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Abstract

Climate change is arguably a complex issue that is affecting different forms and
aspects of life on Earth. Climate change challenges manifest as ‘wicked problems’.
They also manifest as development concerns impacting socio-ecological systems
through extreme weather events that include tornados, severe storms and ensuing
floods, high temperatures and droughts. This requires inclusive and holistic
knowledge of climate change and its relationship to other development concerns,
such as those represented by the Sustainable Development Goals (SDGs). This way
of coming to understand climate change can potentially assist students to develop
capacity for addressing locally experienced climate change risks and impacts. In
the past, [ taught climate change, biodiversity, and Sustainable Development Goals
(SDGs) in isolation which tended to make students see these as isolated rather than
relational concepts. This enquiry into my own teaching and mediation practice,
seeks to respond to this problem.

This articleis constituted as a qualitative reflective analysis by me, a teacher educator,
who explored some classroom activities on how SDGs can be used in an integrative
way to advance climate change education. Document analysis of teaching notes on
PowerPoint, lesson recordings, and my reflective diary used during the teaching
process, constituted the main sources of data for generating a narrative description
of the teaching experiences of using a ‘flipped classroom’. I used socio-cultural theory
of mediation to reflect on the mediation process catalysed through the flipped
classroom design. The study showed that it is possible to start off with developing
understanding of the relationships between SDG13 (Climate Action), biodiversity
(SDGs 14 and 15) and other SDGs by helping students to relate prevailing climate
science to their own environment and development experiences as a precursor to
integrate and understand the other SDGs. An integrative learning framework that
has potential to mediate effective learning for two progressive zones of proximal
development is suggested.
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Introduction

I work as a teacher educator responsible for teaching biodiversity, amongst other subjects,
to Bachelor of Education Honours students. This study arose from my exploratory
experiences of teaching biodiversity, which constitutes one of the two topics of an Honours
in Biological Sciences Education course. Climatic conditions, and increasingly the impacts
of climate change influence biodiversity due to the effect of climate conditions generally,
and the effect of climate changes specifically on the conditions that affect life on Earth
(Ahlonsou et al., 2018). Developing such understanding is important for students who
are preparing to teach these topics to learners in schools. It is important to develop this
knowledge because the IPCC (2023) reports that the human and ecosystem vulnerability
are interdependent. Further, the irreversible climate change driven losses, in terrestrial,
freshwater, cryospheric, and coastal and open ocean ecosystems, cause local loss of species.

Biodiversity is intricately linked with other sustainability concerns that affect ecosystem
and human well-being as shown by the Millenium Ecosystem Assessment (MEA, 2005). A
web of relationships including the web of human practices make up life on Earth. When
considered in relation to climate and climate change, the conceptual landscape is complex
as the term ‘climate’ is applied to average weather patterns and slight changes when they
are observed over a period and a certain area. While climate is defined by climate science,
it is influenced by time, space as well as periods such as seasons and years. Climate Change
Science brings a new dimension to climate science. The IPCC (2023) defines climate change
as changes to the climate and earth system evident over periods of 30 years or more, with
evidence of such changes being traced to anthropogenic causes, linking climate science to
development concerns more broadly, especially carbon-based development trajectories that
characterise modern industrial societies (IPCC, 2023).

According to Koonin (2021), the notion of climate is more complicated than what is
known, is assumed to be known, and in the public knowledge domain. Climate change
science is often politicised as there are strong carbon-related economic interests at play,
making this a contested knowledge arena with issues such as denialism arising in the socio-
political sphere (Fleming et al., 2014). Here, different and often contradictory perspectives
seek to dominate and influence policy and funding. This article acknowledges that there
may be paucity in the perceived knowledge of climate science, and it also recognises climate
change science as being politically complex. Also, the relational impacts and effects of
climate change are not always fully known or identified, although there is a substantive
body of research emerging which is, for example, confirming that climate change has an
impact on biodiversity (IPBES, 2021; IPCC, 2023; Habibullah et al., 2022; Nunez et al.,
2019; Sinatayehu, 2018). Hence, an approach to climate change education needs to be both
clear on what is known and remain more open-ended and inclusive of what is not known,
while recognising associated uncertainties associated with climate change science, and its
emergence. At the core is also a need to develop climate change education as a relational
concept that provides opportunities for learners to deliberate and evaluate disparate
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discourses as the basis for transformative action. Since climate change is known to be
related to other key concepts such as biodiversity, education can also support students to
make sense of this complexity in their own contexts. Perwitasari, Hariyono and Susantini
(2023) have asserted that implementation of ESD climate change learning is crucial for
learners to understand, develop skills and ongoing awareness of climate change. This study
sought to explore one approach to developing a more holistic understanding of climate
change and how it relates to other Sustainable Development Goals (SDGs).

The course and activities in question did not seek to interrogate the depths of
inadequacies of climate science knowledge and depended on prevailing knowledge but noted
climate change as a wicked problem due to the uncertainties that it presents. The notion of
climate and ensuing climate change as presented in the lessons under discussion below, was
viewed as an open system that would not obey simple cause and effect rules. The best way
of mediating this to Bachelor of Education Honours students, in my view, was to approach
climate change as a wicked problem, while also sharing with them the existing certainties
and uncertainties of science and encouraging them to relate their understandings to own
contexts and experiences, while expanding their existing knowledge and experience.

Rittel and Webber (1973) define a wicked problem as one that is multifaceted with
influencing factors poorly known and understood, as happens in open systems. My strategy
to approach this, was to teach the topic of climate change as a wicked problem, by relating
it to biodiversity and other concerns through the SDGs, and by encouraging students to
deliberate the concerns contextually while expanding their knowledge through readings,
presentations, YouTube videos and co-engagement in the course.

Through this process students were facilitated to discern the relationships between
SDG13 (Climate Action) and the other SDGs, with particular focus on the implications
of climate and climate change on biodiversity SDGs (SDGs 14 and 15). The hope was to
develop knowledge that the students can use to understand and to interrogate existing
narratives and to challenge themselves to derive alternative and more holistic responses
to climate change, and in so doing respond to the problems that are associated with loss of
biodiversity and impacts of climate change. The specific aims of the course on the topic of
biodiversity that guided the teaching practices in question are:

By the end of the course, the students should be able to:

8 describe the concept of biodiversity and its key component concepts

" explain why biological diversity is important

B describe the threats to biological diversity

B suggest appropriate actions needed to protect and restore biological diversity in the South
African contexts

||

relate biodiversity to other notions such as sustainable development
" describe the notion of Climate Change, adaptation and mitigation
®  relate the notions of biodiversity and climate change
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B suggest effective ways to teach biodiversity and climate change in the South African
context
B suggest ways to effectively and innovatively assess for biodiversity and climate change

(highlighted to show my emphasis)

Thelast five bullets of the specificaims point to the intention of the lesson processes reflected
on in this article as they formed part of a larger course that addressed all of the above. The
highlighted bullets above recognise the intricate relationship between climate change and
other sustainable development concerns, particularly biodiversity. They, however, do not
suggest a feasible approach to develop the knowledge and associated competences. This
article therefore focuses on the mediation process, showing how I, as teacher educator
concerned with mediation of such complex relational issues (discussed above), led the
process of teaching this topic while relating it to other development concerns. As indicated
above, my intention was to illustrate to students how intricately linked climate change and
biodiversity are to other biophysical and social concerns, through the conceptual tool of
the SDGs, and through contextual linkages during the deliberations. The lesson process
involved using a ‘flipped classroom’.

