Received: 20 March 2025

'.) Check for updates

Accepted: 4 November 2025

DOI: 10.1002/berj.70078

ORIGINAL ARTICLE

BERJ EBERA

Learning to explain environmental crises:
A dialogic analysis of teacher professional
learning between Chile and the United States

Valeria M. Cabello’
Daniel Morales-Doyle®

'Facultad de Educacion, Center for
Integrated Disaster Risk Management
(CIGIDEN), Pontificia Universidad Catolica
de Chile, Santiago, Chile

23chool of Education and Social Policy,
Northwestern University, Evanston, lllinois,
USA

3Department of Curriculum & Instruction,
University of lllinois Chicago, Chicago,
Illinois, USA

Correspondence

Alejandra Frausto Aceves, School of
Education and Social Policy, Northwestern
University, Evanston, IL, USA.

Email: alejandrafrausto@u.northwestern.
edu

Funding information

Agencia Nacional de Investigaciéon

y Desarrollo, Grant/Award Number:
ANID/FONDECYT/1221716 and ANID/
FONDAP/1523A0009/2023; United States
National Science Foundation, Grant/Award
Number: DRK121720856; Buffett Institute
for Global Affairs, Northwestern University

| Alejandra Frausto Aceves? |

Abstract

Many studies and initiatives are animated by the
potential for science education to intervene in the
climate crisis and crises of environmental degradation
and disinformation. For science teachers to learn to
address these issues in their classes, their teaching
must expand beyond scientific facts and face
controversial social aspects. Dealing with these
crises' complexity and politics implies substantial
teacher education and professional development
shifts. Intending to contribute to understanding how
to prepare teachers to engage in critical teaching,
this article describes a collaborative cross-study
dialogue to analyse science teachers' artefacts. Pre-
service science teachers from Chilean universities
participated, creating explanations about the
climate crisis and mutually giving peer feedback.
Likewise, we explore the storylined relationships
between local issues of industrial pollution and
chemistry content written by experienced teachers
who were organised in a collective around issues
of environmental racism in a large city in the United
States. Through our dialogue, we refined a tool for
formative feedback that contributes to research and
teaching on environmental crises by supporting
awareness of ideological issues in climate change
and sustainability education (CCSE) and pedagogies
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of hope. We discuss how teachers in different global
contexts address (or not) scientific and social justice
concerns within environmental problems created by
extractivist economies. Our orientation is towards
horizontal dialogue and epistemic humility that
recognises the problematic historical relationship
between our nations and moves towards imagining
more just futures. We conclude by reflecting on
orientations for practice to critically address climate
and environmental crisis education in different stages
of teacher preparation and development. We argue
that through noticing controversies, possibilities,
and questions, we can transcend the barriers of
dominance and dichotomy between the Global South
and North and between individual and collective
action in climate change and sustainability education.

KEYWORDS

climate crisis, environmental justice, pedagogies of hope,
science education

Key insights

What is the main issue that the paper addresses?

» This article discusses science teachers at two different career stages and in two
different contexts, Chile and the US, constructing explanations of environmental
crises. The emphasis is on teachers' integration of socio-political dimensions and
justice-oriented approaches in climate change and environmental education.

What are the main insights that the paper provides?

* This article describes activities that prompted nuanced teacher explanations
of ecological crises while showing how dialogic, transnational collaboration
expanded researchers' interpretations of these teacher artefacts. It proposes an
expanded framework for formative feedback and orientations for practice towards
pedagogies of hope, interdisciplinary teaching, and critical engagement with
environmental justice tensions.

INTRODUCTION

Many studies and initiatives are animated by the potential for science education to
intervene in intertwined crises of climate change and associated disinformation campaigns
(Valladares, 2022). Science educators have identified climate change as one component of
a triple planetary crisis that also includes biodiversity loss and overwhelming pollution and
waste (Gandolfi, 2025a; Rushton et al., 2025). Drawing on Grosfoguel (2016), Gandolfi (2025a)
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connects the triple planetary crisis to extractivist capitalism and colonialism. Indeed,
scholars have increasingly been locating the origins of ecological crises in the systems of
racial capitalism and extractivist colonialism that have co-constructed scientific enterprise
and established epistemological hegemony (Goffe, 2025). We follow Gandolfi, and others in
science education who argue that teaching about environmental crises must account for the
capitalist and colonial origins and entanglements of these crises (e.g., Clark, 2024; Segura
et al., 2021; Rushton et al., 2025).

Indeed, a paradigm shift is long overdue in climate change and sustainability education
(CCSE) to focus on the root causes of these crises and their justice implications (Kagawa &
Selby, 2010). Among the various aspects of learning to teach science differently to address
these issues in science classes, teachers must deal with broader themes, methods, and
purposes than have typically been part of science classes (Rushton et al., 2025; Salinas
et al., 2023). Therefore, learning about CCSE in initial and continuing teacher education is a
fair and necessary response to environmental inequalities declared decades ago. Moreover,
to deal with environmental racism and climate justice, teachers must confront the entangle-
ments of epistemic, economic, and political power in their local manifestations and global
contexts (Gandolfi, 2024). However, in science teachers' education and professional de-
velopment, the emphasis on disciplinary concepts and core practices often marginalises
issues of justice and equity (Philip et al., 2019). Dealing with these crises' complexity and
politics implies substantial shifts in science teacher education, professional development,
and science education research (Trott et al., 2023).

An essential part of this shift is to reconsider the explanations of ecological concerns
that science teachers construct during both preparation and teaching. We conceptualise
explanations as artefacts of teachers' communication and reflection processes that point to
the causes of phenomena and shed light on science as a human activity (Geelan, 2003).
Constructing explanations and sharing these with others in the context of science education
help make thinking visible among students and teachers (Sommer & Cabello, 2020). Indeed,
allowing students to construct their own explanations in the classroom instead of repeating
the explanation given by others (teachers, books, media) can be a transformative and eman-
cipatory practice (Cabello & Geelan, 2024). Emancipatory actions involve self-knowledge
and reflection on the causes of phenomena and effects of one's own and others' lives, and
a commitment to questioning normally unquestioned power structures, and empowerment
through the critique of static ideologies (Geelan, 1996).

In this article, we present a dialogic analysis of two sets of artefacts of teacher professional
learning in two different contexts, Chile and the United States (US), to better understand how
some of these entanglements are described by science teachers when learning to explain en-
vironmental crises. This work is based on horizontal dialogue between perspectives from the
Global South and North about preparing teachers to engage in critical teaching. Specifically,
we share creative ways to engage teachers at different stages of their careers and in diverse
contexts. Our dialogic approach across our contexts also helped us refine orientations for
feedback on teacher practice about their explanations regarding environmental crises.

