moving beyond purely informational approaches towards
social transformation and critical eco-citizenship [8,23,25]. From this perspective, approach-
ing the climate crisis through the curriculum becomes not only an environmental issue, but
also a matter of global justice and human rights, requiring curricular orientations that link
local and global scales and confront inequalities and historical responsibilities [25,45]. In
practice, this kind of emergency curriculum is exemplified by whole-school projects where
a concrete local issue becomes the organizing focus for cross-curricular work. For instance,
conservation projects that combine scientific study of local biodiversity with persuasive
writing to community actors and concrete interventions in the school or neighborhood
illustrate how disciplinary learning can be tightly coupled with justice-oriented climate
action [50]. Recent proposals insist that CCE cannot remain confined to science and call
for an “environmental lens” across all subjects so that each area clarifies its contribution
to knowledge, values and competences for sustainability [9,50]. This aligns with interna-
tional frameworks such as GreenComp, which defines four interconnected competence
areas—embracing sustainability values, understanding complexity, envisioning sustainable
futures and acting for sustainability—shifting the focus from conceptual understanding to
the capacity to act [51]. Curriculum reorientation therefore requires a competence-based,
transdisciplinary approach that integrates scientific, epistemological and psychosocial
dimensions, articulating CC complexity through ecological balance, planetary boundaries
and sociopolitical controversies [20,25,52–54].

CCE research also examines how curricular frameworks support cross-cutting, inter-
disciplinary and transdisciplinary integration, highlighting significant tensions between
discourse and practice [25,27]. At the policy level, CCE is often framed as interdisciplinary
and cross-curricular, yet in practice this frequently translates into isolated, low-status
activities that are attached to a single subject, remain weakly assessed and do not substan-
tially reshape the core curriculum [55,56]. Conversely, some whole-school or project-based
initiatives adopt holistic, action-oriented pedagogies but engage only superficially with
disciplinary knowledge on climate and sustainability, limiting students’ capacity to develop
rigorous and systemic understandings [57]. When CC remains confined to natural sciences,
it becomes difficult to connect with geographical, economic, historical or philosophical
knowledge—fields essential for addressing territorial, economic and political dimensions of
the crisis [9,34]. Recent studies show that CC is often approached descriptively and through
physical processes, while students’ SRCC continue to overlook structural roots and socio-
spatial inequalities [25,58]. Complementarily, mitigation is commonly framed in curricular
materials through economic dimensions—production, consumption, energy markets—and
political dimensions—regulation, governance and international agreements—yet these
elements are rarely integrated into a systemic reading that connects lifestyles, productive
models and regulatory frameworks [4,59].

Research into CCE indicates that teachers rely heavily on curricular guidance when
attempting interdisciplinary or transdisciplinary work; where curricula explicitly position
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sustainability as a structuring axis, it is more likely that bridges between subject areas
emerge and that learning sequences link scientific knowledge with socio-economic analysis
and civic participation [27,54]. Conversely, the absence of clear guidelines reinforces the
gap between the official curriculum and the “parallel curriculum” young people construct
through media and social networks, deepening the disconnect between formal schooling
and the societal urgency of the climate crisis [4,25,46]. Altogether, the literature points
to the need for curricular environmentalization processes that position CC as a complex
socio-ecological problem shared across all disciplines and that make explicit the interde-
pendence of ecological, economic, political and cultural dimensions within and beyond
school [21,23,48].

4. Teaching Practices and Professional Development in CCE
Teachers generally acknowledge CC as a serious global problem, yet tend to approach

it mainly through an ecological and scientific lens that emphasizes environmental protection
while relegating social, economic and ethical dimensions to a secondary level [37,60].
Although teachers’ conceptions are often complex and multidimensional, their practices
frequently rely on simpler conservationist and resource-oriented approaches focused on
the 3Rs (reduce, reuse, recycle) [61], thereby reinforcing the deficit-based model already
described above [62]. Resulting practices privilege biophysical causes and environmental
impacts, while rarely framing CC as a matter of justice, rights or power, as proposed in
ecosocial approaches [4,8,25]. Many teachers value critical thinking and evidence-based
instruction but tend to avoid political, ethical or values-based dimensions, keeping CCE
largely cognitive and weakly oriented towards collective action [63].