To develop students’ knowledge of the topic, I used a pedagogical strategy known as ‘the
flipped classroom’. Verma et al. (2021) describe the flipped classroom as a reversed classroom
where learners develop content knowledge from outside the classroom. Verma et al. (2021)
further suggested that the knowledge development materials are shared with students as
take-home tasks, giving students greater responsibility for their learning. Flipped learning
which emerges from the flipped classroom approach defines the learning through students
engaging with learning materials outside the classroom. The contact time is used to deepen
the content as it focuses on involving students in collaborative, interactive learning and
authentic learning experiences, instead of the traditional transmission of knowledge.

According to Al-Samarraie, Shamsuddin and Alzahrani (2020), flipped classroom
learning activities are divided into ‘pre-class’, and ‘in-class’ phases. During the ‘pre-class’
phase students engage with the learning resources that are provided by the educator
to prepare them for the ‘in-class’ phase. During the ‘in-class’ phase, students engage in
activities such as presentations, question and answer and discussions with support from
the educator. During the later ‘post-class’ phase, which happens outside the classroom,
students are expected to respond to assignment tasks or quizzes in their own time and space
to enrich and strengthen the intended knowledge and learning outcomes. Therefore, in a
flipped classroom, students spend more time on developing knowledge and understanding
(Yildirim & Kiray, 2016). The hope is that this process is student-centred and helps
students to build on their prior knowledge through sense-making processes and learning
how to learn, in their own contexts, which in turn, helps them to become more autonomous
learners (Al-Samarraie et al., 2020; Ozdamli & Asiksoy, 2016).This, if theorised from the
perspective of Vygotsky’s (1978) socio-cultural learning theory, involves expansion of their
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Zone of Proximal Development (ZPD). The ZPD refers to “the distance between the actual
development level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance” (Vygotsky,
1978, p. 86). As will be elaborated further below, the ‘flipped classroom’ pedagogical
process that I used, was informed by socio-cultural learning theory, drawing especially
on later versions of Vygotsky’s mediation framework as developed by Engestrom (1987;
2015) to guide the hoped-for contextualised dynamics of climate change and biodiversity
learning that would potentially enable my students to develop relational and integrative
understandings of the concepts noted above.
The study was therefore guided by the following research questions:
1. Which relationships did the students discern between biodiversity and climate
change and the other SDGs?
2.  Howdid the educator-researcher generated activities help to mediate the classroom
interactions?
3.  How can a learning framework for climate change education be structured to
facilitate mediation of learning of the relationships between climate change,
biodiversity and SDGs?

Theoretical lens guiding the study

Quality education is facilitated consciously by educators, through mediation processes.
In this study, mediation of learning is described in terms of socio-cultural approaches
described by Vygotsky (1978) and further developed by Engestréom (1987). Vygotsky’s
(1978) mediation theory linked subject, object and tools or artifacts together to offer a
process theory for analysing and supporting the mediation of learning (Edwards, 2005).
First generation Cultural Historical Activity Theory (CHAT) takes mediated action as the
unit of analysis (Engestrém, 1987), as shown in Figure 1 below.

Mediating artifact

Subject Object

Figure 1: Left: Viygotsky’s original formulation of mediated action (after Vygotsky, 1931/ 1978, p. 40).
Right: Basic reformulated Mediation Triangle (Engestrom, 2001, p. 134)
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In first generation activity theory, Vygotsky proposed that human activity advancement
involved process relations between the stimulus (S) and the response (R), culturally
mediated by tools (X). Vygotsky highlighted the significance of mediation tools in the
subject-object interaction, thereby initiating a shift in focus from behaviourist psychology
to process based activity theoretical learning that had cultural historical roots. Engestrém
(1987) developed this theory of mediation further by linking it to ‘real life’ concerns, thus
contextualising the mediation, which is of interest to my study. Engestrém’s (1987) work
on CHAT was developed to theorise work and learning around transformed activity, but
in my study I use it to indicate the importance of contextualisation of the tools in use
between subjects (learners), mediation tools (complex concepts relationally charged, lesson
processes and tools) and object (more integrative understandings of climate change and
biodiversity in the context of sustainable development). Engestrém’s mediation triangle
shown in Figure 2 below, shows how he expanded Vygotsky’s mediation triangle to include
contextual dynamics such as rules, community involved in the practices and mediated
understandings, and division of labour (cf. further elaboration below). Mediation, in what
has been described as second generation CHAT (following the first generation put forward
by Vygotsky noted above) can be illustrated by a relational triangle, as shown in Figure 2,
which follows Vygotsky’s lead in establishing a process framework for researching the
mediation of learning from a socio-cultural theoretical vantage point.

Tools/Artifacts

Subject Object ———) Outcome

Rules Community Division of labour

Figure 2: The expanded and contextualised Viygotskian mediation triangle (Engestrém, 1987, p. 137)

Mediation of learning involves human subjects, mediating tools, and the subject matter.
Liu and Gillies (2022) suggested that mediation involves humans working with artifacts,
concepts and activities to influence their material, social and mental conditions. Therefore,
sociocultural mediation builds knowledge through cultural processes including social
interactions to culminate in higher mental functioning of the individual learners. With
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Engestrom’s additions noted above, such mediation includes engaged experiences in context
which are culturally and historically shaped. In the context of issues such as climate change,
these are also socio-ecologically and developmentally shaped and mediated, differently in
different contexts (Lotz-Sisitka et al., 2024; Mukute & Lotz-Sisitka, 2012).

This implies that teaching relationships between SDGs and how they intersect with
climate change must be mediated through a careful process of co-engagement between
learners and well as the educator and learners using mediation tools, with space for them
to relate these to contextual experiences that are culturally and historically shaped in
social-ecological environments. In sociocultural theory, the development of higher mental
functioning results in expanded learning or expansion/ extension of the ZPD. This extension
is achieved through interaction of agents who mediate human-human as well as human-
material interactions in a learning activity (Kozulin, 2003). Human-human interactions are
social processes of co-engagement between learners. Human-material interactions involve
learners interacting with signs in the form of physical and psychological tools and artefacts
(Shabani, 2016), which are also historically, culturally and socio-ecologically shaped. To this
end, mediation denotes a process of intervening in, or supporting the expansion of how,
the learner interacts with knowledge in the environment to support them to build more
knowledge in their minds and expand their life experiences and activity.