THEORETICAL FRAMEWORK

To frame our analysis of teachers' explanations of the environmental crisis, we begin with
the challenges inherent in teaching towards climate and environmental justice in school
science. Then, we draw on literature about teachers' explanations to consider how they
might factor into addressing these challenges. This implies designing opportunities for
teacher professional learning that deviate from conventional approaches to science teacher
education and professional development, which we describe in the final subsection here.
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Climate and environmental justice in school science

CCSE is most often situated in school science. However, compared with other contexts
where CCSE occurs, science classes are less likely to address issues of justice (McGregor &
Christie, 2021; Trott et al., 2023). Justice-oriented CCSE is constrained by policies, learning
standards, curricula, and teachers' beliefs that divorce scientific phenomena from their
socio-political contexts (Clark et al., 2020; McGregor & Christie, 2021; Rushton et al., 2025).
For teachers to emphasise justice in CCSE, they must recontextualise science to address
the tensions inherent in climate and environmental justice education.

While racial capitalism and colonialism are not topics typically broached in science class-
rooms, there is growing consensus that any thorough explanation of climate and environ-
mental justice connects the dots between these systems of domination, extractive industry,
and scientific enterprise (Clark, 2024; Gandolfi, 2025a; Rushton et al., 2025; Sezen-Barrie
et al., 2025). In addition to understanding the roots of the triple planetary crisis, analysing
intersecting systems of oppression is central to explaining the uneven ecological conse-
quences. This includes the asymmetrical distribution of climate impacts on vulnerable peo-
ple who have contributed least to greenhouse gas emissions (McGregor & Christie, 2021),
and the social vulnerabilities of communities marginalised by socio-spatial segregation
(Gran Castro, 2023). Therefore, climate justice education connects with human rights, re-
garding, for instance, the right to live in a safe, clean, healthy, and sustainable environment
(McGregor & Christie, 2021). Moreover, many Indigenous visions of climate justice empha-
sise the rights of more-than-human species and communities in a changing climate (McDaid
Barry et al., 2023).

The weight, complexity, and controversial character of these facets of CCSE implicate
teachers in several pedagogical tensions. For example, while CCSE research emphasises
student-centred curricula, teachers are central in driving lessons towards justice orienta-
tions (McGregor & Christie, 2021). While traditional CCSE often emphasises individual re-
sponsibility, a justice orientation pushes towards collective action (Clark, 2024). Another
tension is the importance of focusing on local environmental justice concerns even as the
triple planetary crisis must be understood in a global context (Rushton et al., 2025). Indeed,
the extractive relationship established by the Global North in the Global South is a key driver
and fundamental justice consideration (Gandolfi, 2025a).

Tension also exists between posing problems for students to consider and prompting
students to imagine possibilities (Freire, 1970; Torres-Olave et al., 2025). Specifically,
CSSE can trigger possibilities and potentials versus problems and perils (Reid, 2019), con-
sidering justice as a bridge between knowledge and action (McGregor & Christie, 2021).
Teaching to inspire and sustain hope is, therefore, one of the challenges that teachers face
in addressing ecological crises in the curriculum (Sezen-Barrie et al., 2025). While some
studies have emphasised the potential for students to feel climate anxiety or ecophobia
(e.g. Strife, 2012), others have argued, and even demonstrated, that having opportunities
to address environmental injustice in the curriculum can be a source of hope (Davis &
Schaeffer, 2019; Jadallah et al., 2025; Cabello, 2025). In critical pedagogy, hope is closely
tied to critical consciousness, where understanding how injustices have been historically
constructed enables learners to envision other possible worlds (Freire, 1994). For instance,
young activists find hope by learning to collectivise their sense of despair and act on it
as active citizens who can trigger intergenerational learning (McGregor & Christie, 2021).
Drawing on critical pedagogies, Clark (2024) created a framework for critical climate aware-
ness as a central outcome of science education. In our previous work, we have argued that
young people have a right to develop their own explanations for the current state of environ-
mental injustices (Cabello, 2025) and that teaching about grassroots victories to ameliorate
those injustices is one way to enact a collective pedagogy of hope in the face of ecological
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crisis (Morales-Doyle et al., 2025). Given that most researchers writing about climate justice
education are based in the Global North and that there are very few collaborations between
Global South and Global North author teams (Trott et al., 2023), this article, situated within
this special issue, is one humble attempt to grapple with these tensions.

Constructing teacher explanations about climate change

Teachers' explanations in science education contexts are a common teaching practice; they
are amalgams of discourse that integrate axioms, concepts, analogies, and other forms of
communication in a coherent whole to evoke learning (Geelan, 2003). Explanations can
also be seen as promoting a transmissive way of learning if the purpose is to share a static
piece of information from one to another (Kulgemeyer & Geelan, 2024). On the contrary,
considering the diverse actors' perspectives, the impacts of the topics being explained, and
more importantly, the students' voices in the explaining process can shape explanations as
a transformative teaching practice, especially in addressing controversial topics (Cabello &
Geelan, 2024). Explanations in the science classroom can engage students in inquiry and
discourse about phenomena as a dialogic approach to teaching and learning (Mercer &
Howe, 2012).

Climate change is a global problem relevant to scientific and science education communi-
ties (Hestness et al., 2017). The increase in academic publications in recent decades reflects
a worldwide interest in CCSE (Monroe et al., 2019); however, teachers are faced with teach-
ing this complex phenomenon that inherently involves significant challenges (Bhattacharya
etal.,, 2021; Lambert et al., 2012; Monroe et al., 2019). For instance, some teachers suppress
personal views due to fear of students' pushback (Hannah & Rhubart, 2020; Igu et al., 2023;
Sezen-Barrie et al., 2019), which might lead to depoliticised instruction to avoid contro-
versy, limiting opportunities for critical dialogue and developing student agency (Henderson
et al., 2024; Nation & Feldman, 2022). Teacher explanations predominantly focus on sci-
entific facts and economic priorities (Kranz et al., 2022; Lowan-Trudeau, 2022). This is an
issue because curriculum fragmentation and lack of explicit socio-political aspects in the
explanations hinder comprehensive CCSE (Dunlop & Rushton, 2022; Greer et al., 2023;
Hannah & Rhubart, 2020). Specifically, incorporating argumentation, critical discourse, and
socio-scientific issues (SSI) promotes deeper engagement with socio-political dimensions
(Mejia-Caceres & Rieckmann, 2023; Pountney, 2025; Sanchez et al., 2024), as well as in-
terdisciplinary and community-based approaches to connect global issues with local action
(Ben Zvi Assaraf et al., 2024; Fuchs, 2023; Stevenson et al., 2024).

