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Abstract

This self-study explores the pedagogical journey of a teacher learning to teach climate change,
specifically anthropogenic global warming, to Grade 6 learners. The problem this study addresses is
the significant absence of explicit climate change coverage in the South African intermediate phase
curriculum, despite the urgent need for early educational intervention to combat climate illiteracy.
The research was grounded in the Topic-Specific Pedagogical Content Knowledge (TSPCK)
framework and the self-study methodology. The study aimed to understand how a teacher could
effectively learn to teach the complex science of climate change to young learners. The primary
research question guiding the study was, "How did I teach learners to understand the complex science
of climate change?" with sub-questions focused on appropriate content and effective teaching
strategies. The participants in this study were Grade 6 learners in a specific classroom setting, while
the primary participant and subject of inquiry was the teacher-researcher themselves. Data collection
involved a qualitative research design utilizing document analysis, video recordings of lessons, and
a reflective journal supplemented by discussions with a critical friend. This approach allowed for a
deep, reflective exploration of teaching practices and professional growth. Key findings revealed a
significant pedagogical transformation from teacher-centered to learner-centered methods. The study
underscored the importance of continuous self-reflection and feedback from a critical friend in
developing TSPCK. Furthermore, the findings highlight the effectiveness of using open-ended
questions to foster critical thinking skills among learners. Based on these findings, the study
recommends that educators shift towards learner-centered and interdisciplinary teaching methods for
complex topics. It also emphasizes the crucial role of r eflective practice and professional support in
developing effective pedagogical approaches to address curriculum gaps. The study ultimately
advocates for climate change education as a vital tool for empowering young learners to become

agents of change.

The key words: Climate Change, Global Warming, Grade 6 Learners, Self-Study, Greenhouse Effect
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Chapter 1

1.1 Introduction

Climate change, driven primarily by anthropogenic global warming, presents an unprecedented
challenge to humanity and the planet, (Campos-Pais et al., 2021). Its extensive connotations,
including rising sea levels, extreme weather events, and disturbances to ecologies, underscore the
urgent need for comprehensive climate change education, (Alexandru et al., 2013). Recognizing the
critical importance of fostering climate literacy from an early age, this self-study research explores
the researcher's journey in learning to teach climate change to Grade 6 learners. This study aligns
with the "catch them young" principle, advocating for early intervention to empower students as
informed and proactive agents of change. I am of the view that equipping young learners with the
knowledge and skills necessary to appreciate and address climate change, educators can contribute to
building a more sustainable future. This research acknowledges the identified gap in the South
African curriculum of the absence of the explicit coverage of climate change within the intermediate
phase, despite the inclusion of related scientific concepts. In this self-study, I aim to investigate how
I can use the self-study methodology to teach the complex topic of climate change to grade 6 learners.
Guided by the central research question, "How do I teach Grade 6 learners to understand the complex
science of climate change?" and its sub-questions focusing on suitable content, the development of
the researcher's understanding, and effective teaching strategies, this study employs a qualitative, self-
study methodology. This methodology allows for deep reflection on personal teaching experiences,

challenges, and growth, fostering critical thinking and professional development.

1.2 Background of the Study

The scientific agreement on anthropogenic climate change is unequivocal. The Intergovernmental
Panel on Climate Change (IPCC, 2023) reports, along with a vast body of peer-reviewed research,
confirm that human activities, primarily the burning of fossil fuels, are driving a rapid increase in
global temperatures. This phenomenon, known as global warming, leads to a cascade of
environmental consequences, including rising sea levels, extreme weather events, ocean acidification,
and disruptions to ecosystems. Given the urgency and magnitude of the climate crisis, education plays
a pivotal role in fostering climate literacy and empowering individuals to take informed action. The
United Nations Framework Convention on Climate Change (UNFCCC, 2018) and the Paris
Agreement emphasize the importance of education and public awareness in addressing climate
change. In South Africa, the National Curriculum and Assessment Policy Statement (CAPS) for the
intermediate phase (Grades 4-6) in Natural Sciences and Technology (NST) and Social Sciences (SS)

includes various concepts related to environmental issues and energy. However, the explicit and



comprehensive coverage of climate change, particularly anthropogenic global warming, is often
limited. This gap presents a challenge for educators seeking to equip young learners with the
knowledge and skills necessary to understand and address this complex issue. The "catch them
young" principle underscores the importance of introducing climate change education at an early age.
In fostering climate literacy in primary school, educators can cultivate a lifelong commitment to
environmental stewardship and empower students to become agents of change within their

communities.

This self-study research emerges from my recognition of the need to enhance climate change
education in my teaching practices. As a teacher in this phase, I seek to investigate effective
pedagogical approaches for teaching climate change, focusing on anthropogenic global warming. By
utilizing a self-study methodology, I aim to reflect on personal teaching experiences, challenges, and

growth, ultimately contributing to a broader understanding of effective climate change education.

The study is grounded in the belief that teachers, through rigorous self-reflection and inquiry, can
develop and refine their pedagogical practices. Through sharing insights gained from this self-study,
I hope to empower other educators to effectively address the challenges of climate change education
and equip future generations with the knowledge and skills necessary to navigate the complexities of

a changing climate.

1.3. Statement of the problem

Climate change poses a significant threat to humanity, highlighting the crucial need for education in
this area (Abast et al., 2023). Studies indicate that formal education plays a vital role in fostering
climate change awareness (Lee et al., 2015). Schools serve as essential platforms for addressing
climate issues by equipping learners with the necessary knowledge (Drewes et al., 2018). However,
upon reviewing the South African CAPS document for Natural sciences and Technology in the
intermediate phase (Grades 4-6), a concerning gap was identified. While the curriculum incorporates
concepts related to climate change, such as water, ecosystems, weather patterns, and various energy
sources, there is a notable absence of explicit mention of "climate change" itself, particularly in the
context of global warming and rising temperatures. Addressing this gap is crucial for equipping
learners with a comprehensive understanding of climate change at a young age, particularly during
grade six, is essential. Integrating this knowledge into their educational foundation allows for a deeper

awareness and potential for positive action in the future.
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Given the identified gap in the curriculum and my current limited knowledge of effectively teaching
climate change to this age group, a self-study methodology was deemed most suitable. This approach
offers a valuable avenue for professional development, allowing me to explore effective teaching
methods in collaboration with peers and experts in the field. Through self-study, my aim was to bridge
the knowledge gap and develop the necessary skills to address this critical environmental issue within

my classroom setting.

1.4 Aim of the Study
This study aimed to explore how could I learn to teach climate change using the methodology of a

self-study.

Research Questions

This research was guided by the following questions:

Main Question:

How can I better teach learners to understand the complex science of climate change?

Sub-questions:

1. What content of climate change is suitable for Grade 6 learners?

2. How does my understanding of teaching climate change develop as I plan and teach the topic
to Grade 6 learners?

3. What should I consider and do in order to effectively teach the topic of climate change to

grade 6 learners?
1.5. Rationale and significance of the study

This study focused on learning to teach about climate change to Grade Six learners. The rationale
behind this was to learn to foster early awareness of the issues causes and consequences. Ability to
effectively introduce this topic at a young age aligns with the concept of "catching them young"
particularly relevant for sustainability issues (Sustainable Development Goals — SDG 4 and 13). By
learning to teach about climate change to learners early on, I envisaged that they can develop a sense
of responsibility and become informed citizens equipped to address environmental challenges. The
significance of this study was, therefore, twofold. Firstly, it provided me the teacher, an opportunity
to become a catalyst for positive change. By exploring effective teaching methods for climate change
education, I gained valuable professional development. Secondly, the potential publication of the
study's findings can benefit other teachers by encouraging them to critically reflect on their own

practices and identify ways to improve their teaching around climate change. This knowledge sharing
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can contribute to a collective effort in equipping future generations with the knowledge and skills

necessary to address this critical environmental concern.

1.6 Positionality

My positional stance is firmly rooted in the overwhelming scientific consensus: climate change is
real, it is primarily caused by human activity, and it poses a significant threat to our planet and future
generations. This position is supported by robust evidence from multiple independent sources,
including peer-reviewed scientific publications, governmental reports, and data collected by reputable

research institutions.

The Intergovernmental Panel on Climate Change (IPCC), the leading international body for assessing
the science related to climate change, has concluded that "it is unequivocal that human influence has
warmed the atmosphere, ocean, and land" (IPCC, 2021). This statement reflects the consensus among
thousands of scientists worldwide. The observed increases in global average temperatures, sea levels,
and extreme weather events align with the predictions of climate models that incorporate
anthropogenic greenhouse gas emissions. These data are not based on speculation or belief but on

empirical measurements and rigorous scientific analysis.

In contrast, those who believe climate change is a hoax often rely on misinformation, cherry-picked
data, and conspiracy theories. They may cite isolated studies that contradict the mainstream consensus
or dismiss the scientific process as politically motivated. Donald Trump, for example, has publicly
expressed skepticism about climate change, often referring to it as a "hoax" or a "Chinese hoax"
(Trump, 2012). His administration rolled back numerous environmental regulations and withdrew the
United States from the Paris Agreement, an international accord aimed at mitigating climate change
(Shear & Friedman, 2017). Trump's stance often emphasized short-term economic gains over long-
term environmental sustainability, and he frequently dismissed the scientific consensus as unreliable.
He would often cite cold weather events as evidence against global warming, showing a fundamental

misunderstanding of the difference between weather and climate.

The core difference between my position and that of climate change deniers lies in the reliance on
evidence-based reasoning versus ideological or political motivations. The scientific method, with its
emphasis on empirical data, peer review, and reproducibility, provides a reliable framework for
understanding complex phenomena like climate change. Dismissing this process in favor of
unsubstantiated claims and conspiracy theories is not only intellectually dishonest but also dangerous,

as it hinders efforts to address a critical global challenge.
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The consequences of inaction on climate change are severe and far-reaching, including increased
frequency and intensity of extreme weather events, sea-level rise, disruptions to agriculture, and
threats to biodiversity. Therefore, accepting the scientific consensus and taking decisive action to
mitigate climate change is not a matter of belief but a necessity for safeguarding the future of our

planet.

1.7. Conceptual framework of the study

This self-study was grounded in the theoretical framework of Topic-Specific Pedagogical Content
Knowledge (TSPCK), which emphasizes the specialized knowledge a teacher needs to effectively
teach specific content areas, (Mavhunga & Rollnick, 2013). This framework is particularly relevant
for the complex and evolving topic of climate change, especially within a self-study context where |

was both learner and teacher.

1.7.1 Topic-Specific Pedagogical Content Knowledge (TSPCK): Core tenets of TSPCK

Knowledge of learners' prior knowledge and misconceptions: This self-study acknowledged that
Grade 6 learners arrive with varying levels of prior knowledge about climate change, shaped by their
media exposure, family discussions, and limited formal education on the subject. It emphasizes the
importance of identifying and addressing common misconceptions related to climate change, such as:
Confusion between weather and climate. Belief that climate change is solely a natural phenomenon.

Feeling powerless to make a difference.

Mode of representation: TSPCK highlights the importance of using multiple representations to make
abstract scientific concepts concrete and accessible. This self-study focused on exploring and utilizing
a variety of representations to teach climate change, including visual aids (graphs, charts, images,
videos), analogies and metaphors, simulations and interactive models, real-world examples and case

studies.

Knowledge of what is difficult to teach: TSPCK recognizes that certain scientific concepts are
inherently challenging for learners, and climate change presents unique pedagogical challenges. This
self-study acknowledged the difficulties Grade 6 learners may face with: Grasping the long-term and
global nature of climate change, understanding complex scientific data and models and addressing

the emotional and ethical dimensions of climate change.

Teaching strategies: TSPCK underscores the importance of selecting and implementing effective

teaching strategies tailored to the specific content and learners. This self-study focused on strategies
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that promote critical thinking, inquiry-based learning, and active participation, such as: Project-based
learning and investigations. Role-playing and simulations. Connecting climate change to local and

personal experiences.

Curricular saliency: TSPCK stresses the importance of aligning instruction with the curriculum and
understanding the key concepts and skills that learners need to learn. This self-study will ensure that
the teaching of climate change aligns with the Grade 6 science curriculum and addresses the essential
learning outcomes. The researcher considered the relevance of climate change to learners' lives and

communities, and to connect the curriculum to real-world issues.

1.8.1 Justification for Self-Study:

While acknowledging the importance of this topic, the need for this study stems from a desire to gain
a deeper understanding of effective pedagogical approaches specifically suited for teaching climate
change to grade six students. Through self-study, this project sought to contribute to this gap in
knowledge and equip the researcher with the necessary tools to effectively address this crucial
environmental issue within the classroom setting. This methodology provides a lens through which I
explored the complexities of teaching climate change, aiming to develop effective pedagogical

practices and contribute to the development of climate literacy among young learners.

1.9. Defining the Terms

» Climate: It is the long-term weather patterns of a specific region over extended periods, typically
exceeding thirty years (Broecker, 1975).

* Climate Change: Represents a significant, long-term shift in these weather patterns across the
globe (Gkotzos, 2018).

*Global Warming: Characterizes the long-term rise in Earth's average surface temperature (Solomon

etal., 2019).

1.10 Chapter outline

Chapter 1: Laying the Groundwork: Introduction and Context

Background of the Study: This section should provide the broad context for your research. Start with
a general topic and gradually narrow it down to your specific research problem. You'll want to
introduce the main concepts and explain why this area is important to study. Problem Statement: This

19



is a crucial part of the introduction. It should be a concise, clear statement that identifies the specific
issue your research aims to address. It should highlight the gap in existing knowledge or the problem
that needs a solution. A well-written problem statement answers the question, "What exactly is the
problem this research will solve?" Research Questions/Hypotheses: Based on your problem
statement, you'll formulate the specific questions you intend to answer or the hypotheses you plan to
test. These should be clear, concise, and measurable. They will guide the entire research process.
Objectives of the Study: This section outlines the specific goals you hope to achieve. They should be
directly linked to your research questions and clearly state what you intend to do. You can have both
a general objective and several specific objectives. Significance of the Study: Explain why your
research is important and who will benefit from it. Discuss the potential contributions your study will
make to the body of knowledge, policy, practice, or a specific community. Definition of Key Terms:
Provide clear and concise definitions for the most important concepts and variables used in your

study. This ensures clarity and consistency throughout your work.

Chapter 2: Literature Review: Theoretical Framework and Existing ResearcIntroduction: Briefly
introduce the purpose of the chapter, which is to review and synthesize existing literature relevant to
your study. Theoretical/Conceptual Framework: This is where you identify the theories or concepts
that underpin your research. Explain how these frameworks are relevant and how they will be used
to analyze your data. It's the lens through which you'll view your research problem. Review of
Related Literature: This is the core of the chapter. Systematically review and discuss key studies,
articles, and books that are relevant to your topic. Don't just summarize; critically evaluate the
literature, identify gaps, inconsistencies, and areas that need further exploration. Organize this section
thematically, not chronologically, to highlight the connections between different studies. Synthesis
and Research Gap: Conclude the chapter by synthesizing the reviewed literature. Reiterate the key
findings and, most importantly, clearly articulate the research gap that your study will fill. This

connects the literature review directly back to your problem statement.