The mediation triangle summarises the processes involved in mediation. Guided by
Engestrém’s (1987) second generation mediation triangle, in the Bachelor of Education
Honours class, which is restricted in time and space for mediation, I introduced tools
for mediation, which included physical and psychological tools, including tasks given,
suggested reading materials, the course outline which guides students and explanations
for any tasks that are provided. Signs on the other hand denote the mediation interactions.
Leiman (1992, p. 11) distinguished the two:

Tools mediate object-oriented activity whereas signs, in the form of language, mediate social
intercourse. Tools are externally oriented and are used in the modification of objects whereas
signs ‘change nothing in the psychological operation’. Signs are multifunctional tools of

communication and representation.

In this study, the language and the meaning inherent in the tasks given to the students,
therefore would be the sign that determines the social interactions during course activities
(e.g. if I had included or excluded contextual references to impacts of climate change and
students’ local knowledge of biodiversity). The subject is the individual student or course
participant. Rules pertain to expectations of the course as laid down in the course outline
as well as the agreed upon processes of engagement. These include the content, timing,
length of presentations and the agreed conduct on how students will interact during the
lessons. The community is the whole group of course participants including the lecturer
(educator-researcher) and the students and could also include wider community referents
(e.g. if the students have knowledge of others who are affected by climate change and
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biodiversity loss impacts). What the members of the direct community involved (e.g. in
this case, me as teacher and students involved) do to contribute to the learning processes
defines the division of labour, but if extended to contextual research tasks for the students,
may include the labour of key informants or community members who share knowledge
with the students. The object in this case, is the intended student ability or competence to
articulate how climate change relates to biodiversity and other SDGs in a more integrative
view, while the outcome is expansion of the students’ ZPD on the integrative relationship
of the SDGs.

The mediation of learning in the ZPD is associated with the notion of scaffolding.
Scaffolding involves the mediator using symbolic tools and such teaching approaches
as those put forward in the ‘flipped classroom’ method to guide pre-course reading, on-
course presentation, and interactive questioning and post-course reflections, to organise
meaningful and effective learning activities. The intention is that these would help learners
to transcend from the level of existing knowledge and experience, to constructing new
knowledge through social interactions involving individual internalisation and mental
functioning (Liu & Gilliers, 2022), and collective meaning-making, with potential for
actualising activity changes (Engestrém, 1987), thus unlocking learning in the ZPD. As
indicated above, the intention was to expand student learning in their ZPDs (Vygotsky,
1978) through allowing students to expand their knowledge and articulate relationships
between climate change, biodiversity and other SDGs in a more integrative manner. In
so doing, students would have demonstrated how they understand climate change as a
development concern across with sensitivity to local and global dynamics.

Methodology

Reflective inquiry and narrative methodology
This study, as indicated above, was developed as a reflective inquiry into own practice
by an educational researcher (myself), practising as a reflective practitioner in the ways
described by Zeichner and others (Tabachnick & Zeichner, 1991; Zeichner, 1981; Zeichner
& Liston,1987). They indicate that reflection can be narrowly defined, or reflection can
include finding ways of identifying, questioning and responding to existing assumptions
which underlie practice, and the context of practice in the widest terms while bringing in
new perspectives. It is this approach to reflective practice that I narrate across this paper.
With this as background, this qualitative study employed the reflective narrative
approach. The reflective narrative is a development from the narrative approach. Ntinda
(2020) sees the narrative approach as focusing on people’s life stories and experiences.
Further, narrative research notes that people understand and give meaning to their life
experiences through the kind of stories they tell and how they tell them. Thisisa development
from Connely and Clandinin (1990) who argued that narratives enable capturing of the
actual experiences of research participants in the way they report them. Further, research

Southern African Journal of Environmental Education, Vol. 41.2, 2025



An Exploration of an Integrative Approach to Teaching Climate Change and Sustainable Development 72

should discern meaning embedded in the participants’ stories. The assumption is that
people live storied lives which have special events, and the events hold different meanings
for the people who experience them (Connelly & Clandinin, 1990). The events are then
analysed through a process of reflection to get the meaning. In this study, I was seeking
meaning related to my own teaching practice, to better align it with wider issues such as
the complex relationship that exists between biodiversity and climate change, and how this
can be better mediated to Education Honours students. To this end, Craig (2009) advocates
that beyond the narrative must be deliberative inquiry, a form of reflective inquiry on
the narratives or stories of experience. This study is therefore primarily an open-ended
reflective analysis of the intention, experience and outcomes that imbue the narrative. This
has helped me, the researcher, analyse and make meaning of the narrative in which I have
also used theoretical tools as outlined above.

I, as the educator-researcher who was interrogating my own teaching practices, chose
the lived narrative approach to describe the processes that I went through to teach (Ntinda,
2020). The lived narrative enables the research participant to give an account of their life
experiences without recognising any special events. This was appropriate because it allowed
me to describe all the events as they unfolded, instead of selecting any that I thought were
relevant for the study. Kacaniku (2020) noted that the teacher-researcher position allows
for professional development, which is akin to my research interests.

Data generation

Data was generated from classroom documents, namely, my teaching PowerPoint notes,
the online Teams recording for the three-hour lesson, and my reflective diary. I used these
to compile a narrative description of the teaching experiences. These key experiences
include the flipped classroom task that was given to students, and management of the task
presentation.

The following is an account of the process that I followed with my students.

1. To facilitate students to engage with the intended content, I provided them with
readings including the Sustainable Development Goals (SDGs) (UN, 2015) and the
Education for Sustainable Development Goals (ESDGs) (UNESCO, 2017). I also
provided them with readings on biodiversity and climate change. I gave the task to
the students to guide their reading and preparation for classroom presentations
three weeks before the presentation day. In addition, I read the task to the students
to ensure they understood the expectations of the task response.

Climate change and biodiversity
®  What is climate change?

®  What are the debates on the reality of climate change?

®  In what way is climate change linked to biodiversity?
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®  Which Sustainable Development Goals (SDGs) relate to climate change and
biodiversity and how?

® How do SDGs with climate change relate to biodiversity and to Sustainable
Development?

®  What are the climate change adaptation and mitigation measures that promote
biodiversity? How can a better understanding of climate change help with
understanding and achievement of SDGs?

®  What is the role of education at the intersection of climate change, biodiversity
and sustainable development?

All students were expected to read these resources as start-up and look for other
relevant resources on the topic, including YouTube videos. The reading was supposed
to happen outside of the classroom and in preparation for the presentation. I assigned
three students to this task. Students were to compile a PowerPoint presentation for
and ahead of their classroom presentation. This work-away task was part of the flipped
classroom lesson design and students were informed as such.

2. On the day of the presentation, I moderated the presentation. The three students
took turns to present their task response through a PowerPoint presentation. The
presentation was peer assessed, as part of the assessment of their participation
and contribution to the course. The remaining 18 students were to critique the
presentation, share their own experiences, ask questions of clarification and
add any insights from their own reading. Focus of the critique was on how the
relationship between climate change, biodiversity and other SDGs were illustrated.
This was work in the classroom.

3. I consolidated the session proceedings with a PowerPoint presentation on the
respective SDGs and their implications for the notion of development, climate
change and biodiversity.