Educators have long advocated for socio-scientific issues, including environmental con-
troversies, to be central in the science curriculum (Levinson, 2006). SSI are characterised
by their complexity, meaning explanations of SSI must necessarily consider the entangle-
ment of scientific and moral dimensions (Ke et al., 2021). Often omitted from the SSI educa-
tion literature are the explicitly political dimensions of SSI and their local manifestations in
global contexts (dos Santos, 2009). For these reasons, we advocate for defining, together
with students, social justice science issues (SJSI) to situate SSI in socio-political and his-
torical contexts (Morales-Doyle & Frausto, 2019). Building on dos Santos' (2009) assertion
that SSI are akin to Freirean generative themes, we have shown how engagement with SJSI
can contribute to students grappling with and communicating about the socio-political and
scientific complexity of issues like environmental racism (Morales-Doyle, 2017). This means
working towards explanations that go beyond simple cause-and-effect relationships, relying
not solely on scientific evidence. It also implies a rejection of a simple polar view of politics
where students consider ‘both sides’ of an issue. Instead, dealing with complexity means
developing explanations that consider uncertainty, contingencies, historical context, and the
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various ways that power and oppression shape socioecological systems. Supporting the de-
velopment of these complex explanations entails teaching strategies that incorporate partic-
ipatory methods and activities that are both meaningful and personally relevant to students
(Lombardi et al., 2017). For instance, teachers can facilitate deliberative discussions, inter-
act with scientists, and design and implement community projects, which often include civic
or socio-political engagement (Monroe et al., 2019; Frausto Aceves & Morales-Doyle, 2022).

CCSE research with teachers has focused on understanding beliefs, preparedness
and knowledge about the climate crisis and factors that influence students' learning, such
as curriculum or the length and effectiveness of professional development programmes
(Bhattacharya et al., 2021; Lombardi et al., 2017). Targeted activities might improve teacher
content knowledge, pedagogical skills, and confidence in addressing climate change ed-
ucation (Beach, 2023; Chang & Pascua, 2016; Majid et al., 2023; Matkins & Bell, 2007;
Mavuso et al.,, 2022; Monroe et al., 2019; Pruneau et al., 2010; Sihvonen et al., 2023).
Nonetheless, teacher professional development often fails to prepare them for climate
change education's political and ethical complexities (Beasy et al., 2023; Boon, 2023;
Nation & Feldman, 2022), and teachers perceive a lack of systemic support (Henderson
et al.,, 2024; Nation & Feldman, 2022; Oranga et al., 2023). Ongoing, collaborative, and
context-specific professional development is essential for transformative teacher agency
(Filippaki, 2022; Fowler, 2024; Rushton et al., 2024), and efforts must be intentionally di-
rected to support teachers in curriculum integration (Salinas et al., 2023). In sum, there is
more research needed regarding teacher learning about climate change and sustainability
issues (Beach, 2023; Hestness et al., 2017), and how we can help pre-service teachers
develop greater awareness of the ideological issues in CCSE (Goller & Rieckmann, 2022;
McGregor & Christie, 2021).

Design for teacher professional learning and feedback

Professional learning and development are ongoing in a teacher's career, from pre-
service to retirement. In the design and implementation of professional development for
science teachers along this spectrum of professional practice, professional learning is not
unidirectional; it can be situated within a more dynamic context (Luft & Hewson, 2014).
Opfer and Pedder (2011) theorise that teacher professional learning should be conceived
of as the reciprocal influencing of the teacher, the school, and the learning activity. Further,
they contend that ‘What should determine which set of activities, systems, structures, and
so on are necessary for teacher learning to occur should depend on an understanding
of the different ways that these elements interact with each other, with contexts, and with
characteristics of individual teachers’ (p. 394).

An essential resource towards addressing the different and multiple needs of science
teachers within a variety of contexts and goals in professional learning is feedback. In a
study with in-service science teachers designed to follow them twoyears after the profes-
sional learning intervention, Palmer (2011) found that increases in teacher self-efficacy were
attributed to the cognitive mastery of teaching science alongside in situ feedback. From a
‘flourishing’ perspective that also accounted for the emotions and well-being of teachers,
Harwood and Froehlich (2017) found, for instance, that seeking feedback as a professional
practice generally decreases as teachers achieve higher educational status. However, cul-
tural implications exist about how flourishing is defined, who gets put in positions to flourish,
and how feedback might be perceived as existing alongside deficits rather than strengths
(Harwood & Froehlich, 2017). Auld et al. (2013) address culture and their own ongoing pro-
fessional learning with PSTs by conceiving the back and forth of assignment(s) and feed-
back as cultural gifts (Luke, 2008). Further, they argue that when pedagogical gifts are
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shared in ‘dialogue with a critical friend as a way of attempting to improve our “ideological
becoming” we help sustain hope ‘irrespective of the challenging times that contextualise our
professional learning’ (Auld et al., 2013, p. 42).

METHODS
Research and collaboration context

This article reports on the collaborative cross-study discussions among three researchers
from two independent studies involving (1) a group of Chilean pre-service secondary science
teachers and (2) a group of experienced high school science teachers in the United States.
We engaged in critical and collaborative dialogue about these two contexts of teacher
learning, offering a different way to approach CCSE to better understand how some of these
entanglements are described by science teachers when learning to explain environmental
crises.

We followed an action-research methodology in both, which facilitated establishing com-
mon views and shared research purposes. Action-research can be generally considered
a methodology that seeks to guide action towards the transformation of the realities under
study (Lewin, 1946). Moreover, a participatory approach was adopted because it was coher-
ent with both projects that were driven by hopes of pedagogical change to address environ-
mental justice (Thiollent, 2011).

Chilean pre-service teachers (PSTs)

The context of the constructed data with Chilean PSTs was based on an action-research
design, using peer learning and feedback to explore simulated explanations about the climate
crisis in role-playing with classmates. The small groups (3-5 participants for feedback) were
configured between student teachers of physics, chemistry, and biology. The idea of discussing
with other discipline classmates their micro-lesson proposals was intended to promote a
more complex understanding of the inter and transdisciplinary needs for interactions between
knowledge fields when teaching socio-scientific issues (McLeod & Nagatsu, 2018).

At the time of sharing the datasets between authors, 13 PSTs had participated. We con-
sidered the explanatory process constructed by PSTs in the final year of teacher preparation
programmes. They belonged to two universities in Santiago, the capital of Chile and had
little contact with environmental issues and environmental education in their prior courses.
Indeed, in University 1, only biology students had two prior courses oriented towards con-
tent knowledge about vegetal and animal biodiversity. In University 2, chemistry and biology
PSTs had a course about ecology and another about ethics and citizenship. Neither univer-
sity offered environmental-related courses to physics PSTs.