Chapter 3: Data Collection Methods: Research Design and Methodology Introduction: Introduce the
chapter, stating that you'll be outlining the specific methods used to conduct your research. Research
Design: Describe the overall strategy you'll use. Will it be quantitative, qualitative, or mixed-
methods? Explain your choice and why it's the most appropriate approach to answer your research
questions. Target Population and Sampling: Identify the population you're studying and describe the
sampling method you'll use to select participants or data sources (e.g., random sampling, purposive
sampling). Justify your choice of sampling technique. Data Collection Tools/Instruments: Detail the

specific tools you'll use to collect your data, such as surveys, interview guides, observation checklists,
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or archival records. Explain how these tools will help you gather the necessary information. Data
Collection Procedures: Describe the step-by-step process of how you will collect your data. This
should be detailed enough for someone else to replicate your process. Ethical Considerations: Discuss
the ethical issues you might encounter and the measures you'll take to address them. This includes
informed consent, privacy, confidentiality, and data security. Data Analysis Plan: Explain how you
will analyze the data you collect. If it's quantitative, describe the statistical tests you'll use. If it's

qualitative, describe the methods you'll use for thematic analysis or coding.

Chapter 4: Data Presentation and Analysis: Findings and Interpretations

Introduction: Briefly state that this chapter presents the findings from your data collection.
Demographic Profile of Participants/Sample: Start by presenting the characteristics of your study's

participants or sample (e.g., age, gender, location).

Presentation of Findings: Present the results of your analysis in an organized manner. Use tables,
charts, and graphs to visualize your data. Present quantitative findings with statistics and qualitative
findings with quotes or themes. Analysis and Interpretation of Findings: Go beyond just presenting
the data. Discuss what the findings mean. Relate your findings back to your research questions and
hypotheses, and interpret them in light of your theoretical framework and the literature you reviewed

in Chapter 2. This is where you explain the "so what?" of your data

Chapter 5: Findings, Discussions, and Recommendations: Implications and Conclusions
Introduction: Briefly introduce the purpose of the final chapter: to summarize the study, discuss the
findings, and draw conclusions. Summary of Key Findings: Provide a concise summary of the most
important findings from your study. Discussion of Findings: This is a critical section where you
discuss your findings in more detail. Compare and contrast your results with the existing literature.
Do your findings support or contradict previous studies? Explain why this might be the case.
Conclusions: Based on your findings and discussion, draw definitive conclusions that answer your
research questions. These should be a direct result of your analysis. Implications of the Study: Discuss
the practical and theoretical implications of your research. How can the findings be used? What do
they mean for the field of study? Recommendations: Propose specific recommendations based on
your findings. These can be for future research, policy changes, or practical applications. Limitations
of the Study: Acknowledge any limitations or constraints that may have affected your research (e.g.,
sample size, specific context). This demonstrates academic honesty and provides context for your

results.
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1. 11 Summary

This chapter has laid the groundwork for exploring how to effectively teach climate change to grade
six learners. I began by acknowledging the importance of education in tackling this challenge and
identified a gap in the South African curriculum regarding explicit mention of "climate change" in
the intermediate phase This gap underscores the need for educators to equip young learners with a
comprehensive understanding of climate change, particularly at the crucial stage of grade six. Given
this need and my own desire to develop effective teaching methods, a self-study methodology was
chosen. This approach allowed me to probe deeper into the topic, explore best practices in

collaboration with peers and experts, and ultimately bridge the knowledge gap in my own teaching.
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Chapter 2

Literature review and theoretical framework for the study

2.1. Introduction

In this chapter, I first explored the concept of climate change in which I defined the phenomenon,
explored its causes (primarily human activities like burning fossil fuels), and discussed its various
impacts on the planet. Secondly, I provided a historical overview of climate change summits and
conferences outlining their aims and objectives and how those aims, and objectives speak to my study.
Thirdly, I then reviewed literature on teaching and Learning about Climate Change. The review
examined different pedagogical approaches like inquiry-based learning, place-based learning,
project-based learning, and interdisciplinary approaches, all deemed effective in fostering climate
change literacy. Fourthly, I outlined the tenets of the self-study methodology. Lastly, I presented my
framework for the study which is the Topic-Specific Pedagogical Content Knowledge (TSPCK).

2.2 Climate and climate change

Climate is a long-term pattern of weather usually thirty years or more in an area, (Broecker, 1975).
Climate change is a concept that describes a long-term alteration of the weather’s patterns worldwide,
(Gkotzos, 2017). The focus of this project was learning to teach about climate change to grade 6
learners with respect to global temperatures, a phenomenon that is commonly referred to as global
warming. Global warming is the long-term heating of the earth’s surface resulting in the increase of
temperatures (Solomon et al., 1999). Global warming and hence climate change are an environmental
issue because they alter weather patterns which may cause natural disasters such as floods, droughts
and rising of sea levels. Natural disasters such as these can wipe all life on this planet, (Campos-Pais
et al., 2021). The impact of climate change on humanity can, however, be reduced if the human beings
take responsible action to stop or reduce the activities that contribute to global warming (Alexandru
et al., 2013). It is against this background that I seek to learn to teach this topic of climate change at
grade six to catch them young and groom them to be change agents and climate literate citizens with

the right knowledge of causes of the induced climate change.

The distinction between weather and climate is foundational to understanding their relationship:
weather refers to the short-term, local atmospheric conditions (e.g., a hot, sunny day), while climate

represents long-term, regional averages of these conditions over decades or centuries (NASA, 2024).



Climate change, driven by anthropogenic greenhouse gas emissions, is fundamentally altering the
Earth's energy balance, leading to a warming planet that, in turn, influences weather patterns and
increases the frequency and intensity of extreme weather events (United Nations, n.d.).The primary
driver of climate change is the accumulation of greenhouse gases in the atmosphere, which traps heat
and increases the average global temperature (United Nations, n.d.). This warming has a direct impact

on weather phenomena by changing fundamental atmospheric and oceanic processes.

Global warming is causing shifts in large-scale atmospheric circulation patterns. The uneven warming
of the planet, particularly the faster warming of the Arctic compared to the mid-latitudes (known as
Arctic Amplification), is a key factor. This phenomenon is believed to weaken the polar jet stream,
making its flow more wavy and less stable (Francis & Vavrus, 2012). This altered circulation can
lead to "blocked" weather patterns, where high-pressure systems become stalled, resulting in
prolonged periods of extreme weather, such as extended heat waves or severe droughts in some

regions and persistent heavy rainfall in others (United Nations, n.d.).

A warmer atmosphere can hold more moisture. For every $1"\\circ C$ of warming, the atmosphere
can hold approximately 7% more water vapor (Trenberth, 2011). This increased moisture acts as
"fuel" for storms, leading to more intense rainfall and a higher risk of flooding during heavy
precipitation events (U.S. Environmental Protection Agency [EPA], 2025). Conversely, higher
temperatures also increase evaporation from land and water bodies, which can intensify droughts in
areas with a lack of precipitation (European Commission, n.d.). This dual effect of more intense
rainfall and increased drought frequency highlights the complexity of climate change's influence on

the water cycle.

The field of attribution science has made significant strides in determining the extent to which human-
caused climate change influences specific extreme weather events. While it is impossible to say that
any single weather event is "caused" solely by climate change, scientific analysis can quantify how
much more likely or intense an event was due to human activity (NASA, 2024). For example, studies
have shown that the heat and dryness that fueled recent wildfires in the Iberian Peninsula were made
significantly more likely by climate change (Naishadham, 2025). This is achieved through a
combination of climate modeling and observational data analysis, comparing current weather
conditions to what would have occurred in a world without anthropogenic warming (Naishadham,

2025).

The Intergovernmental Panel on Climate Change (IPCC) has concluded with high confidence that

human-caused greenhouse gas emissions have increased the frequency and intensity of many extreme
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weather and climate events globally, including heat waves, heavy precipitation, and droughts in many

regions (IPCC, 2021).

2.2.1 Causes of induced Climate Change: The greenhouse effect and global warming

The greenhouse effect is a natural phenomenon that plays a key role in keeping the planet habitable,
(Van Zee et al., 2023). The greenhouse is mostly used in agriculture. It acts like a cozy blanket for
the planet. It allows heat and light in at acceptable temperatures conducive to a specific plant need.
The heat is trapped in the house and controlled by the farmer. In the atmosphere the gases that make
up the cozy blanket are carbon dioxide, methane, ozone and CFC. When these gases continue pilling
up in the atmosphere, they form a layer like a cozy blanket which reflects the heat back at the planet.
The increase in the amount of heat trapped results in the rise of the temperatures, (Solomon et al.,
2019). The continuous rise in temperatures is referred to as global warming.

Various factors contribute to climate change. Among the factors that contribute to Climate Change is
enhanced global warming, which is caused by human activities, (Cook, 2017). Human beings carry
many activities to sustain their livelihoods. These activities include energy generation for industry
and agriculture for their food production. Human activities like burning fossil fuels increase the
amount of carbon dioxide in the atmosphere. The air consists of nitrogen, which is 78%, Oxygen at
21% and all the greenhouse gases make up 1%. The increase in the amount of carbon dioxide in the
atmosphere results in the trapping of heat released by the earth to increase. The other greenhouse
gases like methane are released through agricultural activities and dumps. These activities result in
emitting greenhouse gases into the atmosphere. The continuous pilling up of these gases leads to
global warming (Solomon et al., 1999). The phenomenon is referred to as the greenhouse effect
because greenhouses allow sunlight and heat from the sun to enter but it does not allow it to escape
back into space. The greenhouse effect happens naturally when greenhouse gases accumulate in the
atmosphere. The continuous pilling of greenhouse gases into the atmosphere is what leads to global
warming, (McKibben, 2016). The rise in temperatures has many negative effects on humans living

on it. I will present these effects next.

2.2.2 Effects of Climate Change on humans and on the environment
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When the temperatures rise, it affects the hydrosphere, biosphere, atmosphere and lithosphere to some

extent resulting in Climate Change.

2.2.2.1 Effects of climate change on the hydrosphere: the water cycle and marine life

Climate change is intensifying the global water cycle in several ways. Rising global temperatures
accelerate evaporation from oceans, lakes, and land surfaces. While it was commonly believed that
solar radiation was the primary driver of lake evaporation, other factors like shorter ice periods and a
"reallocation" of heat energy also contribute significantly (Woolway et al., 2018). This accelerated
evaporation can lead to more intense precipitation events in some areas while exacerbating droughts
in others. The IPCC's Sixth Assessment Report confirms that human-caused climate change is already
affecting weather and climate extremes globally, leading to widespread adverse impacts (IPCC,
2023). Increased atmospheric moisture from warmer temperatures can lead to more intense and
frequent heavy downpours, causing flash floods and landslides. Simultaneously, changes in
atmospheric circulation patterns can cause areas that typically receive regular rainfall to experience
more frequent and severe droughts. Research has shown that in some regions, such as the western
United States, heat-driven evaporative demand, not a lack of precipitation, is the primary driver of

drought severity (Abatzoglou et al., 2018).

Warmer temperatures are accelerating the melting of glaciers and ice caps, a major driver of global
sea-level rise. According to the World Glacier Monitoring Service, glaciers have lost a significant
amount of ice mass since the mid-20th century, with the rate of loss accelerating in recent decades
(WGMS, 2023). This melting is the largest contributor to global sea-level rise, threatening coastal
communities and ecosystems. Additionally, regions that depend on meltwater runoff for agriculture
and drinking water, such as those in the Himalayas and the Andes, are facing severe water shortages

as glaciers recede.

The ocean absorbs a significant amount of the excess heat and carbon dioxide from the atmosphere,
leading to several critical changes. As the ocean absorbs more atmospheric carbon dioxide, its pH
decreases, a process known as ocean acidification. This acidification directly harms marine organisms
that rely on calcium carbonate to build their shells and skeletons, including coral reefs, shellfish, and
plankton (Gattuso et al., 2015). This process threatens the health of coral reefs, which are crucial for
marine biodiversity, and impacts fisheries that depend on shellfish and plankton, which form the base

of the marine food web. Additionally, oceans have absorbed over 90% of the excess heat from global
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warming (IPCC, 2023). This warming disrupts marine ecosystems by shifting the distribution and
migratory patterns of fish, which can impact fisheries. Warmer water holds less dissolved oxygen,
leading to the creation of "dead zones" where marine life struggles to survive (Breitburg et al., 2018).
As a result of both thermal expansion and melting ice, global sea levels are rising at an accelerating
rate. This rise threatens vital coastal ecosystems like mangroves and salt marshes and can destroy the
spawning grounds of fish and other marine species. Additionally, rising sea levels can cause saltwater
intrusion into freshwater aquifers, contaminating drinking water and harming agricultural

productivity.

2.2.2.2 Effects on atmosphere/carbon cycle

Carbon Sequestration: During photosynthesis, plants take in carbon dioxide from the atmosphere and
use it to produce sugars, which they use for growth and energy. This process effectively removes
carbon dioxide from the atmosphere, a phenomenon known as carbon sequestration (IPCC, 2021).
Forests act as significant carbon sinks, storing large amounts of carbon in their wood, leaves, and
soil. Therefore, if forests are destroyed at the same time fossil fuels are utilized, this is one major
cause of global warming. By removing carbon dioxide from the atmosphere, plants help to mitigate
the effects of climate change. Reducing the concentration of greenhouse gases like carbon dioxide
can slow down the rate of global warming and lessen its impacts. However, deforestation and other
human activities are reducing the number of plants on Earth, diminishing their capacity to absorb

carbon dioxide (IPCC, 2021).

2.3 Historical overview of climate change summits

The fight against climate change has been a long road, marked by international summits and
conferences that bring nations together to find solutions. Since the 1992 Rio Earth Summit, these
events have played a crucial role in shaping global action. The Rio Summit established the foundation
with the United Nations Framework Convention on Climate Change (UNFCCC), a framework for
future agreements. The Kyoto Protocol (1997) built upon this foundation by setting legally binding
emission reduction targets for developed nations. The Marrakesh Accords (2001) provided the
operational details for implementing the Kyoto Protocol. A decade later, the 2002 Johannesburg
World Summit reaffirmed Rio's principles and addressed new challenges, focusing on
implementation strategies for sustainable development. The Montreal Protocol (2005), though not

solely focused on climate, played a significant role by phasing out ozone-depleting substances, which
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also helped reduce greenhouse gases. The 2009 Copenhagen Accord aimed to establish a framework
for global action, including limiting temperature rise and strengthening financial support for
developing countries. The Cancun Agreements (2010) solidified aspects of the Copenhagen Accord
and set a path forward. The 2015 Paris Agreement marked a major turning point. It aimed to hold
global warming well below 2°C, preferably to 1.5°C, and encouraged countries to submit ambitious
climate action plans. The Agreement also emphasized transparency, accountability, and support for
developing countries. Since Paris, annual Conferences of the Parties (COPs) under the UNFCCC
track progress on implementing the Agreement. Recent COPs like Glasgow (COP26) in 2021 have
focused on strengthening national commitments and mobilizing finance. These international meetings
represent a continuous effort by the global community to combat climate change. With overwhelming
scientific consensus on the urgency of the issue, these conferences remain crucial for building
consensus and action. However, a closer look at the debates and discussions during these conferences
also show that scholars interested in issues of climate change have mixed opinions on the existence
of climate change. In the following paragraph I will discuss the opinion of those who support the

existence of climate change.

2.4 Debate on existence of climate change

2.4.1 supporters of climate chance existence

Climate change supporters, also known as believers in anthropogenic climate change, hold the
position that climate change is real and is caused by humans. The intergovernmental Panel on Climate
Change (2021) indicates that there is overwhelming consensus within the scientific community (over
97%) that supports the view that climate change is real and primarily driven by human activities (.
This perspective acknowledges the natural factors influencing climate but emphasizes the
unprecedented rate and scale of change observed in recent decades. Supporters believe human
activities like burning fossil fuels release greenhouse gases, primarily carbon dioxide, into the
atmosphere. These gases act like a blanket, trapping heat and causing global temperatures to rise
(NASA, 2023). Climate change supporters warn of the potential consequences of inaction, such
increased sea levels inundating coastal and more extreme weather events like heat waves, droughts,
and floods (Intergovernmental Panel on Climate Change, 2022). Supporters advocate for urgent
action to mitigate climate change by reducing greenhouse gas emissions through renewable energy
sources and energy efficiency measures and implementing adaptation strategies to address the

unavoidable impacts of climate change (Intergovernmental Panel on Climate Change, 2022). These
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suggestions by supporters of climate change was the motivation for this study. Catching them young
was the drive. If as teachers we can get our learners to understand from a young age the science

behind the climate change, they are likely to be supporters of climate change action tomorrow.