Analysis
A combination of inductive, abductive and retroductive analysis was used to make meaning
of the lesson proceedings. Firstly, inductive reasoning shaped the interactions with the
students and the lesson tasks (cf. Result 1 below). McCain (2016) describes inductive
reasoning as the form of reasoning that infers via pattern analysis from what happened
previously to suggest what may happen in the future. Inductive reasoning was therefore
appropriate for this level of analysis because it was structured using the mediation triangle
which suggests and facilitates the expected intended object and outcome of the mediatory
process.

To describe the mediated learning process, I used abductive reasoning which involves
a process of analysis that recontextualises data using theoretical categories or contextual
categories (Danermark et al, 2019) (cf. Result 2 below). Smith and Johnson (2014)
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have suggested that abduction denotes a form of reasoning that helps to determine an
explanation for observations. In this study, I recontextualised the understanding of the
learning process using concepts and process guidelines from the socio-cultural mediation
theory above, and my understanding(s) of the need for more integrative, relational
perspectives on biodiversity learning though a focus on climate change and the SDGs.

Retroduction helps to deepen abductive analysis and offers the means of asking ‘why’
questions in relation to the findings, which can help to identify the circumstances whose
presence or absence causes observed events. Retroduction allows a researcher to ascribe
reasons for causes (e.g. student experiences of climate change impacts may influence their
relational understanding of climate change, biodiversity and SDGs). In this study I did
not undertake in-depth retroductive analysis; however, there are some indications in the
data as to the influences on student experiences and outcomes that could be seen to be
retroductive.

The combination of inductive, abductive and some (limited) retroductive analysis,
allowed me to establish and describe the processes of mediation, and their outcomes.

Result 1: Observations and reflections on the relationships between SDGs

reflected in student work and participation

From analysis of student participation and work, students correctly defined the notion of
climate change as understood and defined globally and generically. However, this was also
contextually related as students shared some of their experiences of extreme weather events
including recent unusual snowfalls which were experienced in parts of Gauteng Province in
South Africa. Although snowfall is not a new phenomenon in some parts of South Africa,
such as along the Drakensberg Mountains and around Lesotho (highland mountain areas),
it was unique to Gauteng and the students’ life experiences, because many of them had not
ever experienced snowfall in the province. Additionally, the snowfall was deep and occurred
around midday which was highly unusual in the province. For them, it demonstrated that
temperatures can be extreme.

Some students illustrated climate change with a change of seasons where rains did not
fall at the beginning of the rain season as expected but seemed to be delayed and the rain
season seemed to end abruptly after a short period of heavy rains. The heavy rains were
associated with unexpected storms and flooding. An example of more frequent tornadoes
in parts of KwaZulu-Natal, South Africa, was given where strong winds damaged buildings,
mostly of the poor and vulnerable people around Utretcht, Newcastle and KwaMashu areas.
Examples of higher frequency of cyclones such as Eline and Idah in the southern African
region, were shared during the session, including their devastating effect on particularly
rural and vulnerable groups of society. Students shared other sources that they had used,
including YouTube videos.
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Interestingly for the focus on climate change and biodiversity relations, students
identified SDGs 14 (Life below water) and 15 (Life on land) as the two SDGs that refer
directly to biodiversity through presentations and inputs into the presentation. SDG 13

talks directly to climate change. Below are the relationships between biodiversity, climate
change and the other SDGs that were reflected in the students’ work.

SDG 14 (Life below water) and 15 (Life on land) are both impacted by climate
change. Warmer seas have been seen to damage corals and hence, biodiversity of
coral ecosystems. Droughts on land, as witnessed with El Nino, deprive terrestrial
aquatic ecosystems of adequate water. This destroys habitats for organisms. Lack of
adequate water results in lack of food. Climate change transforms conditions of the
habitat leading to poor living conditions of organisms.

SDG 1 (End poverty): Ecosystem services are benefits that humans get from
biodiversity. Most of the people from southern Africa live in rural areas where they
live directly on natural resources. Climate change affects biodiversity which in turn
affects the quality of natural resources and ultimately, the ecosystem services that
rural people get. People who have poor access to ecosystem services are poor and
vulnerable since they have poor well-being.

SDG 2 (End hunger): This SDG is intended to achieve food security and improved
nutrition through promotion of sustainable agriculture. Biodiversity is key to
ensuring food security due to its role in sustaining ecosystem functions, such as
pollination and the maintenance of soil fertility, and water quality, central to
agricultural productivity. Climate change increases vulnerability of people whose
food sources depend on the health of natural ecosystems, such as the soil, forests,
water, grasslands.

SDG 3 (Ensure healthy lives and promote well-being for all at all ages): Good
health of people depends on a variety of factors, including healthy individuals,
healthy communities, and a healthy environment including biodiversity. Health
of individuals and communities depends on good quality food, water, air, and soil.
Climate change impacts on each of these by affecting ecosystems, which results in
poor water supply, low food production, disease proliferation and spread, as well as
social unrest. This SDG is therefore related to SDGs 1 and 2.

SDG 4 (Ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all). This SDG cuts across all the others. It builds
capacity for climate change mitigation and adaptation which include knowledge for
biodiversity. It connects all other SDGs.
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® SDG 5 (Achieve gender equality and empower all women and girls). In most poor
communities, women need to live off the environment and natural resources
(through ecosystem services) and are therefore exposed to and directly affected
by sustainability concerns. Therefore, women and girls are at the interface of the
relationships between biodiversity and climate change. Any climate change induced
change in the ecosystem services (including water availability and quality, energy
resources, soil fertility, forestry products, aquatic products) affects women and girls
directly, ultimately perpetuating poverty, poor health and gender inequalities.

B SDG 6 (Ensure the availability and sustainable management of water and sanitation
for all). This SDG promotes maintenance of water supply and quality, as well as
guards against water-related hazards and disasters. Climate change undermines
biodiversity which controls water sources and sanitation.

® SDG 8 (Promote sustained, inclusive and sustainable economic growth, full and
productive employment and decent work for all): As indicated in SDGs 1-6, 13-15,
biodiversity is key for enabling and sustaining livelihoods. This means national
economies are dependent on ecosystem services. Climate change mostly negatively
impacts biodiversity and ultimately affects economic viability of economic activities,
such as agriculture, forestry, fisheries and aquaculture, energy, tourism, transport
and trade.

® SDG 9 (Build resilient infrastructure, promote inclusive and sustainable
industrialisation and foster innovation): Biodiversity and healthy ecosystems are the
source of reliable and cost-effective natural infrastructure materials, especially for
the majority of people in the world. Climate change impacts on forestry, vegetation
such as grass, and aquatic products. Coral reefs and mangrove forests form a barrier
to coastal establishment against flooding and such events as tsunamis. Destruction
of such natural barriers increases human vulnerability to natural disasters. This
relates to the SDGs on health, gender, health and poverty.