At the same time, students identify teachers as one of the most trusted sources of
information on CC, ranking them above media and social networks, which highlights their
potential role as rigorous environmental leaders in the classroom [64]. Some teachers argue
that their role should explicitly incorporate climate justice and civic participation, pointing
towards a more openly eco-citizenship-oriented professional identity [65].

A major cause of stagnation in this direction is the lack of systematic training
in CC and sustainability. Both in-service and pre-service teachers report insufficient
preparation—scientifically and pedagogically—and professional learning is often self-
taught [22,39,66] and dependent on highly committed individuals rather than on structured
institutional policies [67]. Additional constraints such as limited time, scarce resources and
weak organizational support further prevent teachers from moving beyond a superficial
treatment of basic concepts toward approaches that address human causes, social impli-
cations and possible solutions [66,68]. Research therefore emphasizes the need for initial
and ongoing training that strengthens climate literacy, addresses alternative conceptions
and builds didactic competences for teaching complex problems [22,39,58]. Importantly,
research also stresses that effective CCE does not require teachers to master every scientific
aspect of CC, but rather to collaborate, engage in interdisciplinary dialogue and under-
stand how each disciplinary contribution enriches students’ overall comprehension of the
issue [55].

In this context, training in active methodologies emerges as a key field: teachers often
show greater interest in learning pedagogical strategies than in deepening specific climate
content, signaling an opportunity to connect methodological innovation with CCE [1].
Collaboration between researchers and teachers—through co-designed projects, shared
materials and reflective spaces—has been identified as a promising path for strengthening
teacher confidence and embedding CC in the curriculum in a stable way [39,48,69].

Regarding teaching practices, several studies highlight the strong potential of socio-
scientific issues (SSI) approaches for CCE, as they integrate scientific knowledge, values,
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controversy and decision-making in authentic contexts [34,70]. However, the lack of time,
curricular pressure and discomfort with controversy remain obstacles to sustained SSI im-
plementation [34,66]. In parallel, complexity-based approaches encourage placing students
in real socio-environmental problem situations, using controversies, interdisciplinary work
and tools such as the “Vector Idea” to shift worldviews and interpretive frameworks among
both teachers and learners [52]. Inquiry and modeling also show strong potential in teacher
education, naturally aligning with the teaching of SSI and socio-ecological complexity [71].
More broadly, active and experiential methodologies that combine personal relevance,
hands-on learning and community or school action projects appear particularly effective for
fostering action competences and promoting sustained behavioral change [54,72]. Within
this family of approaches, gamified and challenge-based activities can also strengthen
students’ motivation and engagement in sustainability actions [73]. School gardens are
frequently cited as powerful learning environments for sustainability, agency and care, and
for anchoring learning in everyday contexts [74,75]. Other experiences explore the use of
art to design and assess CC modules, generating strong emotional, creative and reflective
engagement among students [76]. Moreover, arts and humanities offer an underused
potential for CCE, enabling engagement that ranges from simple communication to critical
dialogue and, at its deepest, transformative meaning-making [77].

The use of narrative-based strategies—shown to be effective in science educa-
tion [78,79]—is essential in CCE to help close the “action gap” and move beyond approaches
centered on information deficits and catastrophist narratives [80,81]. Structured, solution-
focused stories have been found to be more effective than purely informational messages
in promoting pro-environmental behavior, as they support experiential processing, reduce
feelings of helplessness and are associated with higher motivation for climate action [80,82].
To strengthen students’ agency, it is particularly valuable to provide narratives of people
taking positive steps in concrete contexts, since actions can influence beliefs through self-
persuasion processes [83]. Intergenerational and cross-cultural storytelling further helps to
integrate diverse family experiences—especially from migrant backgrounds—supporting
critical understandings of climate justice and fostering empathy [84].