2.4.2 Denialist of climate change existence

Climate Change Denialists: A Spectrum of Skepticism

Climate change denialists encompass a spectrum of individuals who question or reject the scientific
consensus that human activities are the primary driver of climate change. Some denialists argue that
climate change is not happening at all, pointing to natural fluctuations in temperature as evidence
(National Geographic, 2020). Some of them dismiss scientific data on rising global temperatures
while others misinterpret weather events (Anderegg et al., 2010). These scholars acknowledge
climate change but attribute it solely to natural forces, such as solar activity or volcanic eruptions
(Anderegg et al., 2010). They downplay the role of human activities in contributing to the observed
warming trend. Some denialists focus on uncertainties within climate science research, casting doubt
on the entire field (Anderegg et al., 2010). Denialism can be motivated by economic and political
interests, particularly those tied to fossil fuel industries (Brulle, 2014). Some argue that addressing
climate change would be too costly and disrupt economic growth. Getting learners to understand the

science behind climate change prepares them to make informed choices as they grow up.

2.5.1 The teaching and learning of climate change

As indicated in the literature, climate change education is crucial in addressing the long-term
consequences of this global threat (Kroufex & Neprosk, 2023). Future generations will inherit the
effects of our actions, making it vital to equip them with the knowledge and skills necessary for a
sustainable future (Hodges, 2010). The United Nations recognizes climate change as an urgent issue
demanding immediate action (Majid et al., 2023). As such, climate change education has become
increasingly important as the urgency of addressing this global crisis. In this section, I explore the
pedagogical approaches that are used to teach natural sciences and suggest how these pedagogical
approaches can be used to teach the topic of climate change. The sustainable development goal 13 of

Agenda 2030 stipulates that learners must be central to tackle the issue of climate change by acting.

According to Domingos and Diniz (2019), teaching climate change early is the most important
positive action to address global climate. According to Cook (2017), two methods can be used to

teach climate change. These may include; inoculation and techno-cognition. Inoculation is proposes
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that people can be made more resistant to persuasive messages (like misinformation) by being
exposed to weakened forms of those messages, along with arguments that refute them. It's similar to
how a vaccine works, exposing you to a weakened virus to build immunity. In the context of
education, it involves, (Cook, 2017): Children in Grade 6 are in a critical stage of developing their
understanding of the world. Inoculating them early can help them form accurate beliefs about climate
change before they are strongly influenced by misinformation. Techno-cognition refers to the
integration of technology with cognitive science principles to improve learning (Sotti 2017). In
climate change education, this translates to using technology tools that visualize data. Interactive
simulations, 3D models, and data visualizations can make complex climate concepts like global
warming and its effects more relatable and engaging (Mayer, 2014). This method promotes active
learning. Educational games, simulations, and virtual reality experiences can immerse learners in
climate scenarios, encouraging critical thinking and problem-solving (Sailer et al., 2014). Adaptive
learning platforms can tailor content and learning pace to individual student needs, ensuring a deeper
understanding of climate change (Descamps & Collin, 2010). The technological tools mentioned
above are however, not always available. As teachers therefore, we need to look at other pedagogical
strategies and how they can be used to teach about climate change. In this section, I explore the
pedagogical approaches that are used to teach natural sciences and suggest how these pedagogical

approaches can be used to teach the topic of climate change.

2.5.2 Pedagogical approaches that are used in teaching of Natural Sciences and how they can be used

to teach the topic of climate change

Climate change is a complex issue demanding a multifaceted approach to education. There are various
approaches of teaching natural science that can also be used to teach climate change topic at grade 6.
These are inquiry-based method, place-based method, project method and interdisciplinary approach.

The various teaching methods and their utility in explaining global warming are presented below

2.5.2.1 Inquiry based method

The inquiry-based method is a highly effective approach for teaching about climate change because
it aligns with the core principles of scientific investigation. In this method, learners actively
investigate a question or problem, formulating hypotheses, collecting data, analyzing results, and
drawing conclusions (Krajcik & Blumenfeld, 2006). This process is highly relevant to understanding
climate change, as it fosters critical thinking and scientific reasoning. Students can investigate local

evidence of global warming, such as temperature changes or altered precipitation patterns, and
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research its causes and consequences. For example, learners could research historical temperature
data for their specific region, analyze the trends, and discuss potential factors influencing these
changes. This hands-on approach empowers students to move beyond passive learning, making the
abstract concept of climate change more tangible and personally relevant (National Research Council,
2012). Furthermore, by engaging in authentic research and data analysis, students can develop a
deeper understanding of the scientific consensus on climate change and the complexities of the issue,

which helps them to combat misinformation (Muller-Camenisch et al., 2021).
2.5.2.2 Place based method

In place-based method, the teacher anchors learning in the learners' local environment, connecting
classroom concepts to real-world issues (Gruenewald, 2003). Its relevance to the teaching of climate
change is as follows; learners can explore the local impacts of global warming, like changes in plant
and animal life, water levels, or agricultural practices. This personalizes the issue and promotes
community engagement. Taking for example; learners visit a local farm or their school garden to
understand how changing weather patterns impact crop yields and discuss potential adaptation

strategies.

2.5.1.3 Project method

In this method learners collaborate on a project to solve a problem or answer a question, applying
their knowledge and skills (Buckleit & Menzel, 2015). The relevance to climate change: Learners can
design solutions to mitigate the effects of global warming or create campaigns to raise awareness.
This promotes teamwork, problem-solving, and communication skills. For instance; learners design
a school garden that utilizes water-saving techniques and drought-resistant plants, promoting

sustainable practices.

2.5.1.4 Interdisciplinary approach

In this approach learners integrate knowledge and skills from various disciplines into a single learning
experience (Jacobs, 2014). Its relevance to the teaching of climate change and global warming is a
complex issue with scientific, social, economic, and political dimensions. An interdisciplinary
approach allows learners to understand these interconnected aspects. For example; learners analyze
the economics of renewable energy sources in a science class, then write persuasive essays in a

language arts class advocating for their adoption.
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2.6 What is difficult to teach and learn about climate change

Climate change presents a unique challenge for teachers (Chiu & McKenna, 2019). The topic itself
is inherently complex, encompassing intricate scientific processes like the greenhouse effect and
global atmospheric circulation. Learners might struggle to grasp the scale of the issue, the timeframes
involved (as changes can be gradual), and the interconnectedness of various environmental factors.
This can be particularly challenging for younger learners who are still developing their research skills.
Scientific Complexity: Climate change is a complex issue that involves a vast amount of scientific
data and modeling. Presenting this information in a way that is understandable to learners of different
ages and backgrounds can be challenging (SERC, n.d.).

Emotional Impact: The potential consequences of climate change can be frightening and
overwhelming for learners. Teachers need to find a balance between presenting the scientific facts
and helping learners feel empowered to act (Harvard Graduate School of Education, 2020).
Preconceived Notions: learners may come to class with pre-existing beliefs about climate change,
sometimes influenced by family or community views. Teachers need to be prepared to address
misconceptions and encourage critical thinking (Edutopia, 2023).

Political Controversy: Climate change has become a politicized issue in some regions. Teachers may
be hesitant to discuss it for fear of sparking controversy or offending parents (Education Week, 2019).
Teacher Knowledge and Confidence: Not all teachers feel comfortable or well-equipped to teach
climate change. They may need professional development opportunities to deepen their
understanding of the science and effective teaching strategies (Ascd, 2023). A strong foundation is
therefore, crucial for educators to tackle climate change education. Firstly, teachers themselves need
a deep understanding of the scientific principles behind climate change and its far-reaching
consequences (Abasto et al., 2023). This knowledge equips them to address student questions and
communicate the complexities of the issue. However, content knowledge alone isn't enough. Teachers
also need pedagogical content knowledge. As Shulman (1986) highlights, successful teaching hinges
on pedagogical content knowledge — the ability to translate that scientific understanding into engaging
and age-appropriate learning experiences. By mastering both content and pedagogy, teachers can
empower learners to grasp complex topics and become active participants in climate change solutions.
By utilizing engaging teaching methods, clear visualizations, and age-appropriate language,

educators can bridge the gap and make these concepts more accessible to learners.

Climate change education can be most effective when it utilizes a variety of engaging methods. As
indicated earlier, inquiry-based learning, as advocated by Stevenson (2017), can encourage learners

to actively investigate the science behind climate change, its impacts, and potential solutions. This
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fosters critical thinking and empowers students to become active participants in the learning process.
Place-based learning (Grunewald & Smith, 2015) allows students to connect climate change to their
own local environment, making the issue more relevant and fostering a sense of ownership. Project-
based learning (Stern et al., 2018) takes this a step further by engaging students in projects that address
real-world challenges posed by climate change. This instils a sense of agency and encourages learners
to become proactive in finding solutions. Moreover, an interdisciplinary approach (Moch et al., 2019)
that integrates climate change across various subjects like science, social studies, and even art,
provides a well-rounded understanding of the issue and its multifaceted impacts. Additionally,
facilitating discussions about the scientific, social, and ethical dimensions of climate change, as
suggested by the socio-scientific issues approach (Sadler, 2004), encourages critical thinking and
fosters informed decision-making. Finally, Liu and Fang (2013) highlight the importance of
technology in climate change education. Utilizing simulations, data visualization tools, and online
resources can help bring abstract concepts to life and enhance student learning. By implementing this
range of teaching methods and equipping teachers with the necessary knowledge and skills,
educational institutions can empower future generations to become climate change literate and active

participants in tackling this pressing global challenge. The study uses self-study methodology.

Moved to chapter 3

2.7 Theoretical Framework

This study adopted the Topic-Specific Pedagogical Content Knowledge (TSPCK) framework
developed by Mavhunga and Rollnick (2013). This is because the model focuses on the specific
knowledge and skills teachers need to effectively instruct on a topic, in this case, climate change.
TSPCK was developed from Shulman's (1986) concept of Pedagogical Content Knowledge (PCK),
TSPCK focuses specifically on the knowledge and skills required to effectively teach a topic.

2.7.1 Shulman's PCK Model

Shulman's foundational model identified seven key components crucial for effective teaching,
(Shulman, 1987). These components are content knowledge, pedagogical knowledge, curriculum
knowledge, knowledge of learners, knowledge of context and knowledge of educational ends.
Content knowledge is about an understanding of the subject matter itself. Pedagogical knowledge is
about proficiency in various teaching methods. Curriculum knowledge is bout familiarity with the
curriculum guidelines and resources. Knowledge of learners is about understanding learners'

strengths, weaknesses, and prior knowledge. Knowledge of context is about considering the social
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and environmental factors influencing teaching and learning. And knowledge of educational ends is
about setting clear learning objectives and aligning them with broader educational goals. The

construct of PCK became a debatable issue as it evolved.

2.7.2 Evolution of PCK

Shulman's model laid the groundwork, but scholars recognized the need for further refinement.
Researchers like Cochran et al. (1993) emphasized that PCK is not static. A teacher's knowledge and
skills develop and evolve through experience. Veal and MaKinster (1999) proposed a hierarchical
view of PCK, suggesting different levels of knowledge specific to domains and even individual
topics. Some scholars, like Bromme (1995), critiqued the lack of a strong theoretical foundation in

Shulman's initial model.

The Evolution of Shulman's PCK Construct: From 1986 to the 2012 Consensus Model
Shulman's concept of Pedagogical Content Knowledge (PCK) has undergone significant refinement
since its introduction in 1986. Here's a breakdown of this evolution and the key tenets of the 2012

Consensus Model:

1986: The Birth of PCK

Shulman (1986) first proposed PCK as a distinct category within a teacher's knowledge base. He
described it as the "special amalgam" of Content knowledge (understanding of the subject matter)
Pedagogical knowledge (general teaching practices) Knowledge of learners and their characteristics
(Brinkerhoff et al., 2003) This initial conceptualization focused on PCK as a single, unified construct.
The Evolving Landscape of PCK

Following Shulman's initial work, researchers began to explore PCK in more detail, leading to a
period of diversification in its understanding (Abell, 2008). This resulted in specificity of PCK where
researchers recognized that PCK is not a single entity but varies depending on the specific subject
matter and grade level being taught (Magnusson et al., 1999). Ideas emerged about the nature of PCK,

with different models proposing various sub-components (Cochran et al., 1993).

The Need for Consensus

The lack of a unified model for PCK created challenges in research and teacher education. This
spurred efforts to develop a more standardized understanding, leading to the 2012 Consensus Model.
The 2012 Consensus Model’s key Tenets were developed through international collaboration
(Carlson, 2012), the 2012 Consensus Model presents a more nuanced picture of PCK. Here are its

major tenets: The model proposes three distinct, but interrelated, realms of PCK; collective PCK
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which refers to the shared knowledge base of teachers within a specific domain (e.g., best practices
for science teaching). Personal PCK which represents the individual teacher's unique understanding
and adaptation of PCK based on their experience and context. Enacted PCK which focuses on how
teachers put their PCK into action during instruction, considering student needs and classroom
realities (Carlson, 2012). The model emphasizes the dynamic nature of PCK. The three realms are
not static, and knowledge flows between them through reflective practice and interaction with
colleagues and students (Loughran et al., 2012). The 2012 Consensus Model positions PCK as central
to effective teaching practice. Through understanding the complex interplay of the three realms,

educators can make informed decisions to optimize student learning (Shulman, 2005).

2.7.3 The Consensus Model and Emergence of TSPCK

Building on the Consensus Model, Mavhunga and Rollnick (2013) proposed a TSPCK model
specifically tailored to address the intricacies of teaching a particular topic. This model highlights the
following crucial aspects:

Learner Prior Knowledge: 1dentifying and addressing learners' existing understanding, including
potential misconceptions, regarding the topic (Chen 2011). Learners often bring in pre-existing ideas
or incomplete understandings about climate change. These might be based on everyday observations,
media portrayals, or even casual conversations. In the topic of climate change, some common
misconceptions include:

Climate change is a natural cycle and not caused by human activity, only polar regions are affected
by climate change, and the effects of climate change are not immediate and pose no real threat. If
these misconceptions are not addressed directly, they can act as barriers to learning accurate scientific
information. What learners already know about climate change provides a foundation for building
new knowledge. Teachers can identify areas where learners have a grasp of the concepts and focus
on clarifying or expanding their understanding.

Curricular Saliency. Selecting age-appropriate content that aligns with curriculum requirements.
This ensures that the climate change information taught aligns with the specific learning objectives
and developmental stages of the target student population (Grade Six in this case). The teacher, acting
as both educator and learner in this study, needs to ensure the chosen content aligns with the official
curriculum documents (CAPS and ATPs) for Grade Six. These documents outline the specific
learning objectives and expected learning outcomes related to climate change that students should
achieve. Age-Appropriateness is also important. The complexity of the information presented must
be tailored to the students' cognitive abilities and understanding level. For Grade 6 learners, the focus
should be on foundational concepts like the greenhouse effect, human impact on climate change, and

the basic consequences like rising temperatures and extreme weather events. Introducing overly
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complex scientific jargon or in-depth discussions on climate change feedback loops might not be
suitable for this age group.