®  SDG 12 (Ensure sustainable consumption and production patterns). Consumption
and production of all goods and services require the transformation of many natural
resources, which in turn impacts biodiversity. Current unsustainable consumption
and production patterns can undermine the ability of ecosystems to provide services
for industries and communities that rely upon them. Using cleaner and more
resource-efficient approaches that minimise waste and pollutants can bring about
economic opportunities and better quality of life for consumers and producers alike,
and at the same time benefit biodiversity.
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® SDG 16 (Promote peaceful and inclusive societies for sustainable development,
provide access to justice for all and build effective, accountable and inclusive
institutions at all levels): Societies in poverty are likely to be in strife. Social unrest
due to unequal distribution of and access to resources will ensue. Climate change
has been shown to increase inequality and can cause poor health, poor quality of
ecosystem services, and endanger development of equitable, just and equitable
societies.

Therefore, it is discernible from the above, that students could make use of the resources
they were given and looked for more resources to describe climate change, how it related
to biodiversity and how it related to the other SDGs. It was interesting to note from these
presentations that students saw climate change as a multifactor system at both causative
and effect levels. It was also interesting to see the language of the notion of ecosystem
services and human well-being which I had presented earlier coming through in students’
presentations and ensuing deliberations.

Students also appreciated the central role of education in this milieu, in that education
builds capacity for understanding climate science and explains climate phenomena. The
task was key to students’ engagement with the complexity of the knowledge as noted in
the introduction above. One student remarked “The task helped me to understand climate
change better”. Another noted that “The task was useful to me because I would not have
looked for the resources if I was not guided by the task.” However, another student remarked,
“I only read literature that supports the view that climate change is human induced or
human accelerated. I fail to understand why some people say the climate is not changing
when there is compelling evidence as we saw in the examples today. Sir, can you please help
me understand why people deny the existence of climate change?” My comment to this
was that climate scientists differ in how they interpret phenomena and how they ascribe
reasons to observed events. And, there are also significant political interests that influence
knowledge dissemination and uptake (e.g. oil industry interests). In one way, this has to
do with where the scientists are located but there is a bigger issue related to the type of
knowledge we are dealing with. Knowledge is not value-free, and can be politically imbued
and ideologically transformed. Scientists’ views may be influenced by political economies
or factors that we do not know. I noted that all we can do as educators, is to try to identify
and discern the best available and most defensible scientific arguments and perspectives
that are emerging and relate them to our lived experiences. I also noted that it is important
to understand how our experiences may shape our own values and understandings of the
knowledge of climate change and how it relates to other development concerns such as
biodiversity.

Iemphasised to the students that our capacity to deal with more complex understandings
of issues should empower us to take responsibility at individual and collective levels
to alleviate the effects of climate change and its impact on biodiversity. This included
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our capacity as educators to share knowledge of climate change through encouraging
understanding of, and debate on the different dynamics of this knowledge, including
scientific and other perspectives. Importantly, I also emphasised that our knowledge
has potential to develop agency for requisite resilience to climate change if critically and
carefully approached and applied through education in more integrative and nuanced ways.
This means our teaching must not impose our personal values but must present ideas in
an open approach and expose learners to different perspectives and through a deliberative
process guide them to relate their own experiences to literature so that they can appreciate
what affects them. Hopefully, this critical approach could help them to consider options for
action.

We also discussed the complexities associated with denialism. If climate change is not
happening, as suggested by denialists, I noted that we, as educators and communities,
still need to develop capacity for adapting to climate variability in how we address and
respond to extreme weather events. We should not ignore climate changes. From a robust
understanding of science, and an understanding that such science is still incomplete, we can
still deduce that as climate change is happening, we need to prepare society for resilience to
both the shorter (climate variability) and longer term changes.

We discussed the importance of developing a more integrative perspective, even though
this may not be easy due to the structuring of the curriculum into isolated subjects and
inscribed topics. As noted by one student: “Climate change and its effects make more
sense when we see it more holistically by bringing all SDGs together, but educationally,
the challenge is how the schools’ curriculum is structured. It does not allow a teacher to
explore other concepts besides what is written and that limits how a teacher can teach
for better understanding.” Admittedly, the curriculum can be restrictive since it presents
topics separately and we noted that it takes an innovative teacher to explore different
ways of teaching these concepts. Through this, I encouraged the students to become such
innovative teachers, with capacity to respond to the real-world challenges of climate change,
biodiversity and related development challenges.

Result 2: Reflections on the mediation process
As indicated above, the study mainly focussed on how the flipped classroom pedagogical
process was employed to facilitate meaningful mediation of a complex knowledge arena
and process for teaching future teachers. In this part of the study, I use second generation
Cultural Historical Activity Theory (CHAT) (Engestrém, 1987) mediation theory to provide
a high-level analysis of mediating the learning of relationships between climate change,
biodiversity and the SDGs as a process of expansion of the students’ ZPD.

Figure 3 was developed through an abductive analysis of the mediation of learning
through the flipped classroom pedagogical process used for the lessons.
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Tools/Artifacts:
Task, PowerPoint presentation,
reading resources, computers
and display resources

Subject: Lecturer
and students

Object: Teaching relationships

between SDGs ﬁ

Outcome: Demonstration of
knowledge of relationships
between SDGs

Rules: Timelines Community: Students, Division of labour: Lecturer

and assignment lecturer, and others who designs task. Lecturer designs

limits students may engage and implements the assessment.
with in life experiences Students work on tasks, prepare
of climate change and and conduct the presentation.
biodiversity and SDG Students make inputs to the
related matters presentation by critiquing, and

commenting on the presentation

Figure 3: The mediation triangle for establishing the relationships between biodiversity, climate change
and the other SDGs (adapted from Engestrém, 1987, p.137)

Analysing the classroom practice using the mediation triangle from the second generation
of CHAT (Engestrém, 1987), sociocultural mediation for establishing the relationships
between biodiversity, climate change and the other SDGs can be discerned as presented
below.

Subject

The individual students constituted the subjects for the learning interactions.

Object and outcome

The object of this activity was to teach a more integrative understanding of biodiversity,
climate change and SDGs as a starting point. The class sought to establish relationships
between biodiversity, climate change and other SDGs. The outcome was a better
understanding of climate science and of biodiversity and development relationships, thus
mediating more complex and relational understandings. During the class activity, students
referred to the terms ‘climate change apologists’ and climate change ‘denialists’. Although
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the lesson did not delve into the detailed difference between these two, students showed
that they had been introduced to the terms beyond the bounds of the classroom. There is
potential for the students to continue to seek to deepen the meanings of the two notions.

Community

The community was comprised of the lecturer and Honours students who interacted with
each other and others through the engagement with the task. Further, three of the students
were a small sub-community who were expected to work together to read resources provided
and compile a PowerPoint presentation and organise themselves to present this to the class.

Rules

All Honours students were expected to read the learning support materials ahead of the
classroom presentations during the designated period. Three of the students were expected
to lead the seminar with the PowerPoint presentation that they compiled. The stepwise
progression of the task constitutes the rules in this teaching and learning activity. The
first step was the expectation that students would work individually, then in community
with others both away from the classroom and in the classroom. Students were expected
to contribute their understanding and their own examples to the learning interactions in
class. Students were also expected to objectively assess the presentation of the presenting
group using a prepared assessment rubric.