Moreover, complexity-oriented CCE requires the inclusion of indigenous [85] and
traditional [86] knowledge and cultural practices, which can support resilience and col-
lective action capacities. Participatory storytelling focused on community adaptation and
resilience promotes mutual learning and offers emotional “containers” to engage with
climate topics in an emotionally intelligent way [87]. Tools such as scientific comics, which
combine visual storytelling with science communication devices (maps, diagrams), have
proven effective in improving understanding, content retention and environmental concern
by depicting stakeholder actions in an integrated way [88]. Finally, narrative interven-
tions oriented toward the future—such as imagining a carbon-neutral city—can reduce
psychological distance and increase action competence [89], using narrative frameworks
to balance paradigmatic (logical-scientific) thinking with narrative (experiential-causal)
thinking and foster more complex understandings [90].

Teaching practices and teacher training also vary across disciplines, with notable dif-
ferences between chemistry, biology and physics teachers—an aspect with important impli-
cations for designing disciplinary and transversal sustainability education programs [50,63].
Within this context, teachers require curricular frameworks that legitimize an “environ-
mental lens” across subjects and guide curricula towards an emergency response to the
socio-ecological crisis [45,67].

Finally, the affective dimension emerges as critical in both practice and teacher educa-
tion: many teachers feel unprepared to address emotions such as sadness, eco-anxiety or fa-
talism associated with CC, despite recognizing their importance in students’ responses [25].

https://doi.org/10.3390/encyclopedia6010008

https://doi.org/10.3390/encyclopedia6010008


Encyclopedia 2026, 6, 8 9 of 18

Research shows that explicitly attending to emotions can enhance engagement and the
capacity to sustain difficult conversations, provided they are approached constructively
and with an orientation towards hope [71]. Teachers’ differing beliefs about emotions
strongly shape whether they avoid, minimize or actively work with students’ climate-
related feelings [91]. Yet, while critical thinking and community participation are widely
emphasized in sustainability education, affective and transformative capacities remain
largely overlooked in teacher professional development [92]. Recent contributions also out-
line concrete modules that teacher education can adopt to work explicitly with eco-anxiety
and hope. These include meta-emotion activities in which teachers examine their own
beliefs about “negative” emotions and practice validating students’ distress before moving
towards action; inquiry and modelling sequences that deliberately link learning climate
science with guided reflection on how increased understanding can reduce paralysis and
build confidence; structured strategies for naming emotions, cultivating critical (rather
than naïve) hope and using artistic expression as a space for processing climate-related
feelings; and transformative projects in which future teachers collaborate with local actors
on real sustainability problems, using the discomfort and frustration that emerge as starting
points for critical reflection and collective action [8,71,91,92]. Consequently, professional
development in CCE should include not only scientific content and didactic strategies
but also tools to address the emotional dimension and to support long-term personal and
collective transformation [8,25].

5. Toward Transformative CCE and Ecosocial Literacy
CCE itself must be transformative, meaning that it places climate justice at the center

and goes beyond environmental management or individual behavioral change [93]. When
climate justice appears in curricula or research, it is usually defined through the dispropor-
tion between responsibility for emissions and vulnerability to impacts, emphasizing the
need for equity- and rights-based educational frameworks [94]. Much current CCE remains
focused on individualized eco-gestures and everyday lifestyle choices, reinforcing a focus
on the private sphere—lifestyles, individual responsibility—while avoiding discussion of
the public sphere, political decision-making and conflicts of interest [88]. Transformative
CCE must instead address the structural drivers of the climate crisis and explicitly situate
climate justice at its center [95].