Micro-lessons led by PSTs were supported by a series of podcasts produced by Valeria
Cabello and colleagues regarding science teaching for sustainability in the climate crisis and
other topics (Cabello et al., 2024). The PSTs listened to a draft version and provided feed-
back to the team, which was incorporated into a revised version of the material.

Chicago in-service teachers

The artefacts from the US context were generated by teachers participating in a collective
of secondary science teachers, scientists, community organisers, youth, and educational
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researchers who came together to support projects in Chicago chemistry classrooms that
address environmental racism. We have referred to this as a ‘more-than-teacher collective’
because it centres the work of science teachers while also deeply involving other constituency
groups who contribute to science education (Morales-Doyle et al., 2025). This is an example
of teacher solidarity co-design because we worked together to design curriculum to learn
in ways that each constituency group could not on their own (Philip et al., 2022). As part
of ongoing participatory design meetings, teachers engaged in several explanatory and
speculative writing prompts, followed by rounds of feedback, to inform the big picture of
curriculum planning. These writing prompts included writing a storyline about the problem of
heavy metal contamination in the city, writing a vision of an idealised classroom project that
addresses that problem, and writing a problem-posing letter inviting students to participate.
For this article, we analysed artefacts from the storyline writing prompt contributed by five
high school chemistry teachers with teaching experience ranging from 7 to 13years at
the time of the artefact writing. We focused on this writing prompt because the resulting
artefacts explicitly include explanations of environmental injustice, the focus of our dialogic
conversations across the Chilean—US contexts.

Global South/North solidarities

In the spirit of this special issue, we came together to learn with each other in reciprocal
and dialogic ways, focused on how teachers learn to construct explanations about complex
environmental problems. We were aware of the difficulty of integrating socio-political
dimensions into scientific explanations of the climate and environmental crisis. Our dialogic
and reciprocal approach contrasts the uneven power dynamics that characterise relationships
between the Global South and Global North generally and between our two locales, in
particular. In fact, there is a troubled history of unidirectional academic influence moving
from the US to Chile during the dictatorship that characterised Chilean politics during the
last quarter of the twentieth century and continues to have lasting impacts (Bockman, 2019).
Augusto Pinochet infamously took power in Chile in a US-backed coup of the democratically
elected Chilean government and President Salvador Allende in 1973. During Pinochet's
two-decade dictatorship in Chile, neoliberalism dominated the country's economic
transformation. This shift was influenced by a group of Chilean economists trained at the
University of Chicago and others who promoted extreme free-market ideologies. These
ideas transformed the Chilean economy when they took leadership positions, such as in
academia, creating one of the early test sites of neoliberalism (Bockman, 2019). The US-
educated reformers became known as ‘the Chicago boys’, and their policies have come to
represent how neoliberal capitalism drives inequality and the privatisation of public services.
The Chicago Boys also serve as a prominent example of how US academic institutions are
complicit in US aggression in Latin America and ideological domination around the world. In
terms of the themes of this paper, the US domination of the global economy bears a great
deal of responsibility for climate and environmental crises caused by extractive capitalism
(Klein, 2015).

In contrast, almost five decades after these geopolitical events, our collaboration has
been grounded in solidarity, mutual respect, and the fundamental assumption that we have
much to share and learn with each other across our contexts to understand environmental
problems created by extractive economies. In fact, addressing global environmental chal-
lenges requires this kind of reciprocal exchange. The three authors began working together
in 2018 during a short visit by Alejandra Frausto Aceves and Daniel Morales-Doyle to Chile.
We were initially introduced by a mutual friend and colleague who had been facilitating
grassroots exchanges between educators in our two countries who were organising against
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the overuse of high-stakes standardised testing. Our collaboration deepened when Frausto
Aceves and Morales-Doyle spent 6 months living and learning in Chile in 2024.

Consistent with these commitments, our approach to this study mirrored a horizontal
method for teaching where our methodological decisions were made in dialogue (Shor &
Freire, 1987). This approach started with identifying rich data across our two locations that
we could examine together. The research had an exploratory scope based on a collabo-
rative cross-study of two contexts. From the Chilean context, Cabello shared de-identified
versions of PSTs' explanations in peer role-playing about the climate crisis, part of a more
extensive ongoing professional learning sequence. In the US, Frausto Aceves and Morales-
Doyle shared de-identified versions of in-service teachers' storyline writing about urban
heavy metal contamination. This activity was also part of a larger professional learning
sequence. We selected these two sets of teacher artefacts for their shared emphasis on
explaining urgent ecological problems. One of the limitations of this research is that we
analysed two different types of teachers' explanations, oral versus written and produced by
teachers in diverse stages of professional development. This issue did not allow us to base
our analysis on direct comparisons of the teachers' artefacts between the two contexts.
Nonetheless, sharing the de-identified data sets allowed us to dialogue and co-construct a
common orientation, as an example of how research concerns can be reimagined as possi-
bilities when typical barriers are challenged.

Although the joint analysis of oral explanations from one context and written explana-
tions can be considered a limitation in the study, our goal was not a direct comparison. Oral
communication of scientific concepts enables direct, spontaneous interaction with paralin-
guistic elements, whereas written communication is more static and requires more planning
(Castarieda et al., 2024). This difference relates to students where different modes differ-
entially support learning. For instance, Lachner and colleagues (2018) found that providing
written explanations was more effective than giving oral explanations in helping students to
organise the content of the explanations, and generating oral explanations was more benefi-
cial to developing transferable knowledge. Nonetheless, in teacher education, the difference
is minimised when working with simulations of (or precursors to) classroom explanations, in
our case, with in-service and pre-service teachers, because both groups prepared a plan for
their explanation. Likewise, the analysis did not consider the paralinguistic and interactional
elements, which are the dimensions that vary the most between oral and written modes.
Still, rather than a direct comparison, our research purpose was to identify generative fea-
tures of the professional learning activities and refine orientations for providing teachers with
feedback.

When presenting our respective data sets to each other, Cabello shared a few orienta-
tions for the practice of constructing explanations that she and her collaborators in Chile
developed as part of formative peer feedback between the PSTs. Considering the difficul-
ties in integrating the social aspects of climate change explanations for this group, these
orientations were: the presence of a controversy or controversial aspect in the explanation;
including implications and/or consequences of the phenomena, and the value of question-
ing or criticising diverse aspects of socio-scientific themes and identifying the social actors,
entities or other people involved (Table 1).