Identifying Teaching Difficulties: Recognizing challenging concepts within the topic and developing
effective strategies to address them, (Mavhunga and Rollnick 2013).. Within the TSPCK framework,
identifying teaching difficulties plays a crucial role. This involves recognizing specific concepts
related to climate change that students might find challenging to grasp and subsequently developing
effective strategies to address these difficulties. Climate change encompasses various scientific
phenomena and their complex interactions (Monroe et al 2019). Some concepts learners might find
particularly challenging include: Understanding the intricate mechanisms of how certain gases trap
heat in the atmosphere. Grasping how specific changes in the climate system can accelerate or amplify
the overall warming process. Appreciating the gradual yet significant changes occurring over
extended periods. These concepts can be abstract and involve unfamiliar scientific terminology,
making it difficult for students to visualize the cause-and-effect relationships. The teacher, acting as
both the researcher and learner in this context, needs to identify these potential hurdles in learner
understanding (Monroe et al 2019).

Representations: Utilizing various teaching aids (visuals, simulations, etc.) to enhance learner
comprehension. Understanding complex scientific phenomena like climate change requires effective
communication strategies (Monroe, et al., 2019). The TSPCK framework emphasizes representations
as a crucial tool. This refers to utilizing various teaching aids like visuals, simulations, and models to
enhance learner comprehension. Climate change involves abstract data and intricate concepts. Here's
where representations come in: Charts, diagrams, and illustrations can effectively represent data on
rising temperatures, sea level changes, and the greenhouse effect. These visual aids help students
grasp the issue's scale and global impact. Tangible representations like globes or models of the Earth's
atmosphere provide a concrete understanding of the climate system and its interacting components.
Implementing effective pedagogical methods to facilitate student learning and engagement with the

specific topic.

2.7.4 Why TSPCK for this Study

By focusing on TSPCK, this research explores into the specific knowledge and skills required to
effectively teach climate change to grade six learners. Each component of the TSPCK framework
plays a vital role:

1. Understanding learner misconceptions about climate change.

2. Selecting age-appropriate content that adheres to curriculum guidelines.

3. Recognizing the complexities of teaching specific climate change concepts.

4. Utilizing effective visuals and other representations to enhance student learning.
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5. Implementing engaging teaching strategies tailored to the topic of climate change.

Therefore, TSPCK serves as a robust framework for investigating how the researcher, acting as both
teacher and learner, can develop the necessary knowledge and skills to effectively teach climate
change to a specific learner population. This study is designed to capture my TSPCK when teaching

the topic of climate change in grade six.

2.8 Summary

This chapter has provided a comprehensive overview of the theoretical and contextual framework
underpinning this self-study research on teaching climate change to grade 6 learners. I began by
establishing a clear understanding of climate change, its causes, and its multifaceted impacts on the
planet, emphasizing the urgency of addressing this global challenge. The historical overview of
climate change summits and conferences highlighted the ongoing international efforts to combat
climate change, setting the stage for the importance of education in this arena. The literature review
explored various pedagogical approaches, such as inquiry-based, place-based, project-based, and
interdisciplinary learning, which have been identified as effective strategies for fostering climate
change literacy. The discussion on inoculation and techno-cognition methods further provided
insights into practical techniques for teaching complex concepts and combating misinformation. The
chapter also addressed the contentious debate surrounding the existence of climate change, clearly
outlining the scientific consensus supporting anthropogenic climate change and contrasting it with
the viewpoints of denialists. The researcher's position, firmly grounded in scientific evidence, was
articulated, emphasizing the importance of empowering students with accurate knowledge and
fostering a sense of agency. The tenets of self-study methodology were outlined, laying the
foundation for the research design and data collection methods discussed in the subsequent chapter.
Finally, the chapter presented the Topic-Specific Pedagogical Content Knowledge (TSPCK)
framework, which guided the researcher's exploration of effective teaching strategies. The next

chapter is the methodology chapter.
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Chapter 3

Research Design and Methodology

3.1 Introduction

This chapter outlined the methodological framework employed in this self-study research, focusing
on the researcher's journey of learning to teach climate change to grade 6 learners. Utilizing a
qualitative approach, specifically self-study, this research aimed to delve into the subjective
experiences and evolving practices of the researcher. The methodology presented was underpinned
by the tenets of self-study, and include critical reflection, systematic inquiry, and the integration of
theory and practice. The pivotal role of a critical friend was highlighted, emphasizing their
contribution to clarifying the research focus, strengthening methodology, and enhancing reflection.
Data collection methods presented include curriculum documents, video recordings of teaching
sessions, and reflective journaling alongside critical friend discussions. These methods were selected
to explore the suitability of climate change content, the development of teaching practices, and the
effectiveness of self-study in enhancing pedagogical knowledge. The data analysis approach
incorporated document analysis, thematic coding for video recordings, and reflective analysis for
journal entries and critical friend discussions, ensuring a rigorous examination of the collected data.
Ethical considerations, including informed consent, right to withdraw, confidentiality, and
transparency, were addressed to uphold the integrity of the research. Furthermore, strategies such as
triangulation and rigorous self-reflection were employed to ensure the trustworthiness and validity of

the findings.

3.1.1 Research approach

This study followed the qualitative approach because it is subjective. The qualitative researchers
hold that the truth is subjective lived experience and social realities of individuals or groups,
(Creswell, 2014). The qualitative researchers are postpositivist who emphasise inductive reasoning,
(Morse, 2010). Their opponents are quantitative researchers whose worldview is that the only way to
arrive at the truth is through empirical means, (Creswell, 2014). The quantitative emphasise deductive

reasoning, (Creswell and Poth 2018).
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3.1.2 Methodology-Self-study
Self-Study Methodology

Self-study is a unique research approach where the researchers themselves become the subject of
investigation (Nyamupangedengu, 2024). It involved reflecting on personal experiences, including
successes, challenges, and areas of growth encountered during the teaching process (Samara and
Freese, 2006). This methodology offered several benefits for my development. By critically
examining my thoughts, actions, and experiences, I gained a deeper understanding of my practice,
leading to personal and professional growth (Richards and Nilsen, 2012). Self-study also fostered
critical thinking skills as I analysed my own data and draw independent conclusions, further refining
my problem-solving abilities (Creswell, 2014). Successfully completing a self-study project can also
boost confidence and equip teachers like myself with the skills necessary for independent research
(Richardson, 2000). Beyond personal growth, self-study contributes to professional development by
translating research insights into practical applications. Teachers can leverage their findings to refine
their instructional methods, fostering innovation and enhancing the effectiveness of their teaching
(Smith and Lytle, 1990). Additionally, self-study offers flexibility, allowing researchers to tailor their
inquiry to their specific interests and areas of exploration (Denzin and Lincoln, 2005). However, self-
study also presents certain challenges. Formulating clear research questions can be a hurdle and
maintaining objectivity can be difficult due to the inherent subjectivity of the process (Creswell and
Poth, 2018). Furthermore, the absence of peer review and expert feedback can increase the risk of
overlooking potential biases within the research (Morrow, 2000). In this study, the researcher, I,
employed the self-study methodology to learn to teach about climate change to grade six learners.

This approach allowed for in-depth reflection on my teaching.

Self-study is both an area of research and a research methodology. As an area of research, self-study
focuses on teachers conducting research to better understand and develop their knowledge of practice
(Berry, 2018). It involves reflecting on personal teaching experiences, challenges, frustrations, and
dilemmas in the pursuit of new knowledge (Samaras and Freese, 2006). There are other areas of
research which share commonalities with self-study. These research types include; narrative
inquiries, phenomenology, action research, critical ethnography, autoethnography ref. Self-study
makes use of critical friendships (CF) who are trusted, respected and an expert who helps the
researchers in his/her journey of exploration and reflection, (Creswell, 2014). Critical friend offers
constructive criticism, challenges the assumptions, and improves the rigor and depth of the research.
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Self-studies help teacher learn about themselves and improve their practice (Samaras and Robert
2011). The key aspect of self-study is a willingness to be vulnerable and share experiences of teaching
and interacting with students. This fosters personal agency and enables continuous transformation of
teaching practices through dialogue with oneself and others. As a methodology, self-study involves
reflecting on and critiquing one's own teaching practices, beliefs, and assumptions, leading to
knowledge that improves one's practice (Samaras and Freese, 2006). The methodology includes
elements of reflective practice, collaboration, journaling, dialogue, and critical friendships. Critical
friendship involves acting as a sounding board, asking challenging questions, supporting reframing
of events, and participating in professional learning experiences. These aspects of self-study make it

suitable for use in this research as they align with the aims and objectives of this project.

The tenets of self-study

This study was a self-study in which I investigated how to teach about climate change to grade six

learners.

2.7.1 Outlining the tenets of self-study

Self-study research is a unique approach to scholarly inquiry where educators investigate their own
professional practice ( Nyamupangedengu 2024). It's a cyclical process of exploration, reflection, and
action (Bullough & Pinnegar, 2001). Unlike traditional research methods, self-study focuses on the
researcher's experiences and their context, aiming to improve their practice and contribute to the

broader field of education.

3.1.3 Key Tenets of Self-Study Research

Focus on Practice: Self-study research explores into a specific teaching practice or issue encountered
in the classroom (Pinnegar & Thomas, 2007). This allows educators to critically examine their own
actions and their impact on learners. Rigorous Reflection: Deep, critical reflection is central to self-
study research. Educators analyze their practice, considering underlying assumptions, successes, and
challenges (Chang, 2008). Multiple Perspectives: While self-study originates from the researcher's
experience, it's valuable to consider other perspectives. This can involve involving colleagues,
learners, or educational literature to enhance the study's depth (Nyamupangedengu, 2024).

Contribution to Knowledge: Self-study research should not be solely self-serving. It should aim to
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contribute new knowledge or insights to the field, even if on a smaller scale, by sharing successful

practices or lessons learned (Samaras, 2013).

Applying Tenets to Climate Change Education: These tenets can be fruitfully applied to the topic of
teaching climate change to grade 6 learners. A self-study could investigate the effectiveness of a
specific teaching strategy for engaging learners in climate change science (e.g., simulations, debates,
or creative projects). The researcher would reflect on the learning environment, learners' responses,
and their own facilitation, identifying areas for improvement in teaching climate change concepts
(rigorous Reflection). Feedback from colleagues and learners can be incorporated to understand how
well the chosen teaching strategy resonates with them. Additionally, research on effective climate
change education practices could inform the study (multiple Perspectives). By documenting the self-
study and its findings, the educator could contribute to the field by sharing a successful approach to
teaching climate change to grade 6 learners (Contribution to Knowledge). This could inspire other
educators and improve overall climate change education practices. Hence, through self-study
research, educators can become more effective facilitators of climate change understanding in

learners, ultimately shaping future generations prepared to address this critical challenge.

2.1.4 Critical friendship

A critical friend in self-study research plays a vital role in supporting and challenging the researcher
to improve the quality and rigor of their work. A good critical friend is an expert, critical thinker,
supportive and trustworthy, active listener and open-mindedness. A critical friend should have a good
understanding of the researcher’s field and self-study methodology (Samaras, 2002). This allows them
to provide relevant feedback and suggestions. A critical friend should be able to ask insightful
questions that challenge the researcher's assumptions and biases (Loughran, 2004). They should be
able to identify potential weaknesses in the study design or analysis. The relationship between the
researcher and critical friend should be built on trust and mutual respect (Schuck & Russell, 2005).
A good critical friend offers constructive criticism in a way that is encouraging and supportive. They
should be able to listen attentively to the researcher's ideas and experiences, seeking clarification
when needed (Yost, et al., 2000). A critical friend should be open to different perspectives and willing

to engage in thoughtful discussions (Samaras, 2002).

Open-Mindedness: The role of a critical friend goes beyond simply providing feedback on the final
product. Here's how they contribute to the self-study process:
Clarifying Research Focus: They can help the researcher refine their research question and ensure it

aligns with the overall goals of the self-study (Samaras, 2002).
41



Strengthening Methodology: A critical friend can offer suggestions on data collection methods,
analysis strategies, and how to ensure the trustworthiness of the research (Loughran, 2004).
Enhancing Reflection: Through challenging questions and discussions, they can push the researcher
to critically reflect on their experiences and assumptions, leading to deeper insights (Schuck &
Russell, 2005).

Identifying Bias: A critical friend can help the researcher identify potential biases in their
interpretations and consider alternative perspectives (Yost, et al., 2000). In the following paragraph I

present my theoretical framework.

3.1.5. Reflective Practice

Reflective practice, as a core tenet of self-study, was central to this framework. It involved my
systematic and critical examination of my teaching experiences, beliefs, and assumptions,
(Nyamupangedengu, 2024). This process of reflection enabled me to identify areas for improvement,
refine pedagogical strategies, and deepen my understanding of climate change education. Reflective
journaling, video analysis, and discussions with critical friends were employed to facilitate this

Process.

3.2 Participants

Being a self-study, this research involved two primary participants:

The Researcher: As the researcher, acting as the focal point of the study, I actively examined my own
teaching practices and learning journey related to climate change education.

The Learners: The learners served as indirect participants in this research. Their presence was crucial
as I had to implement and refine teaching strategies while reflecting on their effectiveness in
facilitating student learning about climate change. As the researcher, I was the central figure actively
engaging in self-examination and development. Learners participated by being involved in the

teaching process, although the focus of the study lied on my learning and teaching practices.

3.3 Methods of data collection

This self-study delved into climate change education through a multifaceted approach, employing
various methods to gather data and address the research questions. Firstly, the study involved a

thorough document analysis of public resources. A document could be an artefact, inscribed text or
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pre-existing text (Morgan, 2022). In this study, the documents that were analysed included the
national Curriculum Assessment Policy Statements (CAPS) and Annual Teaching Plans (ATPs) for
both Natural Sciences and Technology (NST) and Social Sciences (SS) within the intermediate phase
(Grades 4-6). This analysis aimed to:

Identify the specific climate change concepts explicitly addressed within the curriculum.

Assess the depth at which these concepts are covered, examining the level of detail and complexity
expected for students.

Uncover potential content gaps where crucial aspects of climate change education might be missing.
The data obtained from this analysis was instrumental in answering the first research question: "What

content of climate change is suitable for Grade 6 learners?”

Secondly, I engaged in video recording of my teaching practices related to climate change education.
Four one-hour lesson sessions were captured on video. Reviewing these recordings allowed for:
Reflection on my teaching effectiveness, enabling me to identify areas for improvement in my
teaching strategies (Jordan and Handerson 2011). This data primarily contributed to answering the
second and third research question: "How does my understanding of teaching climate change develop
as I plan and teach the topic to Grade 6 learners?” And to “What should I consider and do in order

to effectively teach the topic of climate change to grade 6 learners?”

Finally, the study incorporated reflective journaling and critical friend discussions. I maintained a
dedicated journal to document my thoughts, feelings, and observations related to teaching climate
change. Additionally, engaging in discussions with a designated "critical friend" provided valuable
feedback and external perspectives on the teaching approach employed. Data from both the journal
entries and critical friend discussions were used to address the third research question: "How can self-
study support the development of my knowledge and practice in teaching climate change?"

By employing this multifaceted approach, I sought to gain a comprehensive understanding of the
existing curriculum content related to climate change (through document analysis), the effectiveness
of my own teaching practices (through video recording and self-reflection) and areas for improvement
and development in my teaching approach (through critical friend discussions). This combination of
methods allowed me to carry out a well-rounded investigation into climate change education within
the intermediate phase, ultimately aiming to contribute to the development of effective teaching

strategies on this crucial topic.

Table 3.1 Showing the research questions versus the type of data needed to answer them
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Research Question

Types of data to answer the research question

1 What content of climate change is suitable

for grade 6 learners?