At the same time, institutional actions such as university divestment from fossil fuels
demonstrate that educational institutions can act as political agents, integrating climate
justice as institutional practice rather than merely as pedagogical content [96]. Overall,
the literature suggests that a transformative CCE must systematically connect scientific
learning with deliberation, politics and the analysis of inequalities. Working with real
sustainability issues means engaging with uncertainty and value conflicts, which should
be treated as educational resources rather than avoided [97]. Climate justice education
must connect learning with activism and challenge the idea that education can remain
apolitical [98,99].

This also requires explicitly teaching the processes of social transformation, helping
students understand how change happens and how they can participate in it [100]. Trans-
formative CCE also requires working across changes in practices, institutional structures,
and meaning-making, helping learners understand how these dimensions interact in pro-
cesses of social change and in the evolution of societies [101]. At classroom level, this can be
operationalized through time-limited sustainability experiments in which students commit
to specific changes in everyday practices (for example, mobility, diet or consumption) while
systematically reflecting on how social norms and institutional arrangements enable or
constrain those changes. Indicators such as perceived increases in agency, students’ capac-
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ity to identify systemic drivers behind their own habits, completion rates of the chosen
experiments and evidence of “ripple effects” in families and peer groups provide concrete
ways of assessing the transformative potential of such designs [101].

Within this framework, the formation of critical eco-citizenship becomes a central
goal. The aim is not only to understand CC but to participate in collective efforts that
respond to it and transform the structures that sustain it [13,23]. This involves developing
scientific, ethical and political competences, together with critical thinking and demo-
cratic participation skills [8]. Eco-citizenship requires recognizing ecological and social
interdependence, linking CC to human rights and planetary justice, and assuming shared
responsibilities beyond individualistic discourses [19,25]. In practical terms, ecosocial liter-
acy and eco-citizenship become visible when students participate in school eco-committees
or sustainability councils, engage in climate strikes, divestment campaigns or community-
based adaptation projects, and collaborate with local stakeholders to design responses to
climate-related risks. Measurable indicators include the frequency of students’ engage-
ment in public-sphere actions, their contributions to school or local governance processes,
their ability to identify and challenge dismissive or interest-driven discourses that block
climate action, and the extent to which marginalized or frontline groups are represented
and take on leadership roles in these initiatives [101]. Research shows that reinforcing
climate identities—through shared narratives, collective actions or social/elite cues—can
increase young people’s support for climate action [40,102]. Educational experiences that
incorporate community projects or forms of sociopolitical action (school campaigns, local
partnerships, participation in decision-making processes) enable students to experience
themselves as agents of change rather than passive observers [54,72]. This also requires
creating educational spaces that function as democratic publics, where students can engage
in deliberation and collective meaning-making [103].

A further, closely related dimension is the affective domain. Climate-related emotions—eco-
anxiety, sadness, fear, fatalism—are common among young people and can reinforce
feelings of powerlessness when not addressed pedagogically [13,14,104]. Political commit-
ment to climate action is closely tied to emotional dispositions: when education focuses
solely on scientific data and catastrophic scenarios, it risks generating paralysis or resigna-
tion [12]. Pedagogical approaches such as “head, heart and hands” emphasize integrating
knowledge, practice and emotion, addressing hope and operational barriers that impede ac-
tion [105]. Hope—understood as “active hope” or “critical optimism”—correlates positively
with self-efficacy and pro-environmental behavior [104–106]. Consequently, educational
strategies must help channel eco-anxiety into care, solidarity and collective action, em-
bedding emotional work within both initial teacher education and ongoing professional
development [8,25,71]. In this sense, affectivity is not an additional element but a key driver
of climate agency.

A transformative CCE also requires a glocal perspective, understood here as the
interconnected nature of local and global processes. CC manifests through localized
issues—social vulnerability, extreme events, energy poverty—while also being embedded
in global historical, geopolitical and economic dynamics; therefore, educating for glocal
citizenship requires recognizing and analyzing this dual scale [9,25]. Working from a glocal
lens prevents both narrow localism and abstract globalism that leads to disengagement.
This perspective can be supported by the use of Earth Observation (EO), which enables the
visualization of local CC impacts (such as wildfires or floods), making the issue personally
relevant and preferable for teachers compared to abstract global problems [107].