Similarly, Frausto Aceves and Morales-Doyle presented a set of tensions that guided
their work with in-service teachers, including tensions between posing problems and
imagining possibilities, focusing on disciplinary concepts and real-world contexts, and les-
sons that are teacher-driven versus student-centred. Given our transnational dialogic ap-
proach, we added a fourth tension — between a local and global framing of environmental
concerns. Together, we decided to begin coding across the two data sets by positioning
teachers' explanations using Cabello's initial orientations and these four sets of tensions
as codes.

85U80|7 SUOWIWIOD BAIea1D) 3|qedl|dde 8y} Aq peusenob ke sajo1e WO ‘88N JOSa|nJ 10} Afiqi8UlUO AB]1M UO (SUORIPUCD-PUR-SWLBHLIOD A8 1M ALq 1 BUI|UO//SANU) SUORIPUOD PUe WIS | 8U} 885 *[5202/2T/6T] Uo A%iqiT auljuo A8|im ‘2oueld aueiyooD Aq 8200, 1190/200T OT/I0p/w0o A8 | mAselq 1 puluo'S feuno -eeq)/sdiy wouy papeojumoq ‘0 ‘8TSE69YT



v | BERJ

CABELLO ET AL.

TABLE 1

Controversy

1. Raise a controversy.

2. Invite students to identify

and develop arguments about a
controversy through discussion,
deliberation, debate, or dialogue

3. Express values of respect and
listen actively to diverse visions or
forms of knowledge (intercultural,
ancestral, different from one's own)

Initial three orientations for analysing PSTs' explanations.

Implications

1. Explain the phenomenon only
from its causes, not in relation to its
implications and consequences

2. Express the phenomenon's
consequences in natural, social,
cultural, and environmental contexts
3. Promote a critical stance or
discussion among students about
the causes and consequences of
phenomena

Questioning

1. Questions do not
explicitly invite further
questioning or critique
2. Express or incite
questions that invite
further questioning of
socio-scientific themes
3. Questions permit the
identification of social
actors, entities, and/

or people to promote
comprehension of socio-
scientific issues

1 Students on the Southeast side of Chicago are most concerned with lead in their water. Since 1 re most concerned with lead in their water. Since
2 the last CPS lead testing was back in 2016, many students have been inspired to test theirown | 2 the last CPS lead testing was back in 2016, many students have been inspired t

3 water at home for lead, however this isn't easily accessible, Although the city of Chicago offers | 3 r lead, however this isn't easily accessible, Although the city of Chicago offers
4 free water testing kits for the home, students want to be able to see the results and how this 4 free water testing kits for the home, students want to be able to see the results and how this

5 testing is being handled. They want to see the methods and processes involved when it comes | 5 testing is being handled. They want to see the methods and processes involved when it comes
6  to testing for lead contamination. They want to feel the equipment and be part of the process. | 6  to testing for lead contamination. They want to feel the equipment and be part of the process.
7 They want to own this work. In order for our students to be able to completely own this work, 7 They want to own this work. In order for our students to be able to completely own this work,

8 they'd have to plan their own investigation of this with their own variables and their own 8 they'd have to plan their own investigation of this with their own variables and their own

9 methods and procedures. 9 methods and procedures.

Distribution of codes for Chicago teacher's storyline

100% questions
I implications

controversy
75%

50%
25% ‘l |
0%
[
£

Example of fine-grained textual analysis.

individual-collective

student-teacher

sci concept-real world

problem-possibility
B local-global

FIGURE 1

Each researcher coded for both the orientations and the tensions separately. Figure 1
presents an example of the fine-grained analysis of each explanation narrative that
shaped our dialogues. In this illustrative example, after coding an artefact line by line,
Frausto Aceves brought both orientation and tension codes together to discuss her cod-
ing with the group. Shown on the top left is an excerpt, lines 1 through 9, of an in-service
Chicago teacher's artefact. The first six lines were coded with a controversy orientation.
On the right of that are the same nine lines coded for tensions. Beneath both, a visual
was created by Frausto Aceves to overlap both orientations and tensions in preparation
for the group sense making. After each researcher coded, we confirmed our coding dia-
logically and shared some emerging insights. For instance, as we looked across the two
data sets, we began noticing how questions, one of three focal orientations, surfaced with
the tensions of problem/possibilities and the tension of science concepts and real-world
issues. We also noticed how the tension of orienting the explanation towards discipline
and inter/transdisciplinary showed up alongside controversy in both the PSTs' and in-
service teachers' artefacts. This noticing led to the expansion of both the orientations
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and the tensions. Through our discussion, a new individual and collective/social tension
was elevated. Additionally, as shared in the findings below, a fourth level of complexity
emerged as the tensions were situated within the orientations for practice as shown in
Table 2. In this process of dialogic analysis, we shared insights and concerns about how
teachers learn to explain ecological topics. The categorisation and interpretation of the
data were the main techniques (Thiollent, 2011). The trustworthiness of the analysis was
established by dialogue, trust, and agreement between the three authors.

Through our dialogic analysis of these teacher artefacts, we were able to exchange strat-
egies tailored to our distinct educational contexts, fostering early professional development
between peers and promoting collaborative practices among in-service teachers and di-
verse stakeholders regarding environmental problems. This analytical process was the most
suitable in epistemological terms, because we avoided the truth monopolisation and con-
ceived it as an open position, with no imposition of pre-determined procedures but emergent
from a dialogue between people with diverse knowledge (Thiollent, 2011).

FINDINGS

In this section, we identify features of professional development activities that emerged as
generative and synergies that we found between our work, contributing to redefining the tools
for the analytical framework. We illustrate the salience of these professional development
activities and synergies between our methods with examples from teachers' explanation
artefacts.

Professional learning activities

Professional learning towards addressing climate justice in the classroom represented
a challenge for the participants in both contexts. Teachers' work from each context was
sophisticated and yet illustrated the difficulty of attending to socio-political aspects of climate
and environmental crisis within scientific explanations. Our dialogic analysis of teacher
artefacts provided an opportunity for us to share strategies that worked in our different
contexts to support early professionalism between peers (Chile) and in-service teacher
collaborative activities with diverse actors (US).

We focus on explanations that the content of the climate crisis podcast (Chile) and the
storyline writing prompt (US) might influence. The topics covered in the podcast for the
Chilean PSTs were myths about the climate crisis, the differences between natural phe-
nomena and socio-natural disasters, the role of human rights, eco-injustices, energy pov-
erty, and interdisciplinary teaching methods. What is notable about these topics is that they
provided openings for teachers without extensive coursework about ecological issues to
consider the socio-political causes and implications. In the collective of teachers in the US,
we began a day-long check-in co-design meeting in the middle of the third school year of
working together with the following writing prompt:

Write a description of the problem of heavy metal contamination in Chicago.
Explain the associated chemistry that is most important to understand. Reflect
on how learning this chemistry might raise awareness, spark critical conscious-
ness, inspire hope, and/or inform action.