Document analysis of CAPS and Annual

Teaching Plans for grades 4-6 of Natural

Sciences and Technology and Social Sciences

to find the content gap. Scholarly literature

2 How do I teach learners to understand the | Video recordings of my teachings of four

complex science of climate change? lesson on climate change with specific

references to global warming.

3 What should I consider and do in order to | Diary and journal reflective entries with

effectively teach the topic of climate change to | experts and my critical friends

grade 6 learners?

3.4 Data analysis

This self-study adopted a multifaceted approach to analysing the collected data, delving deeper into
the various information sources.

3.4.1 Document Analysis (CAPS & ATPs)

Method: 1 closely read the curriculum documents (CAPS & ATPs) which was accompanied by
notetaking and interpretation guided by the knowledge of climate change as described in chapter 2.
(see chapter 4, section 4.2.1 on page 42, for the detailed description of the analysis process)
Self-Reflection: 1 critically evaluated, my assumptions about the information presented in the
curriculum, any potential biases influencing my interpretation of the documents See the extract from

journal entry below

You: Hey Stacy, thanks for meeting. I've been digging into the CAPS and ATP for Grade 6 NST,

trying to pinpoint where climate change concepts fit in. It's a bit of a puzzle.
Stacy: No problem! So, where are you finding the overlap, and where are you getting stuck?

You: Well, | see some connections in the "Planet Earth and Beyond" strand, especially when it
mentions weather and the Earth's systems. But it feels a bit scattered. I'm wondering if I'm

missing some key connections, or if | need to draw some lines myself.

Fig 34 above is an extract from my conversation with my critical friend

3.4.2 Analysis of lesson plans
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Informed by the TSPCK framework, I reflected on my lesson plans with my critical friend and I also

sought feedback from my supervisor and an expert (see chapter 4.2 for details)

3.4.3 Analysis of video recordings
The audio recordings from the four lessons were transcribed and just as with lesson plans, I reflected

on my teaching with the help of my critical friend and my supervisor.

3.4.4 Reflective Journal Entries and Critical Friend Discussions

This phase involved self-reflection analysis. I engaged in critical self-examination, focusing on
identifying any assumptions or biases reflected in my journal entries and analysed the influence of
my critical friend's feedback on my teaching approach and self-awareness (Creswell 2014). I was also
evaluating the overall value of self-reflection and discussions with my critical friend in my learning
journey. Employing this multifaceted approach, enabled me to gain a comprehensive understanding
of the research questions through critical examination and self-reflection, leading to a deeper

exploration of climate change education in the intermediate phase.

3.5 Ethical issues

While self-study focuses on the researcher as the primary subject, ethical considerations remain
paramount. I applied for ethics clearance from both my university and from the Northwest department
of Education which was granted (see Annexures 5 and 6 (pages 86 to 89).

Informed Consent: Parental consent was obtained for all student participants involved in the research
activities. Learners were presented with an age-appropriate assent form explaining the study's
purpose and their voluntary participation (Annexure 4). Right to Withdraw: Participation in this
research was entirely voluntary, and students (with parental guidance) had the right to withdraw at
any stage without consequence. Confidentiality: Real names or any other identifying information was

not disclosed in the research report or any related publications.

3.6 Trustworthiness and Mitigating Bias

Transparency: 1 acknowledged the potential for personal biases and strived for transparency
throughout the research process. This included disclosing my personal biases or assumptions that
might influence the study, clearly outlining my role as both subject and investigator.

Triangulation: To strengthen the research's credibility and mitigate potential bias, I collected data
from multiple sources including document analysis, video recordings, reflective journaling and

critical friend discussions
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Rigor: By employing various data collection methods and engaging in critical self-reflection, the
research aimed to achieve a deeper understanding and enhance my personal growth in teaching

climate change.

3.6 Validity/reliability and Trustworthiness

In a self-study the researcher discloses his/her bias transparently. The disclosure is crucial for ethical
research practice. There is no power dynamics because the researcher is the main subject of the
research. Triangulation of data help to mitigate the bias. The data from documents analysis, video
recordings and diary entries together with conversation notes with a critical friend helped enhance

the rigor and deeper insights and personal growth.

3.7 Summary

This chapter outlined the research design and methodology employed in this self-study, providing a
robust framework for investigating the researcher's journey in teaching climate change to Grade 6
learners. By adopting a qualitative approach, specifically self-study, the research aimed to capture the
subjective experiences and evolving practices of the researcher.

The methodology, grounded in the tenets of self-study, emphasized critical reflection, systematic
inquiry, and the integration of theory and practice. The pivotal role of a critical friend was highlighted,
underscoring their contribution to refining the research focus, strengthening methodological rigor,
and enhancing reflective depth.

The chapter detailed the data collection methods, including document analysis of curriculum
documents, video recordings of teaching sessions, and reflective journaling, alongside critical friend
discussions. These methods were strategically selected to address research questions related to the
suitability of climate change content, the development of teaching practices, and the effectiveness of
self-study in enhancing pedagogical knowledge. Ethical considerations, including informed consent,
right to withdraw, confidentiality, and transparency, were addressed to uphold the integrity of the
research. Strategies such as triangulation and rigorous self-reflection were employed to bolster the
trustworthiness and validity of the findings. The discussion of validity, reliability, and trustworthiness
in the context of self-study highlighted the importance of transparency, disclosure of bias, and
triangulation. In the next chapter I presented the findings derived from the data analysis, building

upon the methodological foundation established in this chapter.
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Chapter 4

Data analysis, presentation of findings and discussion

4.1 Introduction

In this study, I investigated how to teach the topic of climate change to grade 6 learners. The questions

that guided this study were:
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Main Question: How do I teach grade 6 learners to understand the complex science of climate change?

Sub-questions:

1  What content of climate change is suitable for Grade 6 learners?

2 How does my understanding of teaching climate change develop as I plan and teach the topic to
Grade Six learners?

3 What should I consider and do to effectively teach the topic of climate change to grade 6 learners?

As outlined in chapter 3, I used the following data sources: curriculum documents (syllabus and
teaching plans), scholarly literature, my lesson plans, video/audio-recordings and learners’ work,
journal entries of my reflections and MS Teams transcripts of my discussions with critical friends.
Below, I presented how I analysed the data that I collected to get the findings to answer my research

questions. In the next section I am going to present my data analysis and presentation of findings.

4.2 Data analysis and presentation of findings

4.2.1 Analysis of my first dataset-CAPS syllabus and teaching plan

My first dataset was made of the CAPS document and ATPs of grade 4 -6 from the Natural Sciences
and Technology syllabus. The analysis of these documents aimed to look for concepts and topics that
are related to climate change that learners from grade 4 to 6 are taught. I read through the documents
highlighting all the concepts related to climate change. My description of the content that makes up
the topic of climate change in chapter 2, section 2.5 informed the analysis of the syllabus documents.

Fig 4A below is a coded extract from the CAPS document showing my analysis/coding.

TERM 1 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK & WEEK T
GAPS TOPIGS Life and living
Living and non-living thinga Structurs of plants and animala :';:t plants nssd to Habitats of animals
CORE CONCEFTS, (s Living things * Structure of plaris Conditiors for growdh + [Different halbtats
m‘-&;’"“ o Honiving things * Structure of animals o Need for ahabita
Grad
e4
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Grad |,

€ 5 TERM 1 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK & WEE
GCAPS TORIGS Lifie and living
Plants and animals on Earth Animal akelatona Skalstons as structurss Food chaina
GORE GONGEPTS, * Many different plants and animals # Sheletons of Frame and shell stuchres Faood and feeding
SKILLS AND  Inferd . vertebrates
S * Movement
* Animal types
Grad
eb
WEEK 4 WEEK S WEEK 6 WEEK7 WEEK S WEEK ¢

Energy and change and systems and control

Electrical conductors and insulators Systems to solve problems Mains slectricity
o Conductors Using electnc orcuts o Fossi fuels and electricity
o Insuators o Cost of electicity

¢ Renewable ways to generate electicty|

Fig 4. A showing extracts from ATPs and CAPS documents

After going through the grade 4 section, I asked my friend to check my coding through the documents

to see if I had missed any concept. The blue highlight indicates the additions by my critical friend.

Any differences between our coding was discussed and ironed out. After this validation process, I

proceeded to read through the grades 5 and 6 sections Table 4.1 below shows the concepts related to

climate change that I identified from the syllabus documents

Table 4.1: Concepts related to the topic of climate change found in the NS syllabus documents for

grades 4 to 6

GRADE | CONCEPT/TOPIC COVERED

(scarcity of water).

balances.

4 Water: This grade might cover the water cycle and its importance for life. / can connect

this to the potential impact of climate change on water availability and drought

Ecosystems: A basic introduction to ecosystems might be provided. I can highlight the

importance of a balanced ecosystem and how climate change could disrupt those

5 Habitats, food chains and food webs. Species are unable to adapt to changing of

conditions which affect the stability of organisms which leads to extinction of some
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species or creation of new species. The food chains and food webs when they are not
balanced, for example having more herbivores can lead to overgrazing which may lead

to desertification.

6 Energy Transfer: Concepts of energy transfer and transformation can be linked to the
discussion of different energy sources. Look for opportunities to discuss renewable vs.
non-renewable energy sources and their potential impact on the environment (e.g.,
burning fossil fuels releases greenhouse gases). The greenhouse gases cause global
warming which is the major cause of anthropogenic climate change.

Photosynthesis: This topic might be covered as part of plant life and nutrition. Highlight
how photosynthesis removes carbon dioxide from the atmosphere and releases oxygen.
Connect this to the role of plants in mitigating climate change.

Carbon Dioxide: While not explicitly mentioned as a greenhouse gas, discussions

about plant respiration could touch upon carbon dioxide production (DBE 2011).

4.2.1.2 Explanation of how the concepts in Table 4.1 above are linked to the topic of climate change.

Water cycle in grade 4: The water cycle, a fundamental concept taught in Grade 4 NST, is intrinsically
linked to the complex issue of climate change. The continuous movement of water through its various
states (solid, liquid, gas) is being disrupted by global warming, leading to significant alterations in
rainfall patterns and an increased frequency of extreme weather events like floods and droughts (see
section 2.5). The water cycle, a key topic in Grade 4 NST, provides a foundational understanding of
how water moves through the Earth's systems. Climate change is disrupting this natural cycle, leading
to changes in the states of water and subsequently affecting rainfall patterns. These alterations are
contributing to the increased occurrence of floods and droughts, highlighting the urgent need to

address climate change and its impact on the water cycle.

Habitats in grade 4: The disruption of various habitats due to climate change is a significant concern,
with far-reaching consequences for biodiversity and ecosystem functioning. Both coastal and land
ecosystems are vulnerable, and these disruptions can indeed lead to both the extinction of existing
species and the potential formation of new ones (see section 2.5). Climate change is disrupting both
coastal and land ecosystems through various mechanisms, including sea level rise, ocean
acidification, temperature changes, altered precipitation, and increased wildfires. These disruptions
can lead to the extinction of existing species that are unable to adapt or relocate, while also potentially
creating opportunities for the formation of new species through isolation and adaptation. The long-

term consequences of these changes for biodiversity and ecosystem functioning are a major concern.
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Food chains grade 5: Climate change is disrupting food chains in both land and sea ecosystems, with
cascading effects on the relationships between organisms and overall ecosystem functioning. These
disruptions can have significant consequences for biodiversity, ecosystem stability, and even human
society (see section 2.5).

In addition, these disruptions can lead to trophic mismatches, increased competition, altered predation
patterns, and ultimately, changes in ecosystem structure and functioning. The long-term
consequences of these disruptions for biodiversity and ecosystem services are a major concern.
Photosynthesis grade 6: Photosynthesis, the process by which plants convert light energy into
chemical energy in the form of sugars, it is linked to the issues of climate change. Plants play a crucial
role in regulating the amount of carbon dioxide in the atmosphere, a key greenhouse gas that

contributes to global warming (see section 2.5).

Non renewables and renewables grade 6: The topics of renewable and non-renewable energy are
central to the issue of climate change. The way we generate and consume electricity has a profound
impact on the Earth's climate system. Non-renewable energy sources, such as coal, oil, and natural
gas, are fossil fuels that were formed over millions of years from the remains of ancient organisms.
When these fuels are burned to generate electricity, they release large amounts of carbon dioxide
(CO2) into the atmosphere (IPCC, 2021). CO2 is a potent greenhouse gas that traps heat and
contributes to global warming (see section 2.5). The burning of fossil fuels for electricity generation
is the primary source of greenhouse gas emissions, which are driving global warming and climate
change. The impacts of climate change include rising temperatures, sea level rise, more frequent and
intense extreme weather events, and disruptions to ecosystems and human societies.

The choice between non-renewable and renewable energy sources has significant implications for the
future of our planet. Shifting away from fossil fuels and embracing renewable energy is essential for

addressing the challenges of climate change and creating a sustainable energy future.

4.2.1.3 My reflection from the analysis of syllabus documents

1 taught grade 4 -6 before but I never looked or considered these topics as related to climate change
as highlighted in the data except above. Taking, for instance, fossil fuels versus electricity generation
leads to a lot of carbon dioxide emissions. Carbon dioxide is a greenhouse gas that is responsible for
induced global warming which is a major cause of climate change. Until this study, I had never made

these links.
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4.2.2 My personal Insights

Based on the reflection I provided above I drew these key insights: I realized that topics taught in
grades 4-6, like fossil fuels and electricity generation, are directly linked to climate change, even
though I hadn't previously recognized this connection. I gained a clearer understanding of how fossil
fuel use for electricity generation contributes to carbon dioxide emissions, a primary driver of global
warming. The act of analyzing the syllabus documents with a specific intention provided a new
perspective and allowed me to see preexisting information in a new light. The reflection demonstrates

my willingness to learn and adapt to the understanding of these crucial environmental issues.

The mind map in Figure 3B below summarises the topics that are taught in the intermediate phase
Natural Science. I used the knowledge of these topics to plan my teaching of climate change to grade

6 learners.

Grade 4 water cycle Grade 4 Habitats

Grade 6 Energy transfer Concepts Grade 5 Food chains
Related to Climate change and
Global warming taught
before
o~ \ Grade 6 Photosynthesis

Grade 6 renewable and

Non-renewable energy sources

Fig 4B: A mind map that summarizes the topics covering concepts found in grades 4, 5 and 6
Drawing from the mind map above, I then decided to choose the content suitable for grade 6 to answer

my research question number 1 which says,” What content of climate change is suitable for Grade 6

learners?”. The mind map below shows the sub-topics that I intended to teach to grade 6 learners.
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Impact of Climate Change

v

Climate Change | Causes of Climate Change

Mitigation of Climate Change| | P

Adaptation of climate

Change

Fig 4C Mind map showing the subtopics that I planned to teach

I shared the mind map with my critical friend Stacy and my supervisor. Stacy was of the idea that I

should use an inquiry process approach. Next is the conversation between Stacy and me.

Chris: Hello Stacy?

Stacy: Hello Chris, how are you doing?

Chris: I am fine Stacy. Did You manage to check my mind map which I sent to you via
WhatsApp?

Stacy: Yes, I did Chris.

Chris: What'’s you take on the mind map in connection to developing the content for climate
change grade 6?