Orienting learning toward sustainable futures is essential: encouraging reflection on al-
ternative scenarios and potential socioecological transitions helps students think not only in
diagnostic terms but in terms of transformation [24]. Frameworks such as the GreenComp
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emphasize envisioning futures, understanding complexity and acting for sustainability,
reinforcing the idea that CCE should be oriented toward agency rather than solely concep-
tual learning [51]. In this line, integrating complexity and sociopolitical controversies into
contextualized activities—local projects, citizen science, community collaborations—helps
students connect their everyday experiences with global processes [10,52]. Overall, a trans-
formative CCE weaves together climate justice, collective agency, affective engagement
and glocal perspectives, moving beyond environmental literacy towards socioecological
transformation [4,6,7].

Recognizing the structural limits of formal schooling is therefore essential. Contempo-
rary school systems are often shaped by processes of corporatization and curricular frag-
mentation, which tend to treat climate change as a depoliticized, predominantly scientific
issue and limit the possibilities for radical or justice-oriented transformation [25,108,109].
As a result, both students and pre-service teachers frequently report feeling underprepared
to address the climate crisis, pointing to curricula that devote insufficient time to the issue
and provide largely superficial information while excluding action-oriented and politically
meaningful responses [66]. In this context, youth climate activism has been described as a
crucial educational infrastructure in its own right. Through participation in social move-
ments, young people act as “movement learners”, generating critical knowledge, political
agency and collective identities that extend well beyond the boundaries of formal school-
ing [109]. From an ecopedagogical perspective, genuinely transformative climate education
requires problematizing the neoliberal foundations of dominant development models and
critically engaging with the historical legacies of colonialism and racial capitalism that
underpin contemporary climate injustice [108,110].

While school-based approaches often prioritize individualized behavioral change—
sometimes exacerbating eco-anxiety and feelings of despair—collective action within social
movements can function as a source of meaning and emotional relief, fostering hope
through shared political agency [111]. Civic ecology and energy citizenship initiatives
further demonstrate that agency is inherently collective and affective, rooted in place-
based identities and community engagement, dimensions that formal education systems
frequently marginalize [112]. From this standpoint, educating for climate justice may
take on the character of a “school for dissent”, insofar as it equips learners to question
and challenge institutional and governmental arrangements that reproduce climate in-
justice across time and space [113,114]. Moving towards reparative, transdisciplinary
and nature-based educational models is therefore necessary to interrupt the epistemic
exclusions embedded in dominant curricula and to support processes of socio-ecological
transformation [25,108,113].

6. Conclusions and Prospects
This review has synthesized a substantial body of evidence demonstrating the chal-

lenges and opportunities inherent to CCE in secondary schooling, with particular attention
to the persistent gap between knowledge and action. The analysis indicates that students’
SRCC often remain superficial, fragmented and marked by conceptual confusions. The
prevalence of deficit-based approaches and of tendencies that promote simplified, individu-
alized eco-gestures further limits systemic understanding and constrains civic engagement
with the structural roots of the problem.

The overarching thread emerging from the literature is that overcoming these limita-
tions requires a transformative approach that places climate justice at its core. CCE must
move beyond narrow, technocratic forms of scientific transmission and, instead, cultivate a
complex, inquiry-based and critically grounded understanding of climate systems—an ap-
proach aligned with a didactics of CC that links scientific literacy with collective action and
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social transformation. This reorientation can be articulated around four key dimensions:
advancing climate justice (by confronting inequalities and historical responsibilities), fos-
tering collective agency (enabling students to experience themselves as agents of change),
engaging the affective domain (channeling emotions such as eco-anxiety toward action and
hope), and adopting a glocal perspective (examining the crisis through the articulation of
local and global scales). Crucially, this transformative orientation cannot replace rigorous
scientific learning; rather, it depends on deepening students’ conceptual understanding and
their capacity to reason critically and creatively about climate processes. Without this epis-
temic foundation, action risks becoming superficial or disconnected from the complexities
of climate science.