What is notable about this prompt is that it explicitly asks teachers to attend to key content
(‘associated chemistry that is most important to understand’) and to socio-political context,
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including goals of ‘rais[ing] awareness, spark[ing] critical consciousness, inspir[ing] hope, and/
or inform[ing] action’. Indeed, we note how the prompt asks for both problem and possibility
framed in a local setting, but not excluding the broader context. In this way, both tasks ask
teachers to address and extend from the scientific explanation into the socio-political context, a
key feature of justice-oriented CCSE (Sezen-Barrie et al., 2025).

Our analysis showed that the podcasts and storyline writing prompt supported teachers
in each context to address socio-political considerations in their explanations about envi-
ronmental crises. One common way for teachers to do this was by considering the entan-
glement of science and industry in creating these crises. For example, a PST in Chile led
the following discussion with their colleagues after they listened to the podcasts on climate
crisis, sustainability, and human rights:

PST: Why are we talking about an increase in CO, in the greenhouse effect or in the
atmosphere?

Colleague (playing the role of a student): Because there is an increase in CO,...

PST: Yes?

Colleague: ...for the high levels of emissions that they generate, like...

PST: Perfect.

Colleague: ...based on the industrial system.

PST: Industrial system, yes, very good, right? But in talking about carbon footprints, we are
going to associate any emission that we could have, from the personal level to the indus-
trial level. Right? That is about the carbon footprint, right?

In this brief exchange during a microteaching experience, a line of questioning by a PST
leads one of their colleagues (playing the role of a student) to raise the ‘industrial system’
as the source of high levels of greenhouse gases. The PST connects this back to carbon
footprints, explaining how their consideration of the carbon footprint will include micro con-
tributions on the individual level all the way up to industrial factors. This exchange avoids a
common pitfall of teaching about the climate crisis and environmental degradation, where
students are prompted to focus only or primarily on their individual contributions to the prob-
lem. While the industrial system is not linked here with systems of racial capitalism or co-
lonialism, there is an opening created by the systemic thinking. As pre-service teachers
working together in Chile, where the economy has been heavily dependent on the extractive
industry, we see opportunities for this co-constructed explanation to consider broader socio-
political contexts more explicitly. Similarly, a teacher in the US wrote about the industrial
history of their city as being responsible for the issue of heavy metal contamination, as is
presented in the following excerpt:

Chicago is historically an industrial city. The human incorporation of heavy met-
als like lead into products that people use/or historically have used has created
contamination in soil, water, air, and many buildings and consumer products that
are still used today. We are often exposed unknowingly to these metals by com-
panies/governments that are claiming to keep us safe. Exposure to these metals
varies from pipes and old paint to pollution and consumer products like some
children's juices and cosmetics. Impacts are often felt most heavily on young
children whose development can be compromised. There is also an important
component, especially in Chicago, around environmental racism and who we
value and prioritise.

In this explanation, written by an experienced teacher, we see a counterpoint to another
common pitfall of CCSE, which does not consider justice, that is, a failure to address how
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the impacts of these problems are experienced in unequal ways across intersectional so-
cial categories like age, race, and gender (Morales-Doyle et al., 2019). Here, the teacher's
explanation of the issue of heavy metal contamination begins with the role of industry and
emphasises the vulnerability of young children and the role of environmental racism in the
unequal distribution of the impacts of this problem. We do not attribute these features of the
teachers' explanations to the podcast or the writing prompt in isolation. Instead, we highlight
how, within a broader plan for teacher learning and within a community of practice that explic-
itly valued climate and environmental justice, these features supported teachers' inclusion of
these ideas alongside canonical scientific concepts in their explanations in ways that do not
shy from controversy. This is visible in the previous excerpts and more explicit in those that
follow. Across both contexts, teachers connected environmental catastrophes with extractive
capitalist production in historical contexts. In these same examples, teachers also consid-
ered or implied how pathways forward must consider knowledge systems other than science.
Again, without inferring causation or trying to make direct comparisons, we see congruity
between the podcast content and writing prompts in the ways in which teachers expanded
beyond scientific ideas in their explanations. The following exchange illustrates one way in
which Chilean PST dealt with these themes:

PST: The production increased... the production increased. And, together with the increase
in production, the existence of businesses that used carbon as a source of energy also in-
creased, and that generated lots of greenhouse gases. And, at the key moment when the
Industrial Revolution began, we saw an exponential increase in the average temperature.
The Earth always passes through cycles of temperature that will increase and decrease,
and that is natural; it is normal. But, when, for the impact of humans, this is seen to ac-
celerate, the problems start. Now, what do you all think that we can do to prevent, at the
root, this increase in the temperature of the Earth that we were talking about?

Colleague: it's not enough to get the gas out of here, teacher?

PST: What do you think? How is it that if companies stop producing, the gas will leave imme-
diately? But will it go naturally, or is there some process that must happen?

Colleague: | don't know, teacher. | don't know for sure.

PST: Look, if we get rid of the businesses, it could be some benefit, but we would also have
to see how we can eliminate the greenhouse gases, and for that, there is a natural pro-
cess called photosynthesis that can help us to trap the carbon dioxide, that businesses
can generate, in the plants and liberate oxygen. Do you have any questions? Now, |
would like for us to think about it: should this be done only with sciences, or do you all
think that other areas can intervene in the discussion of climate change?

At the beginning of this short discussion, the PST begins the explanation with the increase
in capitalist production facilitated by the Industrial Revolution as the underlying cause of the
rise in greenhouse gases, which is the disciplinary explanation for climate change. They
do not place the Industrial Revolution in broader contexts of Euro-American colonialism or
racial capitalism. But they do implicitly lean into the present political context by including a
reference to one of the common fallacies used by climate deniers (natural cycles of Earth's
temperature) before shifting the focus to what can be done to prevent further increases.
When their line of questioning did not solicit much participation from their colleagues, this
PST first referenced another canonical scientific idea, photosynthesis, as a way for remov-
ing carbon dioxide from the atmosphere before shifting to ask whether areas besides the
sciences might be helpful in addressing climate change.