Division of labour

The learning activity was therefore comprised of three students who worked on a reading
task, preparing, synthesising and sharing a presentation on the relationships between
biodiversity, climate change and SDGs. The rest of the students made inputs into the
presentation. The lecturer (I) prepared the task which formed the basis for the individual,
group and classroom interactions. I made a PowerPoint presentation and made comments
on students’ seminar presentations, as well as on the contributions from the rest of the
students to consolidate the session’s interactions. [ also guided the classroom interactions
and dialogue as shown in part in the Result 1 section above.

Tools/artefacts

The task which was given to students to guide the interactions between students and the
readings was a key tool. The key concepts, including the notion of sustainable development,
ecosystem services and human well-being from the 2005 Millennium Ecosystems
Assessment (MEA, 2005) report were also conceptual tools. The task stimulated students to
engage with the concepts. Readings that were shared with students together with the task
are some of the artefacts that were relevant for mediation of learning through students
engaging with the task and the concepts. The PowerPoint presentation by both students
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and lecturer are artefacts that were used for the mediation. The physical resources include
the computers that were used by students to access readings to prepare and present the
PowerPoint slides. The formative peer assessment guide for the presentation was another
tool that guided students to think of how to compile and present a good PowerPoint
presentation on the subject. The combination of tools and the language used to define
the task contributed to the ‘sign’ of the teaching and learning activity because these tools
helped students to make sense of the intended concepts.

Discussion of findings

The first finding of the study is that if students’ learning is mediated by appropriate tools
and pedagogical processes, they can define the intended concepts, identify the SDGs and
discern relationships between climate change (SDG 13), biodiversity (SDGs 11 and 12) and
other SDGs. Students showed ability to interpret the statements of the SDGs in relation
to concerns for sustainability as well as relate their interpretation and meaning of the
respective SDGs to their local experiences. The UN (2015) asserts that although the SDGs
are an aspirational policy tool for governments and intergovernmental interactions, they
need to be understood holistically in society. This approach of establishing relationships is
an attempt to enable students to understand the complex nature of the science associated
with climate change and biodiversity, and the SDGs not as isolated from each other but
as interacting and co-contributing to concerns for development. The mediation approach
enabled students to engage with the intended content of discerning relationships between
the SDGs, and it was useful for them to understand each of the individual SDGs in
greater detail, especially climate change (SDG 13) and biodiversity focused SDGs (SDG 11
and 12). It is important to take note of the sociocultural mediation under-labouring of
the flipped classroom approach used in the study. This helped to give theoretical depth
to the pedagogical approach. Students were afforded an opportunity to understand the
knowledge before the online classroom-based session which connected to prior learning
and experience to the main lesson sessions. Here students’ seminar presentations were
followed by critique and inputs from their colleagues and myself as co-engaged lecturer
interested in the mediation process, which decentred the learning from the lecturer but
still enabled me to guide it meaningfully. The lesson was therefore interactive, collaborative
and learner centred, but the teacher still guided it in a meaningfully mediated way (i.e. the
teacher is not ‘absent’ but is co-engaged in supporting, scaffolding and mediating learner
engagement and participation). The process also shows that mediation is effective when it
involves multiple teaching methods that are phased. In this case, the task was the organising
principle that combined students’ individual reading and finding information from other
sources such as YouTube videos, group discussions, students’ lecture presentations using
PowerPoint, class discussion of the presentation and lecturer’s lecture-based PowerPoint
presentation. If used in this way, the flipped classroom pedagogical approach can provide
appropriate conditions for multi-methods mediated learning.
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As experienced in this lesson sequence, each phase and method plays a key role in the
mediation process as students engage with the task in consciously developed and organised
steps that are carefully scaffolded. The phases should allow students to develop their own
understanding, and to share their understanding in a classroom-based plenary where their
understandings can be expanded and deliberated. This approach aligns with the Vygotskian
sociocultural approach where learning starts at a social level to develop the individual’s
higher order mental development, and through this expands their learning from existing to
more advanced levels of development through the mediated process in the ZPD (Vygotsky,
1978). Therefore, students first socialise with learning materials to develop individual
understanding of concepts. This is one ZPD level. They then socialise among themselves to
develop more conceptual understanding through sharing, each one contributing as a more
knowledgeable other, together with the lecturer’s presentation and guidance as another
more knowledgeable other. Thus, all are contributing to an expansive learning process. This
is another level of social interaction with multiple contributors that contributes another
level of the ZPD at the individual mental level. This mediation process illustrates a form of
sociocultural interaction where the lecturer, as the more knowledgeable other, or significant
other, plays a key role in structuring the knowledge development interactions, and remains
engaged throughout. Students’ additions, critique and questions are collegial and non-
threatening. The lecturer and fellow students assess the presentation while the social
environment that is created by social interactions between peers facilitates a low stakes
assessment environment. Instead of a post-classroom assessment task, the assessment
was integrated into the seminar and students had a copy of the assessment rubric prior to
receiving the task. This offered a further level of scaffolding for reflexive self-assessments,
and for deliberation on the assessment with the lecturer and other students

The above process has led to the development of the following framework for using
the flipped classroom to structure classroom activities (see Figure 4). This represents
a summative view of the process developed and followed. The framework is developed
through the qualitative reflective narrative research approach elaborated above, and offers
a tool for others who may be interested in designing relevant pedagogical processes for
mediating complex relational concepts such as climate change and biodiversity (and other
SDG concerns) that have local as well as global dimensions and which are furthermore
characterised by complex science environments with substantive synthesis studies
confirming findings (IPBES, 2021; IPCC, 2023; MEA, 2005) and local contextual dynamics
that impact on, and have implications for development (Von Maltitz et al., 2024).
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Lecturer
presentation and

Students’ consolidation
additions

Assessment for learning
(peer formative

\ 1 / assessement)

Description of

Orientating Classroom %DGS; Flarified
task with Group relationships between
i — s mmmmmm—)  biodiversity, climate
materials Presentation change and
other SDGs
ZPD 1 when / T \ Adequate ZPD 2 when students
students interact Material Peer presentation and interact with each
with task and resources for critique discussion time in other and lecturer
resources the classroom class
Pre-class In-class Post-class

Mediation timeline through a flipped classroom approach

Figure 4: Suggested framework for supporting establishment of the relationships between biodiversity,
climate change and the other SDGs through a flipped classroom approach (Source: author)

Following insights gained from this reflective paper, in the suggested framework, the
lecturer designs an appropriate orientating task that facilitates students to individually and
collaboratively use their prior knowledge, reading and other learning resources, to engage
with the intended content. Instead of merely describing the issues or SDGs, students were
facilitated to interpret what each of them meant and to analyse their relationships using
the relationships between SDGs 13 on Climate Change and 14 and 15 on Biodiversity.
It is important for the lecturer to design an appropriate task which can assist students
to understand content and suggest actions that could empower people with agency for
mitigation and adaptation. Instead of overwhelming the student or causing action paralysis,
an approach which is centred on human experiences in social contexts is likely to generate
the desired transformative education and requisite impetus for positive action. Students
are likely to find a feasible entrance point among the relationships between the 17 SDGs,
as was shown in this study.