Stacy: I think you should follow the scientific inquiry process where you identify the problem in
your case it is the impact of climate change like floods, sea level rise, droughts etc. Then you try
for find the possible causes ie what is causing climate change, then how do you adapt to it and
lastly how do you mitigate against climate change. In short, your four lesson should follow this

sequence. Impact — causes -- Adaptation and mitigation

The feedback from the expert Fay (not her real name) who is a professor in science education slightly
differed from Stacy’s suggestion. Fay was of the idea that I should start with the causes of climate
change followed by impacts and finally adaptation and mitigation. The expert’s reasoning was that
the chief cause of anthropogenic climate change is induced global warming caused by human

activities like burning fossils. She suggested the following:
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Starting with the greenhouse effect and how it causes global warning would make sense. Learners
must understand the phenomenon in order to understand the impact and the mitigation measures.
The second lesson should then be the laboratory experiment where learners are going to predict
whether the high concentration of carbon dioxide in the atmosphere when exposed to heat can result
in the increase in temperatures ( Global warming)? The lesson enables young leaners to connect with
the complex science of greenhouse effect in the atmosphere. The third lesson can then be on the
impact of climate change with specific references to the rise of sea levels. The last lesson should look
at climate change adaptation by visiting the school’s permaculture garden which is smart agriculture
mimicking nature and climate change mitigation by planting trees around the school yard which help

in absorbing carbon dioxide from the atmosphere.

My reflection

My reflection on the feedback from the experts particularly regarding the sequencing of climate
change topics for grade six, has been a significant learning experience. While Stacy's suggestion had
its merits, because starting with impact is like starting with the problem they see and try to find its
causes and solutions. The expert's approach, focusing on a logical progression from what of the
phenomenon to causes to impacts and then solutions, made pedagogical sense. The expert's emphasis
on starting with the greenhouse effect and its link to global warming made pedagogical sense.

The suggestion of a laboratory experiment to demonstrate the heat-trapping properties of carbon
dioxide was particularly insightful. It addresses the challenge of making abstract scientific concepts
tangible for grade six students. This hands-on approach would allow them to witness the greenhouse
effect in action, fostering a deeper connection to the science (Monroe et al., 2019).

Moving from the laboratory to real-world impacts, like rising sea levels, provides a clear and
compelling illustration of the consequences of climate change. Finally, the practical application of
adaptation and mitigation through the school's permaculture garden and tree planting aligns with

the goal of empowering students to act (National research Council, 2012).

4.2.4 Insights from reflecting on feedback from Stacy and Fay

Suggestions from both Stacy and Fay revealed some of the recommendations that are in the literature.
For example, Shulman (1986), refers to the importance of building a narrative that progresses from
cause to effect to solution which is what logical sequencing is about. Using concrete examples like
experiments and real-world scenarios is all about making abstract concepts relatable, (Bruner, 1966).

Inquiry-based approaches as suggested by Stacy can promote engagement of students through hands-
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on activities and practical applications, (Monroe et al., 2019). Finding the core simple concepts that
will allow the students to grasp the broader issue, is about simplification (Plummer and krajcik, 2018).
I recognize the difficulty in crafting age-appropriate content on such a complex subject. The expert's
feedback not only provided a pedagogical framework but also instilled in me a greater confidence in
me that I could teach climate change effectively to grade six learners. It highlighted to me that proper

sequencing, and hands on activities are key to promoting the students to grasp the basic concepts.

4.2.5 Insights drawn from the meeting

Based on the reflections provided, I drew the following key insights:

The order in which climate change topics are presented impacts student understanding. Starting with
the fundamental science of greenhouse effect, global warming) and then moving to impacts and
solutions is more effective than a less structured approach, (Fortus and Krajcik, 2019). Hands-on
experiments and real-world applications (like visiting a permaculture garden) are crucial for making
complex concepts tangible and engaging for young learners, (Cheng and Eisner, 2020). Teaching
climate change to grade six students requires careful simplification of scientific concepts without
sacrificing accuracy or depth, (Plummer and Krajcik, 2028). Connecting climate change education to
practical actions (like tree planting) empowers students and fosters a sense of agency, (Monroe et al.,
2019). Feedback from experts and supervisors is invaluable for refining teaching approaches and
ensuring effective pedagogy, (Lave and Wenger, 1991and Timperley, 2020). My reflections
demonstrate a willingness to adapt their understanding and teaching methods based on expert advice
and personal reflection, (Darling-Hammond and Hyler 2020). I gained a deeper understanding of the
connection between fossil fuel usage, CO2 emissions, and climate change, (IPCC, 2023). Analyzing
syllabus documents allows teachers to see pre-existing information in new ways, and make

connections that were not previously apparent, (Remillard et al., 2021).

4.3 Analysis of lesson plans and the actual teaching

This section details the planning and teaching of climate change lessons for grade six learners,
following a cyclic self-study approach, (Nyamupangedengu, 2024). This iterative process, grounded
in the principles of action research, emphasizes continuous improvement through a cycle of planning,
action, observation, and reflection (Kemmis and McTaggart, 1988). Lesson plans were developed
based on syllabus analysis and expert feedback. These plans then informed the actual teaching
sessions. Post-lesson reflections, incorporating observations and student engagement, facilitated a

critical analysis of the effectiveness of the lesson and the plan itself. This reflective practice, in turn,
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informed the adjustments and refinements for subsequent lessons, creating a continuous feedback

loop, (Tripp, 2005), This is aimed at enhancing pedagogical approaches and student learning related

to climate change. This cyclical nature of self-study ensured that each lesson built upon the insights

gained from the previous one, leading to a more refined and effective teaching strategy. Fig 3 below

shows the cycle which I followed.

Reflections of the lesson plan

Planning of the lesson

Teaching of the lesson

Reflections on the

lesson taught

The fig 4D above shows the lens I followed in this session.

The self-study cycle followed these iterative steps:

1.
2.
3.

Planning: Developing lesson plans based on syllabus analysis and expert feedback.
Teaching: Implementing the planned lessons in the classroom.

Reflection (Post-Lesson): Analyzing the effectiveness of the lesson and plan through
observations and student engagement.

Refinement/Planning (Next Lesson): Adjusting and refining the lesson plans based on the

reflections, leading into the next cycle of teaching.

In this study, I planned and taught four research lessons on climate change. Table 2 below shows how

I structured my four research lessons

Table 4.2: Details of the four research lessons

Lesson Topic of the lesson

1

The Causes of Global warming.

How does the greenhouse work?
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2 Practical Investigation
Does high concentration of carbon dioxide cause the temperatures to rise if exposed

to heat?

3 Impact of climate change
The rise of sea levels.

The ice tray experiment.

4 Adaptation and mitigation of climate change
Visit to the school permaculture garden — As example of adaptation

Planting trees in the school yard — as mitigation of climate change

Next, [ present the cycles of lesson planning, reflection, teaching then reflection as outlined above

4.3.1 Lesson 1-The causes of global warming

My planning was guided by my TSPCK framework. So, I used the different components to guide my
planning. Starting with curricular saliency, 1 set up the objectives for lesson 1.
Learning Objectives:

e Learners will be able to define climate change and global warming.

e Learners will be able to explain the greenhouse effect and its role in climate change.

e Learners will be able to identify human activities that contribute to global warming.

o Learners will be able to discuss potential consequences of climate change.

After outlining the objectives of my first lesson, I then moved on to the next component which is
learner prior knowledge. 1 formulated questions that I was going to use to engage with learner prior
knowledge.
To engage learner prior knowledge: I will begin by asking learners these questions. I will ask them
the following questions and will record their responses on the board. This will activate prior
knowledge and help me identify any misconceptions that need to be addressed.
1.1 What is weather?
o Weather is what's happening outside right now, or over a short time. It's things like if it's
sunny, rainy, windy, or cold today. Think of it as the mood of the day!
1.2 What is climate?
o Climate is the usual weather in a place over a long time, like many years. For example, some
places have a hot and dry climate, while others have a cold and snowy climate. It's like the

average mood of a place.
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1.3 What is the atmosphere?
o The atmosphere is the layer of gases that surrounds the Earth. It's like a big blanket that keeps
us warm and protects us from harmful things from space.
1.4 What is the composition of the air in the atmosphere?
o The air is mostly made up of:
o Nitrogen (a lot of it 78%)
o Oxygen (what we breathe 21%)
o A little bit of other gases like carbon dioxide.( 0,04%)
1.5 What are non-renewable sources of energy?

e Non-renewable energy comes from things that we can't make again easily, or that take
millions of years to form. Once we use them up, they're gone. Examples are coal, oil, and
natural gas.

1.6 What are renewable sources of energy?

e Renewable energy comes from things that can be used again and again, or that naturally

replace themselves. Examples are sunlight (solar), wind, and water (hydro).
1.7 What are fossil fuels?

o Fossil fuels are coal, oil, and natural gas. They're called "fossil" fuels because they were

formed from the remains of ancient plants and animals that lived millions of years ago.
1.8 How is heat transferred from one place to another?

e Heat can move in three main ways:

o Conduction: Heat moves through touching things, like when a spoon gets hot in a hot
soup.
o Convection: Heat moves through liquids and gases, like hot air rising from a heater.

o Radiation: Heat moves through space, like the warmth from the sun.

Third component: Representations including analogies. My initial intention was to employ a
simulation of the greenhouse effect. This approach aimed to illustrate the role of greenhouse gases in
driving the global warming and, consequently, human induced climate change. However, during a
presentation of my lesson plan to my critical friends, they recommended incorporating the analogy
of a greenhouse as an additional pedagogical tool. They argued that given the young age of the
learners, utilizing concrete and real-world examples would facilitate a deeper understanding of the

concept. Below is an extract from my journal conversation with Stacy.

Chris: Hello Stacy? Did you go through my lesson plan?
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Stacy: Yes, I did. Firstly, why do you plan to ask so may questions at the beginning of lesson.
It looks like half of the lesson time will be taken by your introduction. Secondly, I have some
reservations on your teaching aids. I suggest you add a greenhouse analogy so that it might be a
concrete object the learners will find it easier when you it.

Chris : If you look closely at the questions, you will see that they cover all the concepts related
to the topic of climate change that are covered in the previous grades. It is important to remind
them about these concepts and to clear any misconceptions. These concepts are important for
learners to understand the whole unit. So, I don’t mind spending some time on them as this will
form a strong foundation for the learners. In terms of representations, your suggestion is a good

idea so I will be built a model of a greenhouse to supplement the simulation.

Data except from my journal entries with Stacy

Taking the feedback into account, I revised the lesson plan to include a greenhouse model. This aspect
involved using the model to draw parallels between the function of a greenhouse in trapping heat and
the role of greenhouse gases in the atmosphere. To further enhance the comprehension of the concept
of greenhouse effect, I integrated the analogy of a car parked outside in the sun within the school yard
as a tangible representation of the greenhouse effect. Through comparing and contrasting these
familiar structures with the atmospheric phenomenon, the lesson aimed to bridge the gap between
abstract scientific concepts and the learner’s lived experiences. This multifaceted approach,
combining a model of a green house and an analogy of a real car parked outside in the sun as a real-
world observation, sought to foster a more comprehensive and nuanced understanding of the causes
of global warming among the grade 6 learners ( see Annexure). Following the refinement of my

lesson plan, I proceeded to deliver the lesson while recording it.

4.3.1.1 Analysis of lesson 1

I reviewed my first lesson by playing back the recording twice to familiarize myself with the teaching
that I had done. I then transcribed the audio taking screen shots of interesting aspects of my lesson
for reflection (see lesson 1 transcript in Appendix 2. Using the TSPCK framework as a lens, I reflected
on my lesson. I shared my lesson video, the transcript and my reflections with my critical friend who
engaged with them after which we met for a collective reflection. We then agreed on a coding scheme

which I then used to code my lesson transcript. This methodological choice facilitated a nuanced
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analysis of the data, enhancing the identification of key pedagogical strategies. The following colour-
coded categories were established.

Yellow: Learners' Prior Knowledge: This code, represented by yellow, was utilized to identify and
categorize instances wherein learners expressed pre-existing knowledge or understanding relevant to
the subject matter. This coding facilitated an examination of the of the learner’s prior knowledge they
brought to the learning context.

Green: Checking Misconceptions: The green code was assigned to data segments where I sought to
identify and address learners' misconceptions. This served to document the pedagogical strategies
employed to remediate inaccuracies and promote conceptual clarity

Red: Link Between Prior Knowledge and Lesson Content: Data coded in red signified the connections
established between learners' prior knowledge and the content of the lesson. This coding highlighted
instances where I bridged existing cognitive frameworks with new information, fostering meaningful
learning.

Purple: Curricular Saliency: Purple coding denoted instances where the content directly aligned with
or emphasized curricular objectives and standards. This coding allowed for an analysis of the extent
to which the pedagogical approach adhered to and fulfilled curricular requirements.

Light Green: Mode of Representation: Light green was used to code data related to the various modes
of representation employed during instruction. This included the use of visual aids, demonstrations,
and other pedagogical tools designed to enhance learners’ comprehension. This coding enabled an
examination of the effectiveness of different representational strategies in conveying complex

concepts. Below is an excerpt from my lesson transcript.

Teacher: The layer you see. (pointing at the above diagram) is a layer of gases. If that layer could not
exist, the earth could be very cold to live on. The layer of the gases enhance the earth to be habitable.

Learner: Energy from source that can be replaced. The greenhouse gases are carbon dioxide, methane and water vapour. The importance of the
Teacher: Example? greenhouse gases is to keep the earth warm. The percentage of carbon dioxide is 0,04%.

The 0,04% is enhance the earth to keep warm naturally. Are we together?
Learner: Solar, wind,

Learners: Yes sir
Teacher: correct We also have hydro although here in South Africa water is scarce. We have some in

KZN.

Learners: yes sir

Teacher: Ok Can you tell me your experience when you get into a car parked outside on a sunny day?

111 willbe t0o hot nside the car i

SO EORB RO - v top=the?

Fig 4E show data excerpts shows different tenets of TSPCK

4.3.1.2 Results from the analysis of lesson one

[ used the TSPCK components as headings to present my results
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(1) Curricular saliency: Formulating the objectives of the lessons helped me to have an overview of
the lesson. As I began the lesson, I was clear that the concepts that I wanted to cover were climate
change, global warming and the greenhouse effect. As per my supervisor’s advice, I began with the
subordinate concept greenhouse which helped me articulate the concept of global warming and the
main concept of climate change (see lesson 1 transcript).

(i1) Learner prior knowledge, including misconceptions: 1 began the lesson with pre-assessment to
gauge existing knowledge of the learners and identify some common misconceptions.

The prevalence of closed questions or questions that required a definition raised concern. I realized
that I had a tendency towards closed ended questions within my instructional delivery, often soliciting
a “yes” or “no” responses. Fig 6 below shows the kind of questions that my critical friend was
concerned with.

Teacher: First | want to check whether yvou remember what is weather? Anvone to tell me what we:
is?

Learner: Weather refers to the state of the atmosphere at a particular place and time.

Teacher: its correct. Is there anvone who can tell me what radiation is? Anvone who can tell me.

Learner: Heat transfer throush gas..

Teacher: Correct. It doesn't require a medium (like air or water) to travel, meaning it can occur in a
vacuum. Vvhat is convection? Anyone?

Learner: This is the transfer of heat through the movement of fluids (liquids or gases).
Teacher: Its correct. Infect, when a fluid is heated, it becomes less dense and rises,
Twhile cooler, denser fluid sinks. What is conduction?

Learmner: This is the transfer of heat through direct contact between particles

Fig 4F Data Extract from the lesson one transcript

My critical friend argued that such questions limit opportunities for learners to engage in critical
thinking. She suggested strategic incorporation of prompts and open-ended questions. Prompts, she
suggested, serve as a valuable scaffolding tool, guiding learners towards deeper comprehension.
Open-ended questions on the other hand, encouraged more elaborate responses that stimulate high
order thinking skills, fostering a more intellectually engaging learning environment. The feedback
underscored the importance of question design in facilitating meaningful learning experiences.