An excerpt from a US teacher's storyline writing weaves together an extractive economy
and overwhelming pollution with atomic properties, transportation, worker safety, and resi-
dential segregation:
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Raw materials were brought in, which, at the root of their atomic properties, proved
cost-effective to work with but, at the same time, deadly to the worker. These raw
materials, which were transported via the network of roads and rail, which divided
(instead of unified) a city, not only poisoned the people's bodies from within but
also their minds as they provided outlets for easy separation and segregation
of classes and groups of people. Today, many of these systems remain, and al-
though industry may have changed, laws may have changed, thoughts may have
changed, the contamination remains like a stain that cannot be washed out.

In this segment of writing, the teacher alludes to toxic metals like lead and mercury that con-
tinue to be used for their advantageous properties even as their toxicity has caused immea-
surable damage to the health of workers who mined, handled, and processed them and to
surrounding environments and the people and other beings who live there. In referring to trans-
portation networks dividing a city, the teacher is describing how the construction of railways
and highways served to literally concretise lines of residential racial segregation that undergird
environmental racism in many cities around the world. There is even a reference to the racist
ideology of segregation as metaphorically toxic. In lamenting the persistence of these pollutants
in the last line, this teacher alludes to the tensions of “acting in a permanently polluted world”
(Liboiron et al., 2018). In our analysis of this segment, in light of the focus of this article, we also
noticed a missed opportunity for global connections and international solidarities to be part of
the storyline. In the present context, many of the raw materials that fuel rampant consumption
in the Global North are extracted in the Global South, to the detriment of ecological conditions
there (Gandolfi, 2025b). Our dialogic approach inspired us to learn from each other's activities
for teacher professional development related to explaining the triple planetary crisis in science
class. Specifically, examples shared here pointed us to possibilities for pushing teachers to
elaborate the role of extractive North—South relations in their explanations, thus opening space
for solidarities. Noticing opportunities for expansion or connection like this in many of the teach-
ers' explanations prompted us to consider how we might learn from each other to provide feed-
back capable of pushing teachers' explanations further, at any stage of their careers.

Expanded orientations for feedback on teacher practice

Our data — including the excerpts of teachers' explanations presented in the previous
subsection — showed substantial evidence of sophistication and a willingness to push beyond
the norms of science education to deal with environmental and climate justice issues. It also
provided a glimpse into how these teachers worked to make sense of complex themes and
phenomena as preparation for engaging their students with the same. As teacher educators,
we were challenged by reviewing these explanations to provide the kind of feedback that
could support teachers across a range of experiences, contexts, and criticality as they
continue to refine and expand explanations like these. To that end, we noticed an opportunity
to add a fourth dimension to the orientations for practice from Cabello's research group
by incorporating the tensions articulated in professional development settings by Frausto
Aceves and Morales-Doyle. Table 2 shows the fourth dimension added to the orientations
introduced in Table 1.

The fourth dimension of orientations to controversy explicitly names consideration of
transdisciplinary knowledge and multiple viewpoints (including local and global perspec-
tives) in developing nuanced introductions of controversies in science classes. The fourth
dimension of orientations to implications of the climate crisis prompts teachers to normalise
socio-political engagement among youth and adults as individuals capable of contributing to
broader collective goals and movements. The fourth dimension of orientations to questioning
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encourages prompting students to move back and forth between canonical scientific con-
cepts and real-world controversies and to imagine possibilities and even take action to move
towards those possibilities.

Taken together, we view the fourth dimension of these orientations as encouraging teach-
ers to develop explanations of complex and potentially overwhelming environmental and
climate justice issues that could reflect pedagogies of hope and engagement. For example,
Chilean PSTs had this exchange:

PST: Now, what can we do to address the climate crisis? Do you all have any ideas? For
example, for many people there is a myth that says that the climate crisis is so, so big that
we can't do anything to confront it. What do you all think about that? Is this myth true?
What do you all believe? Is it true or not?

Colleague: Maybe one person can't stop it— many people. Maybe not me, maybe us.

PST: Yes — perfect.

Colleague: Yes, | believe that by taking action and contributing, like they say, their fair share,
they can make a slightly stronger change that can counteract what is happening.

This exchange reflects a turn towards hope and engagement that is based on collectivity
rather than changing individual behaviours. A similar spirit of collectivity was reflected in an
excerpt from a story written by a US teacher about the curriculum the group was developing
together.

| think this unit inspires hope because it reveals complex structures that are
often hidden — while learning science that may allow solutions and safety to be
prioritised. It has also been seeing students share their vision of how the world
should work, what changes need to be made, and how we as humans should
live together with each other and the Earth.
Hope is connected with critical consciousness by emphasising teaching about ‘complex struc-
tures that are often hidden'. It also connects teaching about climate and environmental justice
by providing space for students to imagine alternative possibilities for human relationships with
each other and the Earth.

DISCUSSION AND IMPLICATIONS

Formal schooling mostly occurs in local contexts, and at the secondary level, is organised
mainly by disciplines. In this paradigm, CSSE happens mostly in science classrooms but
does not often include explicit climate and environmental justice orientations (Rushton
et al., 2025; Trott et al., 2023). These justice orientations imply locating the triple planetary
crisis in political and historical contexts of colonialism, racial capitalism, and extractive
industry, which have created vastly unequal consequences in the Global North and Global
South (Clark, 2024; Gandolfi, 2025a; Sezen-Barrie et al., 2025). Therefore, if justice-
oriented CSSE is to happen in our schools, science teachers must develop the ability to
explain complex socioecological phenomena in historical, political, and global contexts.

Learning to orient towards justice through reciprocal South—North
dialogue

The history between Santiago de Chile and Chicago in the United States of America is marked
by a historically uneven relationship of neoliberal academic influence. Elsewhere, we have
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written that good intentions will not lead us to the ethical and just worlds we deserve. Our will
must be fortified with practice and humility to build pluralistic solidarity communities (Morales-
Doyle et al., 2025; Tolbert et al., 2023). Thus, we saw an opportunity to restore dialogues in the
frame of science teachers' professional learning. We aimed to learn together about developing
transdisciplinary pedagogies of hope to contribute, through science education, to a just
transition from extractive to more sustainable, circular, and just economies. In this article, we
adopted horizontal dialogue that recognises the problematic historical relationship between our
nation-states and between scientific enterprise and extractive industries.