Multi-methods for mediation include provision of mediating learning support materials,
assessment of presentations, peer critique, lecturer’s input to the presentations, lecturer’s
consolidation presentation, and an integrated classroom assessment during a seminar.
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The flipped classroom pedagogy allows for development of two ZPDs, an achievement that
may not be possible in conventional classroom approaches.

Conclusions

Given the importance of climate change and biodiversity in the world today, teaching these
two notions as isolated phenomena tends to be theoretical and detached from the lived lives
of the learners as I experienced in my earlier teaching practices. This study has shown that
knowledge of wicked problems needs to be developed with care and not presented as a set
of facts but as a collection of accepted facts and uncertainties, with contextual dynamics.
It would be inappropriate for a lecturer to present information as if it is predetermined,
‘fact based’/certain knowledge, given the contested nature of climate science. However, a
lecturer should also not simply ‘relativise’ this knowledge. The lecturer should acknowledge
substantive scientific findings, while showing the emergence of new science and its complex
relations to society, including the politics of knowledge and its uptake. The lecturer should
also support contextual understanding while supporting expansive meaning making. Thus,
as shown in this study, theoretically informed pedagogical processes are needed to explore
how to develop this complex and contested knowledge among students who in turn, will
have to teach this knowledge, without presenting it as the silver bullet of ‘finalised fact-
based’ knowledge but to generate interest for continuing debate and further study of the
knowledge as it changes, and as it is applied to different contexts in relation to other sets of
knowledge and people’s experiences.

This offers more potential to develop more holistic, relational understandings of the
phenomena. In addition, this approach should enable students to see SDGs in a unified
way, rather than as isolated aspects of human life that should be responded to in isolation
to each other. This approach can also help the students to see the magnanimity of climate
change and biodiversity as interlinked global concerns which directly and indirectly affect
all aspects of human existence.

Although this was not fully explored in this study from an action learning perspective,
the relational nature of the SDGs presents a variety of alternatives which can potentially
offer students the opportunities for taking actions that can directly or indirectly alleviate
the effects of climate change and biodiversity loss.

The study also shows that the teaching relationships of biodiversity, climate change and
other SDGs can be mediated through a simple and carefully phased heuristic or framework
(Figure 4). This framework can be adapted in many ways such as including Internet searches
to find more reading materials, or the students can be introduced to appropriate videos that
can help with understanding of the topic, and if time allows, they can participate in action
learning projects (change projects as has been modelled in the SADC and Sustainability
Starts with Teachers courses — see Lotz-Sisitka et al., 2019. While not a focus of this
study, my earlier research shows that this develops agency for change (Mandikonza, 2016;
Mandikonza & Lotz-Sisitka, 2016). The process demonstrated in this study shows that it is
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possible to orient curriculum practice towards transformative learning processes that show
the multifaceted and complex interrelationships of climate change with other development
concerns while recentring it as the connecting piece in the web of relationships between
SDGs, climate change and biodiversity.

Acknowledgement

Publication of this work was made possible by the VVOB funded Fundisa for Change: Keep
It Cool Climate Change Education project.

Notes on Contributor

Lead author

Mandikonza, Caleb

Caleb Mandikonza lectures in Science and Technology Education at the University of
Witwatersrand where, guided by reflexive practice for quality education, he researches the
integration of sustainability, including climate change, cultural heritage knowledge, ICTs,
transformative learning and pedagogy as well as formative assessment and uses this within
his teacher education practice.

References

Ahlonsou, E., Ding, Y., & Schimel, D. (2018). The climate system: An overview. The
Intergovernmental Panel on Climate Change. https://www.ipcc.ch/site/assets/
uploads/2018/03/TAR-01.pdf

Al-Samarraie, H., Shamsuddin, A., & Alzahrani, A.L. (2020). A flipped classroom model in
higher education: A review of the evidence across disciplines. Educational Technology
Research and Development, 68(3), 1017-1051. https://doi.org/10.1007/s11423-019-
09718-8

Craig, C.J. (2009). Learning about reflection through exploring narrative inquiry.
Reflective Practice, 10(1), 105-116. https://doi.org/10.1080/14623940802652920

Connelly, EM., & Clandinin, D.J. (1990). Stories of experience and narrative inquiry.
Educational Researcher, 19(5), 2-14. http://www.jstor.org/stable/1176100

Danermark, B., Ekstrém, M., & Karlsson, J.C. (2019). Explaining society: Critical realism in
the social sciences. Routledge. https://doi.org/10.4324/9781351017831

Edwards, A. (2005). Relational agency: Learning to be a resourceful practitioner.
International Journal of Educational Research, 43, 168-182.
http://dx.doi.org/10.1016/j.ijer.2006.06.010

Southern African Journal of Environmental Education, Vol. 41.2, 2025



An Exploration of an Integrative Approach to Teaching Climate Change and Sustainable Development 86

Engestrom, Y. (1987). Learning by expanding an activity-theoretical approach to
developmental research. Orienta-Konsultit.

Engestrém, Y. (2015). Learning by expanding: An activity-theoretical approach to
developmental research. (2™ ed.) Cambridge University Press. http://assets.cambridge.
org/97811070/74422/copyright/9781107074422_copyright_info.pdf

Fleming, A., Vanclay, E, Hiller, C., & Wilson, S. (2014). Challenging conflicting discourses
of climate change. Climatic Change, 127(3-4), 407-418. https://doi.org/10.1007/
s10584-014-1268-z

Habibullah, M. S., Din, B. H,, Tan, S., & Zahid, H. (2022). Impact of climate change on
biodiversity loss: Global evidence. Environmental Science and Pollution Research, 29,
1073-1086. https://doi.org/10.1007/s11356-021-15702-8

IPBES (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services). (2021). Scientific Outcome of the IPBES-IPCC co-sponsored workshop on
Biodiversity and Climate Change. https://files.ipbes.net/ipbes-web-prod-public-
files/2021-06/2021_IPCC-IPBES_scientific_outcome_20210612.pdf

IPCC (Intergovernmental Panel on Climate Change). (2023). Climate Change 2023:
Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee &
J. Romero (Eds.)]. IPCC. https://doi.org/10.59327/IPCC/AR6-9789291691647

Kacaniku, F. (2020). Teacher-researcher development? Unpacking the understandings and
approaches in initial teacher education in Kosovo. CEPS Journal, 10(3), 53-76.
https://doi.org/10.25656/01:20779

Koonin, S.E. (2021) Unsettled: What climate science tells us, what it doesn’t, and why it
matters. BenBella Books.
https://dokumen.pub/unsettled-what-climate-science-tells-us-what-it-doesnt-and-
why-it-matters-2020952203-9781950665792-9781953295248.html

Kozulin, A. (2003). Psychological tools and mediated learning. In A. Kozulin,

B. Gindis, V. S. Ageyev, & S. M. Miller (Eds.), Vygotsky’s educational theory in
cultural context (pp. 15-38). Cambridge University Press. https://doi.org/10.1017/
CB09780511840975.003

Liu, H., & Gillies R. M. (2021). Teacher questions: Mediated-learning behaviours involved
in teacher-student interaction during whole-class instruction in Chinese English
classrooms. Frontiers in Education, 6. https://doi.org/10.3389/feduc.2021.674876

Leiman, M. (1992). The concept of sign in the work of Vygotsky, Winnicott, And
Bakhtin: Further integration of object relations theory and activity theory.