Apart from the poor questioning used, my critical friend indicated that the following pedagogical

aspects that were used were commendable:

» Building on the foundational knowledge learners acquired in previous grades to lay a base for
learners to understand climate change and global warming.

» Starting from what learners already know by briefly reviewing the concept of radiation and
how it transfers heat through space then using it to explain the concept of greenhouse effect

as it happens in the atmosphere.
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(i11) Representations including analogies: My supervisor was impressed by the car analogy and how
I had used it in the lesson: Question like the one below from extract of transcribed data; " Can you
tell me your experience when you get into a car parked outside on a sunny day?

This question helped me gauge the learners’ existing knowledge from what they see to complex
science the greenhouse effect. A car getting hot inside resembles the real greenhouse effect in the
atmosphere. I also made use of a factory picture below to explain the misconceptions that learners
had. They misunderstood smoke and called it carbon dioxide. I used the picture to explain that what

we see is smoke. Although carbon dioxide gas maybe in the smoke, it is invisible.

Fig 4G above shows a factory emitting smoke into the air

I used visual aids and real-world examples. The diagram below shows a visual I used to explain how

the greenhouse effect work.
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Fig 4K shows the greenhouse visual I used to explain how it works.

I used visuals, and real-world analogies; cars parked outside in the sun to teach about the greenhouse

effect. Using real-world examples like a parked car, helped learners connect abstract concepts to
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tangible experiences. This made the learning process more relatable and meaningful. The
incorporation of these representations into my teaching helped me cater for different learning styles

and created a more inclusive and effective learning environment.
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Fig 4] shows mode of representation I used in this lesson

By using diverse representations, such as visuals, videos, and real-world analogies, I enhanced

understanding and engagement with complex topics like climate change.

(iv) Knowledge of what is potentially difficult for Learners: When discussing climate change,
particularly the complex science of induced global warming, knowledge becomes multifaceted and
can be challenging for learners to grasp. Several factors contribute to this complexity: Many climate
change concepts are abstract and difficult to visualize, such as greenhouse gas emissions, atmospheric

circulation patterns, and long-term climate models. This can lead to confusion and misinformation.

(V) Conceptual teaching strategies: The conceptual teaching strategies for the greenhouse effect for
grade six, I incorporated videos, visuals, analogies, and real-world examples:

I started with the analogy of a car parked in the sun on a hot day and asked: "What happens when you
leave a car parked in the sun with the windows closed?" (It gets hot). I explained that the glasses of
the car acts like the greenhouse gases in our atmosphere. It lets sunlight in, but it traps the heat inside.

I showed a simple diagram of a car with sunlight entering and heat being trapped. I used a short,
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engaging video that visually demonstrates the greenhouse effect. I looked for video that uses
animations to show sunlight entering the atmosphere, greenhouse gases trapping heat, and the earth
warming. [ paused the video at key points to discuss what's happening. I asked “What are the gases

that trap heat called?" (Greenhouse gases). Below is a video representation I used during the lesson.

Fig 4L shows the teaching strategy I used to explain the greenhouse effect using a video

4.3.1.3 Key reflections on lesson 1

I realized that relying heavily on closed questions (‘Do you understand?') created a false sense of

understanding. It led to passive agreement rather than active engagement. Below is any extract from

my diary entry.

Fig 4M is data except from my conversation with my critical friend

Stacy's examples of open-ended questions ('How does the car analogy help us understand?')

demonstrated how I can prompt students to think critically and articulate their understanding. I need
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to design questions that encourage explanation and analysis." This reveals the importance of using
questioning as a tool for cognitive development, not just information retrieval.

The 'think-pair-share' activity is a valuable strategy that I overlooked. It provides learners with time
to process information and build confidence before sharing their thoughts with the whole class. [ need
to incorporate more interactive and collaborative learning activities. I acknowledge the need to move
beyond lecture-style teaching and create a more dynamic and student-centered learning environment.
(See Annexure 2 my diary entries). Stacy's suggestion to 'pause and give them time to think' is a
reminder that silence can be a powerful pedagogical tool. I need to be more comfortable with allowing
wait time to encourage deeper reflection. This emphasizes the importance of pacing and allowing
students sufficient time to process and formulate their responses.

This conversation with Stacy was helpful. It highlighted areas for improvement that I hadn't
recognized on my own. I need to seek feedback from colleagues and engage in collaborative learning.
This reinforces the importance of professional development and the value of peer support in
improving teaching practice. I was too focused on covering the material, and not focused enough on
the students learning the material. I need to remember that my role is to facilitate their learning, not
just deliver information. This represents a critical shift in pedagogical perspective, moving from a
teacher-centered to a student-centered approach. I put so much effort into planning the lesson but did
not put enough effort into the execution of the lesson. The way that I interact with the learners is just

as important as the lesson plan.

The review of the lesson also revealed that on a couple of occasions, I accepted partially correct
answers e.g. when a learner said radiation is heat transfer through gas. That is wrong but I did accept
it as correct. Below is data excerpt from the lesson transcription.

Teacher: its correct. Is there anyone who can tell me what radiation is? Anyone who can tell me.

leaner: Heat transfer throughgas.

Fig 4N shows I accept wrong answer without recognizing it

The insights drawn from the mistake of accepting wrong answers during a lesson are: Making
mistakes is a natural part of the learning process. It provides an opportunity to reflect on my teaching
practices and refine my understanding. It reinforces the idea that teachers are also learners. In
essence, this experience underscores the importance of content accuracy, active assessment, and
continuous learning in effective teaching. It also reinforces the value of expert feedback in promoting
professional growth. These reflections demonstrate a commitment to continuous improvement and a

willingness to adapt teaching strategies based on feedback and experience.
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4.3.1.4 The key takeaways and insights

Relying on passive learning methods (like closed questions and lecture-style delivery) hinders critical
thinking and genuine understanding. I need to actively engage learners through open-ended questions,
discussions, and collaborative activities. I need to prioritize student-centered activities that promote
active participation and cognitive engagement. The type of questions I ask impact student learning.
Open-ended questions encourage deeper thinking and allow students to articulate their understanding,

I need to develop a repertoire of effective questioning techniques and use them to stimulate critical

thinking, (Timperly, 2020).

Allowing students enough time to process information and formulate responses is essential. Rushing
the learning process can hinder understanding. Embrace silence and wait time as valuable tools to
facilitate deeper reflection and learning, (Darling-Hammond and Hyler 2020). Reflecting on my
teaching practices and seeking feedback from colleagues is crucial for identifying areas for
improvement and refining my pedagogical approach. It cultivates a culture of continuous learning
and actively seek opportunities for professional development and peer collaboration, Effective
teaching involves more than just delivering information. It requires creating a supportive and
engaging learning environment that facilitates student understanding and promotes critical thinking.
I should focus on facilitating learning rather than simply delivering content. A well-planned lesson
can be ruined by poor execution. The interaction between the teacher and the learners is very
important. These insights emphasize the importance of shifting from a teacher-centered to a student-
centered approach, prioritizing active learning, and cultivating a culture of reflection and
collaboration. Next is the second lesson cycle which was about carbon dioxide and heat experiment
to cement the concept of global warming by producing carbon dioxide and place it in on flask and the
other as a control with normal air inside and place them under same heat conditions to observe the

rising temperature from the two flasks

4.3.2 Lesson 2-Carbon Dioxide and Heat Experiment

4.3.2.1 Pre-Teaching Reflection

When I initially conceived lesson 2, I envisioned using dry ice to generate carbon dioxide for the
heat-trapping experiment. My thinking was that dry ice would produce a visible and dramatic release
of CO2, making the demonstration more impactful for the Grade 6 learners. However, during my pre-

planning discussion with Stacy and Fay, my supervisor, they strongly advised against this approach,
66



citing the inherent dangers of handling dry ice, especially with young learners. Their concerns were
valid. Dry ice, being extremely cold, poses a risk of frostbite and requires careful handling. They also
pointed out the potential for sublimation in a closed container to create pressure. In addition, the class
may be poorly ventilated leading to its accumulation.They suggested that the risks outweighed the
potential benefits of its dramatic effect.

Stacy: Okay, that's a good way to show the effect of C02. But... are you sure dryice is the best option for
grade six?

Chris: Why? What's the problem?

Stacy: Well, dry ice can be dangerous if not handled properly. It can cause frostbite, and it's also a
choking hazard if it sublimates too quickly in a confined space. Plus, you have to be careful about
ventilation.

Instead, they recommended using simple vinegar and baking soda reaction to produce carbon dioxide.
This method is safe, readily accessible, and still effectively demonstrates the production of CO2.
While initially hesitant, I recognized the logic of their suggestion. Safety is paramount, and the
vinegar and soda reaction still fulfill the experiment's core objective: to show how increased carbon
dioxide affects temperature when exposed to a heat source. This experience highlighted the
importance of seeking expert feedback during the planning stage. It also reminded me that even
seemingly simple experiments can have potential safety hazards. It was a valuable lesson in
prioritizing safety and adapting my lesson plan to ensure a safe and effective learning experience for

my students."

4.3.2.2 Demonstrating the Heat-Trapping Properties of Carbon Dioxide: A Vinegar and Soda

Experiment
This experiment aimed to visually demonstrate the heat-trapping capabilities of carbon dioxide, a key

concept in understanding the greenhouse effect and global warming. Two identical flasks were used

in this setup.
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Fig 40 above shows two flasks A and B

Flask A was the control with normal air and B with generated carbon dioxide.

Experimental Flask B: In one flask, carbon dioxide was generated through a simple chemical reaction
between vinegar (acetic acid) and baking soda (sodium bicarbonate). This reaction produced carbon
dioxide gas, which was collected within the sealed flask. This flask represented an atmosphere with
increased levels of CO2.

Control Flask A: The second flask served as a control, containing only ambient air, representing an
atmosphere with normal levels of CO2.

Both flasks were then exposed to the same consistent heat source. The hypothesis was that the flask
containing the higher concentration of carbon dioxide would exhibit a more rapid and significant

increase in temperature compared to the control flask.
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Fig 4P above shows learners doing the experiment

This experiment sought to provide a tangible and simplified model of how increased carbon dioxide
in the atmosphere, due to human activities, results in a rise in global temperatures. By observing the
difference in temperature change between the two flasks, learners gained basic understanding of the
heat-trapping properties of carbon dioxide and its role in the greenhouse effect. Following the
completion of the vinegar and soda experiment, learners actively engaged in the scientific process by
recording their observations and data. Each of the four groups within the class documented the
temperature changes in both the experimental (CO2-filled) and control flasks at regular intervals.
These temperature readings were then organized and presented in a tabular format, allowing for clear

comparison and analysis.

To further enhance their understanding and analytical skills, the learners utilized Microsoft Excel to
process and interpret the collected data. This digital tool enabled them to input the temperature
readings from their tables into an Excel spreadsheet. They generated visual representations of the
temperature changes over time, facilitating the identification of trends and patterns. The learners

analyzed the temperature differences between the experimental and control flasks.

Notably, all four groups in the class obtained remarkably similar results. This consistency across
groups reinforced the validity of the experiment and strengthened the learners' confidence in their
findings. The data consistently demonstrated that the flask containing carbon dioxide exhibited a
more rapid and substantial increase in temperature compared to the control flask. This reinforced the
concept that increased CO2 concentrations trap heat, mirroring the greenhouse effect. As shown by

data excepts below
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Here is the complete analysis graph for the temperature changes over fime:

Fig 4Q show the results of the learner’s experiment.

Analysis of Lesson Two: Carbon Dioxide and Heat Experiment (TSPCK Framework)

This analysis hypothesized the results and reflections for a lesson where students conduct an

experiment demonstrating how carbon dioxide (CO2) traps heat compared to regular air.

(1) Curricular Saliency: Formulating Objectives and Aligning Content

Focus Concepts: The lesson objectives were focused on demonstrating the role of carbon dioxide as

a greenhouse gas and its ability to trap thermal energy, thereby linking the abstract concept of the

Greenhouse Effect (from Lesson One) to empirical evidence.

Saliency Check: The experiment successfully provided a concrete, observable anchor for the abstract

concepts of climate change and global warming. The core curricular goal was to move from analogy

(the car) to empirical proof (the measurement of temperature change).
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Potential Challenge: Ensuring that the students understand the experiment is an analogy for the
atmosphere, not a perfect model. The difference in scale, time, and the complexity of the Earth's

atmosphere versus two bottles must be clearly articulated to maintain curricular fidelity.

(i1) Learner Prior Knowledge, Including Misconceptions

Prior Knowledge Activation: The lesson built upon Lesson One's concepts, requiring prior knowledge
of the Greenhouse Effect and heat transfer (radiation). Activating prior knowledge on using a

thermometer, recording data, and the concept of a "control" in an experiment would be crucial.

Misconceptions Revealed by the Experiment:

CO2 is visible/a physical blanket: The experiment helped dispel this by showing a measurable effect
from an invisible gas. Misconceptions may arise if learners equate the visible heat lamp (the "Sun")

directly with the Sun's complex radiation spectrum.

The experiment is instantaneous: Learners often expect fast results. The need to observe and record
temperature over time helps address the misconception that global warming is a quick, localized

event, though the lab timescale is still highly accelerated.

Questioning Critique: A critical friend would likely focus on the need for open-ended, investigative

questions during the procedure, such as:

"Why is it important to use a light source and a dark surface in the bottles?" (Focuses on radiation

absorption.)

"If the temperature difference iwas only a few degrees, why does that matter for the whole planet?"

(Stimulates higher-order thinking and scale awareness.)

Closed questions ("Did the CO2 bottle get hotter?") should be minimized in favor of discussion about

why the temperature changed.

(ii1) Representations Including Analogies

Visual and Material Representations: The physical setup of the experiment (two bottles/jars,
thermometers, a light source/heat lamp, and a source of CO2 like baking soda and vinegar) served as

the primary, most powerful material representation.
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Effectiveness of the Representation: The side-by-side visual comparison (the thermometer readings)

provides a direct, measurable, and highly convincing representation of CO2's heat-trapping ability.

Analogies Used: The experiment itself was an analogy or a model for the Earth's atmosphere. The
heat lamp represents the Sun, the CO2 represents greenhouse gases, and the bottle's air represents the

atmosphere.

Supervisor/Critical Friend Feedback: Commendation would likely be given for using a hands-on,
engaging model that moves beyond pure analogy and allows for data collection. Feedback might
include ensuring the students clearly label the two bottles (Control: Regular Air; Experimental: CO2

-rich Air) to reinforce experimental design concepts.

(iv) Knowledge of What is Potentially Difficult for Learners

Abstract Difficulties: Learners often struggled with Experimental Control. They may not understand
why it is essential to keep all variables (bottle size, lamp distance, exposure time) the same, except

for the one variable being tested (the gas type).

Conceptual Difficulties:

Mechanism of Trapping: Understanding 7ow CO2 molecules specifically absorb and re-emit infrared

radiation (heat) is complex and cannot be seen in the model. This requires careful verbal explanation.

Scale and Rate: Bridging the gap between the rapid, short-term temperature change in the bottles and

the slow, long-term process of global climate change remains difficult.

Addressing Difficulty: The teacher must preemptively address the scientific principle: The heat is
trapped because CO2 is transparent to visible light (which carries the energy in) but opaque to infrared

radiation (heat) that the surface of the bottle/Earth emits out.

(v) Conceptual Teaching Strategies

Inquiry-Based Learning: The core strategy here was Inquiry-Based Learning, allowing students to

make observations, collect data, and draw conclusions before the final explanation is provided.

Strategy Components:

1. Prediction: Start with a question: "Which bottle will get hotter and why?"
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2. Demonstration/Video: A brief video on experimental design or the proper technique
for CO2 generation might be used.