Therefore, we used a dialogic process of analysing artefacts produced by secondary sci-
ence teachers in Chile and the US in professional learning settings that were quite different.
We did not compare apples to oranges to make universal claims. Instead, we sought to take
small steps together, imagining imperfectly and researching with humility to make a road by
walking (Freire & Horton, 1990). Rather than limit collaboration across the Global South and
Global North to perfectly aligned projects or data sets, we suggest that these sorts of small
moves are valuable. We learned from each other about innovative activities for supporting
teachers' construction of explanations and identified synergies between aspects of these
explanations and the inherent tensions of this pedagogical work. We used these synergies
to refine our orientations towards practice, which we anticipate will be useful in providing
teachers with feedback and promoting feedback between them using these orientations that
motivate addressing controversy (Henderson et al., 2024; Nation & Feldman, 2022), multiple
actors, community-driven approaches to connect global issues with individual action (Ben
Zvi Assaraf et al., 2024; Fuchs, 2023; Stevenson et al., 2024) and questions that promote
hope and agency (Sihvonen et al., 2023). Following Freire (1994), we understand that hope
emerges when learners are aware of how injustices have historically been constructed,
allowing them to see how other worlds are possible. Feedback orientations, particularly in
the fourth dimension of our orientations, ‘Implications’, aim to make visible socio-political
engagement not as an isolated individual action, but as a contribution to broader collective
movements. This connects with the argument that teaching about grassroots victories to
improve environmental injustices is a way to promote collective pedagogies of hope.

The teachers' explanations we analysed across both contexts showed sophisticated
thinking and a willingness to raise controversies around extractive industries, discuss the
implications of unjust environmental impacts, and ask questions about historical contexts.
The development of critical climate awareness (Clark, 2024) requires more than the under-
standing of scientific concepts; it involves analysing intersectional systems of oppression
and their unequal ecological consequences. Our expanded orientations provide scaffold-
ing for teachers and their students to develop this kind of awareness, relying, for example,
on mutual support through peer feedback and considering pedagogy as a gift (Luke, 2008).
By sharing the activities which prompted these explanations, we as authors also learned
new creative approaches for seeding complex teacher explanations about socioecological
crisis. At the same time, teachers in neither context explicitly mentioned global systems
of oppression like colonialism or racial capitalism nor did they make connections between
Global North and Global South contexts that characterise extractive industry and the un-
even implications of planetary crisis. This suggests further research that draws more atten-
tion to these themes, as well as in our work with science teachers at the pre-service and
in-service stages. One possibility for enhancing this aspect of our work is to create oppor-
tunities for science teachers to dialogue with each other and co-construct explanations for
the triple planetary crisis across contexts, like Chicago and Santiago. We encourage new
research exploring international dialogues and feedback with teachers collaborating from
the Global South and North, for instance, in online international PD groups connecting
diverse contexts and trajectories. This idea might serve as a practical orientation and/or
research possibility.
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Our dialogic approach also helped us to identify synergy in our existing work that will en-
courage us to move forward in our local contexts. Throughout the learning artefacts we have
presented here, it was clear that including social justice and environmental equity dimen-
sions was crucial for the participants, which are in tension in the normative curriculum (Pérez-
Rodriguez et al., 2024). Thus, this call cannot be answered only by teachers but also by
policymakers (Rushton et al., 2025), for instance, in national frameworks for teacher prepara-
tion. The PSTs moved from the classical explanations about causes and effects, descriptions
and justifications towards discursive practices that are not teacher-directed or presented as
a static artefact with dialogic utterances of multiple facets, points of view and impacts. They
show us essentially learning to communicate pathways (Geelan, 1996). Therefore, rather than
asking teachers and students to construct explanations of decontextualised phenomena or
depoliticised socio-scientific issues (SSI), justice-oriented CCSE might begin by explicitly de-
fining social justice science issues or SJSI (Tolbert et al., 2023; Morales-Doyle, 2017). This
approach resonates with the possibility for supporting classroom explanations as a libera-
tory practice that builds on young people's own analysis of socioecological crises (Cabello &
Geelan, 2024; Cabello, 2025). It involves not considering ‘both sides’ of an issue, but rather
developing explanations that consider uncertainty, contingencies, historical context, and the
various ways in which power and oppression shape social-ecological systems.

Possibilities for peer feedback towards just explanations in CSSE

Indeed, we have proposed an analytical framework to approach science teachers' explana-
tions that expands the way of analysing this common teaching practice, which might have
been traditionally considered transmissive and hierarchical (Kulgemeyer & Geelan, 2024).
This framework directly addresses some of the pedagogical tensions identified in the
CCSE literature (Clark, 2024; McGregor & Christie, 2021). For example, local—global ten-
sion awareness might help construct teacher explanations about climate and environmen-
tal crises by enhancing the incorporation of multiple level and geographic perspectives.
Likewise, by inquiring about explanations as a science teachers' core practice, we intend
to re-centre equity and justice in teacher—student dialogic discourse (Philip et al., 2019).
Specifically with respect to the triple planetary crisis, we see opportunities to move teach-
ers towards critical climate awareness (Clark, 2024) about the ftriple planetary crisis
(Gandolfi, 2025a; Rushton et al., 2025) in ways that match the political clarity of activists
(McGregor & Christie, 2021).

We see peer feedback on explanations of the ecological crisis as a key strategy for this
movement. Opfer and Pedder (2011) theorise that teacher professional learning should be
conceived of as the reciprocal influencing of the teachers, the school, and the learning
activities. The analytical framework we have advanced here, with a fourth dimension that
emerged from our dialogue, can serve in the practice for reframing explanations about the
complexities of teaching the climate crisis, including a perspective of social justice, global
citizenship, the ethics of belonging to this world, and responsibility in a geopolitical context.
Thus, it can become an adaptable set of orientations to guide teachers' noticing, a prompt
to think differently between peers and a tool for formative feedback. Sharing the complexi-
ties of teaching SJSI with peers and other actors could be a nurturing process if addressed
with respect, consideration and humility. This is an example of how we can help pre-service
(and experienced) teachers develop greater awareness of the ideological issues in CCSE
(Goller & Rieckmann, 2022; McGregor & Christie, 2021). Teachers in different career stages
or trajectories of development can support transdisciplinary approaches and open spaces
of hope that transcend the barriers of dominance between junior and senior colleagues, so-
cial or human environmental sciences versus physical sciences, or the dichotomy between
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the global North and South (Rodrigues et al., 2020). Moreover, teachers are challenged to
consider and confront the entanglements of epistemic, economic, and political power in their
local manifestations and global contexts (Gandolfi, 2024).

As Rushton et al. (2025) point out, this transformation cannot be left solely to teach-
ers, but requires changes in education policies and national curricular frameworks. Teacher
preparation frameworks should explicitly include competencies to address justice-oriented
CCSE, recognising that the artificial disconnection between scientific phenomena and their
socio-political contexts (Clark et al., 2020) must be challenged in both teacher education
and curriculum standards so that they permeate the classrooms of the present and future.
We emphasise supporting the development of pedagogies of hope, continuous teacher pro-
fessional development, and peer collaboration. This is a collective endeavour in which activ-
ists, educational communities, academics, and diverse stakeholders must participate.
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