British Journal of Medical Psychology, 65, 209-221. https://www.researchgate.net/
publication/21766068_The_concept_of_sign_in_the_work_of_Vygotsky_Winnicott_
and_Bakhtin_further_integration_of_object_relations_theory_and_activity_theory

Southern African Journal of Environmental Education, Vol. 41.2, 2025



An Exploration of an Integrative Approach to Teaching Climate Change and Sustainable Development 87

Lotz-Sisitka, H.B., Tshiningayamwe, S., Urenje, S., Mandikonza, C., & Chikunda, C.
(2019). Sustainability Starts with Teachers. An ESD action learning programme for teacher
educators of ECD, Primary, Secondary and TVET in Southern Africa. Introduction and
overview. UNESCO/ Rhodes University: Harare/Makhanda.
https://sustainabilityteachers.org/wp-content/uploads/2020/05/Learning-Action-2-
Sustainability-Starts-with-Teachers.pdf

Lotz-Sisitka H., Le Grange, L., & Mphepo, G. (2024). Engaged sustainability science and
place-based transgressive learning in higher education. South African Journal of Science,
120 (9/10). https://doi.org/10.17159/sajs.2024/17958.

Mandikonza, C. (2016). Exploring change-oriented learning, competencies and agency in a
regional teacher professional development programme’s change projects. [Unpublished
doctoral thesis]. Rhodes University.

Mandikonza, C., & Lotz-Sisitka, H. (2016). Emergence of environment and sustainability
education (ESE) in teacher education contexts in Southern Africa: A common good
concern. Educational Research for Social Change, 5(1), 107-130.
https://doi.org/10.17159/2221-4070/2016/v5ila7

McCain, K. (2016). The nature of scientific knowledge. Springer Undergraduate Texts in
Philosophy, 187-204. https://doi.org/10.1007/978-3-319-33405-9_12

Millennium Ecosystem Assessment. (2005). Ecosystems and human well-being: Synthesis.
Island Press, World Resources Institute. www.millenniumassessment.org/documents/
document.356.aspx.pdf

Mukute, M., & Lotz-Sisitka, H. (2012). Working with cultural historical activity theory
and critical realism to expand farmer learning in southern Africa. Mind, Culture, and
Activity, 79(4), 342-36. https://doi.org/10.1080/10749039.2012.656173

Ntinda, K. (2020). Narrative research. In P. Liamputtong (Ed.), Handbook of research
methods in health social sciences (pp. 2-11). Springer. https://doi.org/10.1007/978-981-
10-2779-6_79-1

Nunez, S., Arets, E., Alkemade, R., Verwer, C., & Leemans, R. (2019). Assessing the
impacts of climate change on biodiversity: Is below 2°C enough? Climatic Change, 154,
351-365. https://doi.org/10.1007/s10584-019-02420-x

Ozdamli, E, & Asiksoy, G. (2016). Flipped classroom approach. World Journal on
Educational Technology: Current Issues, 8(2), 98-105.

Perwitasari, S., I., Hariyono, E., & Susantini, E. (2023). Implementation of ESD (Education
for Sustainable Development) in climate change learning: A literature review.
International Journal of Recent Educational Research, 4(4), 399-415.
https://doi.org/10.46245/ijorer.v4i4.317

Rittel., HW.J., & Webber, M.M. (1973). Dilemmas in a general theory of planning. Policy
Sciences, 4(2), 155-169. http://www.jstor.org/stable/4531523

Shabani, K. (2016). Applications of Vygotsky’s sociocultural approach for teachers’
professional development. Cogent Education, 3(1), 1252177. https://doi.org/10.1080/2
331186X.2016.1252177

Southern African Journal of Environmental Education, Vol. 41.2, 2025



An Exploration of an Integrative Approach to Teaching Climate Change and Sustainable Development 88

Sinatayehu, D.W. (2018). Impact of climate change on biodiversity and associated key
ecosystem services in Africa: A systematic review. Ecosystem Health and Sustainability,
4(9), 225-239. https://doi.org/10.1080/20964129.2018.1530054

Smith, S.P,, & Johnston, R.B. (2014). How critical realism clarifies validity issues in
information systems theory-testing research. Scandinavian Journal of Information
Systems, 26(1), 5-28. http://aisel.aisnet.org/sjis/vol26/iss1/1.

Tabachnick, B.R., & Zeichner, K.M. (Eds.). (1991). Issues and practices in inquiry-oriented
teacher education (Vol. 3). Falmer Press.

UN (United Nations). (1992). United Nations Framework Convention on Climate Change.
https://unfccc.int/files/essential_background/background_publications_htmlpdf/
application/pdf/conveng.pdf

UN (United Nations). (2015). Transforming our world: The 2030 Agenda for
Sustainable Development. https://sustainabledevelopment.un.org/content/
documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.
pdf

UNESCO (United Nations Educational, Scientific and Cultural Organization). (2017).
Education for Sustainable Development Goals Learning Objectives. https://unesdoc.
unesco.org/ark:/48223/pf0000247444

Verma, S., Tiwari, R.K., & Singh, L. (2021). Affordances of flipped classrooms: Unveiling
the paradox of basics and key principles of flipped learning. Asian Journal of Education
and Social Studies, 15(2),10-20. https://doi.org/10.9734/AJESS/2021/v151230374

Von Maltitz, G.P, Midgley, G.E, Veitch, J., Brummer, C., Rotter, R.P, Rixen, T., Brandt, P,
& Veste, M. (2024). Synthesis and outlook on future research and scientific education
in Southern Africa. In G.P. von Maltitz et al. (eds.), Sustainability of Southern African
Ecosystems under Global Change. Ecological Studies. Springer.
https://doi.org/10.1007/978-3-031-10948-5_32

Vygotsky, L.S. (1978). Mind in society: The development of higher psychological processes.
Harvard University Press.

Yildirim, ES., & Kiray, S.A. (2016). Flipped classroom model in education. Journal of
Education in Science, Environment and Health, 2-8. https://www.isres.org/books/
chapters/RHES2016-1_10-09-2017.pdf

Zeichner, K.M. (1981). Reflective teaching and field-based experience in teacher
education. Interchange, 12, 1-22. https://doi.org/10.1007/BF01807805

Zeichner, K., & Liston, D. (1987). Teaching student teachers to reflect. Harvard Educational
Review, 57(1), 23-49. https://doi.org/10.17763/haer.57.1.j18v7162275t1w3w

Southern African Journal of Environmental Education, Vol. 41.2, 2025