From a pedagogical standpoint, it is essential to adopt methodologies that support
these dimensions. Such methodologies must integrate robust scientific inquiry with partici-
patory, value-based learning, ensuring that action is always anchored in well-constructed
knowledge. Active strategies such as SSI and complexity-based approaches are fundamen-
tal for engaging students in authentic controversies and decision-making processes. Within
this context, constructive narratives emerge as a particularly relevant catalyst, as they have
been shown to be more effective than purely informational messages in promoting action
and reducing feelings of helplessness.

For these approaches to succeed, the review also highlights the indispensable role of
educators as critical mediators. The practical challenges are significant: teachers often lack
systematic training, time and resources to address the complexity of CC in a transdisci-
plinary manner, and many feel particularly unprepared to manage affective dimensions
such as eco-anxiety in the classroom. Professional development should therefore aim to
strengthen both scientific literacy and didactic competences for working with complex
problems, explicitly integrating emotional work with an orientation toward active hope. Yet
this professional growth cannot be understood as an individual effort. It requires schools
to create and sustain institutional conditions that make it possible: protected time for
collaboration and reflection, organizational cultures that value innovation and continuous
learning, and pedagogical leadership capable of guiding a shared vision of the importance
of CCE.

In interpreting this review, several limitations should be acknowledged. First, this is a
narrative, non-systematic synthesis; although we sought to construct a theoretically rich
and representative corpus through iterative database searches and citation tracking, we
did not aim for exhaustive coverage, and some relevant studies may have been omitted.
Second, the corpus is shaped by language filters: we focused primarily on publications in
English and Spanish and selectively included work in Portuguese and French, so research
published in other languages remains largely outside our scope. Relatedly, the literature
reviewed is geographically concentrated in Europe and Latin America, with more limited
representation from other world regions; this reflects both the distribution of CCE research
and the search criteria applied, and it constrains the extent to which the patterns identified
can be generalized globally. Third, we privileged peer-reviewed empirical and conceptual
contributions in school and teacher-education settings, with a particular emphasis on
secondary education; as a result, practice-oriented reports, gray literature and work on
early childhood or vocational education are only marginally reflected. Finally, our analytic
focus on four domains and on justice-oriented, transformative approaches may foreground
certain questions (for example, social representations, eco-citizenship, agency and emotions)
over others, and future reviews using different lenses or more formal systematic procedures
could refine, challenge or extend the patterns identified here.

Looking ahead, the research agenda must move beyond primarily descriptive studies.
There is an urgent need for robust research designs that can clarify how different peda-
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gogical strategies foster agency, deep understanding and long-term retention; for example,
which combinations of SSI, narrative-based and complexity-oriented approaches most
effectively support sustained behavioral change, under what conditions, and for which
groups of students? Equally important is investigating how structuring full curricula as
coherent, purpose-driven stories can maximize motivation and sustained engagement;
future studies might ask how narrative coherence interacts with assessment practices and
school cultures, and whether such designs differentially benefit students with diverse back-
grounds and prior achievement. Tools such as EO and the integration of IK also represent
promising avenues to strengthen glocal connections and reinforce community resilience,
raising further questions about how these resources shape students’ glocal understandings
and their participation in community-based climate action.

In sum, the path forward for CCE involves balancing scientific rigor with social
imagination, and cognitive depth with emotional resonance. A reflective integration of
emerging pedagogical approaches—supported by a solid research agenda and coherent
institutional backing—can empower students not only to understand climate science but
also to see themselves as critical ecological citizens and active participants in the necessary
socio-ecological transformation. Ultimately, transformative climate action in education
requires an interplay between epistemic rigor and civic engagement, ensuring that agency
emerges from knowledge, critique and creativity rather than from activism detached from
scientific understanding.
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