3. Hands-On Activity: Students perform the core experiment (the most important part).

4. Data Analysis: Strategy involves charting the data (e.g., a simple line graph) for the
two bottles side-by-side to visually emphasize the temperature difference.

5. Conceptual Link: Conclude by explicitly linking the experimental result (the warmer

CO2 bottle) to the real-world Greenhouse Effect and its impact on global warming.

Commendable Pedagogical Aspects:

Using a Control Group (the regular air bottle) to isolate the variable of CO2. Employing collaborative

group work for data collection and discussion, fostering engagement and distributed cognitive load.

I recorded the lesson and shared it with Fay and Stacy and the following reflections and insights were
drawn. The reflections identified the area of improvement. The use of boiling water as heat source,
resulted in steam formation that obscured the learners’ vision and possibly hindered  accurate
readings. This unintended circumstance should have been mitigated by employing alternative heating
methods such as placing the samples under direct sun or use of a stove. These options would have
provided a clear view of the thermometer readings, facilitating more precise data collection and
minimizing potential disruptions to the experimental procedure. The lesson prompted active learning
and learner autonomy, fulfilling the key principles of effective pedagogy. Nonetheless, the identified
limitations concerning the heat source highlights the importance of careful consideration and
selection of experimental materials to ensure optimal learning conditions and accurate data collection.
This reflection serves as a valuable tool for informing future lesson planning and refinement of
teaching practices. Although not the objectives of the lesson, it has met the demands of CAPS of

doing the process skills.

4.3.2.3 Insights and takeaways

The shift from dry ice to vinegar and soda emphasized the critical importance of prioritizing safety
in hands-on science activities, especially with younger learners and careful consideration of potential
hazards and the selection of safe, age-appropriate materials are essential for effective and responsible
science education. This insight is supported by the general principles of safe science practices, which

are implicitly present in any educational setting. The fact that the expert and Stacy advised against
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the dry ice shows that safety was prioritized. The experiment, though simple, demonstrated the heat-
trapping properties of carbon dioxide, a key concept in understanding the greenhouse effect. Simple,
accessible experiments can effectively illustrate complex scientific concepts, making them more
tangible and understandable for learners, (Cheng and Eisner 2020). The learners' engagement in data
collection, table creation, and excel analysis reinforced their understanding of the scientific method
and data interpretation. Incorporating data collection and analysis into experiments promotes
scientific literacy and enhances learners' critical thinking skills. This aligns with the broader goals of
science education, which emphasize the development of scientific inquiry skills. The consistent
results obtained by all four groups in the class strengthened the validity of the experiment and
reinforced the learners' confidence in their findings. Replicating experiments and comparing results
across groups reinforces the scientific process and promotes a deeper understanding of scientific
concepts. The use of excel allowed the learners to visually see the data that they collected and allowed
them to compare results. The use of technology, when appropriate, can greatly enhance the learners’

ability to understand data (Remillard,2021).

These insights highlight the importance of safety, simplicity, and active engagement in hands-on

science experiments.

4.3.3 Lesson 3-Ice Tray Experiment (Impact of climate change on the coastal environment)

The third lesson was focusing on the impact of rising sea levels, exemplified the effectiveness of
using hands-on, visual learning experiences. It employed simple materials like a tray, ice, and paper

to represent a coastal ecosystem.

4.3.3.1 Pre-Teaching Reflection

For Lesson 3, I planned to use an ice tray experiment to visually demonstrate the impact of climate
change on coastal areas, specifically focusing on rising sea levels. I aimed to make the abstract
concept of climate change impacts more tangible and relatable for the Grade 6 learners. My idea was
to use an ice tray as a simplified model of a coastal region. Ice cubes will represent glaciers and polar
ice caps. As the ice melts, the rising water level in the tray will visually illustrate how melting ice
contributes to increased sea levels. I hopped that this hands-on approach will help students

understand the potential consequences of global warming on coastal communities and ecosystems.
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During my planning, I considered different ways to make the experiment more engaging. I thought
about adding small toy houses or figurines to the ice tray to represent coastal towns and show how
they would be affected by rising water. I also planned to incorporate a discussion about the

implications of sea-level rise, such as flooding, erosion, and habitat loss.

I discussed this lesson plan with Stacy and Fay, my supervisor. They both agreed that the ice tray
experiment was a good choice for illustrating the impact of climate change. They liked the simplicity
and visual clarity of the experiment, and they thought it would be effective in capturing the students'
attention. We also talked about the importance of connecting the experiment to real-world examples
and encouraging students to think critically about the consequences of climate change. I wanted them
to understand that this isn't just a theoretical concept, but something that is happening and will
continue to happen. I hopped that this experiment would help them to understand the importance of
taking action to mitigate climate change.

I went on to execute the lesson with my learners taking the responsibility to do the experiment

themselves. Below is a diagram of a learner doing the experiment.

Fig 4R shows a learner performing the ice tray experiment
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4.3.3.2 Post-Lesson Reflection

Lesson 3, the ice tray experiment, was a success. | was pleased with how it turned out, and during our
post-lesson discussion, Stacy, Fay, and I all agreed that it was a well-executed lesson. The learners
truly took ownership of the activity, and it was evident that they enjoyed every moment of it. The ice
tray setup proved to be a highly effective visual aid. The students were immediately captivated by the
melting ice and the rising water levels. They were actively observing, discussing, and making
connections between the experiment and the real-world implications of climate change. I saw genuine
engagement and curiosity in their eyes.

Stacy pointed out how the simplicity of the experiment made it accessible to all learners, regardless
of their prior knowledge. She observed how the students were able to articulate the connection

between melting ice and rising sea levels with clarity and confidence.

My supervisor was particularly impressed by the students' ability to connect the experiment to the
broader context of climate change. She noted how they were able to discuss the potential impact on
coastal communities and ecosystems, demonstrating a deep understanding of the concepts. What
stood out to me was the level of ownership the students took of the experiment. They were eager to
participate, ask questions like “What would happen to plants and animals along the coastal line if
they are eventually immersed in water?” Answers like they will adapt and survive under new
conditions and maybe lead to formation of new species, die and eventually disappear like denoisers.
The learners also shared their observations. They were not just passive recipients of information; they

were actively involved in the learning process.

The discussion that followed the experiment was equally engaging. The students were eager to share
their thoughts and ideas, and they asked insightful questions about climate change and its impact. It
was clear that the experiment had sparked their curiosity and motivated them to learn more. We all
agreed that the lesson was a valuable learning experience for the students. It was a good example of

how hands-on activities can make complex concepts more accessible and engaging.

4.3.3.3 Insights and takeaways of lesson 3

The ice tray experiment provided a clear, visual representation of rising sea levels, making the abstract
concept of climate change impacts tangible for Grade 6 learners. Hands-on experiments and visual

aids are crucial for making complex scientific concepts accessible and engaging, particularly for
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younger learners, (Cheng and Eisner, 2020). The students' active participation, curiosity, and
eagerness to discuss the experiment demonstrated a high level of engagement and ownership of their
learning. It allows the creation of opportunities for students to actively participate and take ownership
of their learning and promotes deeper understanding and critical thinking, (Monroe et al., 2019). The
experiment effectively connected the abstract concept of rising sea levels to the real-world
implications for coastal communities and ecosystems. Linking scientific concepts to real-world
examples and consequences helps students understand the relevance and significance of their

learning, (Plummer and Krajcik, 2018).

The simplicity of the ice tray experiment made it accessible and understandable for all learners.
Simple, clear demonstrations can be highly effective in conveying complex concepts, particularly
when working with younger learners, (Plummer and Krajcik, 2018). The discussion that followed the
experiment allowed students to share their thoughts, ask questions, and further develop their
understanding. Facilitating open discussions allows students to articulate their understanding,
challenge their assumptions, and deepen their knowledge, (Timperley, 2020). These insights
emphasize the importance of using engaging, hands-on activities to make climate change education
effective and impactful for young learners. The lesson transformed an abstract concept into a tangible

reality for learners.

Analysis of Lesson Three: The Ice Tray Experiment (Albedo Effect)

This analysis is based on a lesson designed to demonstrate the Albedo Effect—the measure of the

reflectivity of a surface—using an ice tray, ice, and dark vs. light materials.

(1) Curricular Saliency: Formulating Objectives and Aligning Content

Focus Concepts: The primary objective is to introduce and demonstrate the Albedo Effect and its role
in positive feedback loops related to global warming. It aims to connect abstract temperature changes

(Lesson Two) to observable physical changes (melting).

Saliency Check: This lesson is crucial because it provided the mechanism for one of the most
significant consequences of global warming: polar ice melt. The visual contrast between the ice
melting on the dark surface (low albedo) versus the light surface (high albedo) makes the concept

highly salient and memorable.
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Curricular Linkage: It extends the concept of trapped heat from Lesson Two (CO2) to the
consequence of that heat: the rapid melting of white surfaces (polar ice) and the subsequent exposure

of dark surfaces (ocean/land), which further accelerates warming.

(i1) Learner Prior Knowledge, Including Misconceptions

Prior Knowledge Activation: Students need to recall basic concepts of heat absorption and reflection
(e.g., why you wear a white shirt on a hot day). They also need knowledge of the location and

importance of polar ice caps.

Misconceptions Revealed:

"Melting is just caused by hot air": The experiment helped dispel this by showing that the surface

color is an equally important factor in the rate of melting.

The extent of the problem: Students may not grasp that exposing dark ocean water absorbs far more

heat than light-colored ice, creating a self-reinforcing (positive feedback) loop.

Questioning Critique: A critical friend would suggest moving beyond questions like, "Which ice cube

melted faster?" and focus on causal and predictive questions to promote critical thinking:

"What would happen to the world's temperature if all the polar ice melted, exposing dark ocean

water?" (Prompts future prediction and systems thinking.)

"Why is the difference in melting rate between the two ice cubes a big problem for the planet?"

(Connects the experimental finding to the global scale.)

(ii1) Representations Including Analogies

Visual and Material Representations: The primary representation was the ice tray model itself, using
dark-colored paper/sand and white-colored paper/sand placed under ice cubes in two separate sections

of the tray.
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Effectiveness of the Representation: The simple, direct visual of one ice cube melting significantly
faster than the other was an elegant and powerful analog for the Earth's polar regions. The ice cube

represents the ice cap, and the underlying material represents the land or ocean revealed by melting.

Supervisor/Critical Friend Feedback: Commendation would be given for the simplicity and
immediate impact of the model. Feedback might center on ensuring the teacher explicitly names the

concept—Albedo—and defines it as the fraction of solar energy reflected by a surface.

(iv) Knowledge of What is Potentially Difficult for Learners

Conceptual Difficulties: The most challenging concept is the Positive Feedback Loop. Students may

understand "A causes B," but struggle with "B causes more A, which causes more B."

The Loop: Warming causes ice to melt (A—B). Melting exposes dark land/ocean (low albedo). Dark

surfaces absorb more heat. Absorbing more heat causes more warming (more A).

Abstract Difficulties: Understanding that albedo applies not just to ice and land but also to clouds,

atmospheric particles, and surfaces across the globe requires scale thinking.

(v) Conceptual Teaching Strategies

Strategy: Model-Based Inquiry and Prediction: The lesson leverages the physical model to drive an
inquiry-based approach.

Strategy Components:

1. Hypothesis/Prediction: Ask students to predict which ice cube will melt faster and
why, forcing them to engage prior knowledge about color and heat.

2. Guided Experimentation: Students set up the ice tray, place the ice cubes on different
surfaces, and position them under a heat source (like a desk lamp).

3. Data Collection: Instead of just recording when it melted, students should be directed
to observe and record the rate of melt (e.g., height of the ice cube or amount of water
collected over timed intervals).

4. Discussion and Synthesis: A crucial final step was the conceptual bridge. The teacher

uses the melting difference to introduce the term Albedo and then draws a visual
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diagram of the positive feedback loop to connect the simple ice tray model to global

climate processes.

Next was lesson 4 where I taught about mitigation and adaptation of climate change by visiting our

permaculture garden and tree planting around the school yard.

4.3.4 Lesson 4-Adaptation and Mitigation

4.3.4.1 Pre-Planning Reflection and Discussions

Moving into Lesson 4, I shifted the focus from understanding the problem of climate change to
exploring practical solutions. We visited the school's permaculture garden for adaptation and planting
trees for mitigation. I felt a mix of excitement and anticipation for this lesson. My initial plan was to
simply take the learners to the permaculture garden and point out the various adaptation strategies in
place. I also planned to have a straightforward tree-planting session. However, during our pre-
planning discussion, Stacy and Fay offered some valuable suggestions that significantly enhanced the
lesson's potential.

Reflection on Permaculture Garden Visit: Initial Plan: A simple tour and explanation of the garden's
features and Stacy suggested we actively engage the learners by having them identify specific
adaptation strategies, like water conservation techniques or the use of diverse plants. She also
suggested that we make a link to the previous lesson, by asking how a garden like this would be
affected by the changes shown in the ice tray experiment.

Revised Plan: Include an interactive scavenger hunt or observation activity within the garden, where

learners can identify and explain the purpose of different adaptation strategies. I made a link to lesson
3.

Reflection on Tree Planting

Initial Plan: A basic tree-planting activity with a brief explanation of carbon sequestration. Fay
emphasized the importance of connecting the tree planting to the bigger picture of climate change
mitigation. She suggested that I should discuss the role of trees in absorbing carbon dioxide and the
impact of deforestation. She also suggested that I should have the learners write down their thoughts
and feelings about what they are doing. Therefore, the revised plan included a more in-depth
discussion about the carbon cycle and the impact of deforestation. I had the learners write short

reflections on their tree-planting experience, expressing their thoughts on contributing to climate
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change solutions. I realized the importance of moving beyond simple demonstrations and creating
opportunities for active learning and reflection. I also appreciated the value of expert feedback in
refining my lesson plans and ensuring that they are both engaging and educational. I wanted the
learners to leave this lesson feeling empowered and motivated to act in their own lives. I was happy
that we were ending the climate change lessons with a positive and proactive lesson. I was confident
that these revisions will make Lesson 4 a more meaningful and impactful learning experience for the
Grade 6 learners. I was excited to see how they respond to these hands-on activities and how they

connect the concepts to their own lives. I went on to execute the lesson and video recorded it. The

diagram below shows my demonstration of tree planting.

Fig 4S showing tree planting

4.3.4.2 Post-lesson 4 reflection

Lesson 4 was a truly inspiring culmination to our climate change unit. After the lesson, Stacy, Fay,
and I gathered to reflect, and we all agreed that it was a well-thought and meaningful lesson. The
learners' engagement and enthusiasm were palpable, and it was clear they were taking the message to

heart. The permaculture garden visit was a resounding success. The interactive scavenger hunt, as
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Stacy suggested, was a brilliant idea. The learners were actively searching for and identifying the
adaptation strategies, and they were able to articulate how each strategy contributed to the garden's
resilience. The link to lesson 3 was also very effective, and they were able to make the connection

between the ice tray experiment, and the garden.

Fay's suggestion to deepen the tree-planting activity was equally impactful. The discussion about the
carbon cycle and deforestation really resonated with the learners. They understood the significance
of their actions and the positive impact they were making. The learner’s reflective writing was also
very touching. Below are extracts from learners’ reflective writings.

"T used to think climate change was just something adults had to worry about. But today, I

realized even we can make a difference. Taking care of the tree we planted 1s like taking care of
our planet. I'm going to try to use less paper and recycle more."

"I get now why trees are so important. It's like, they're natural filters for the air. The teacher said
they take in carbon dioxide and give us oxygen. It's like they're breathing for us! I also learned
how their roots stop the soil from washing away, which is important when it rains a lot."

What truly stood out was the learners' genuine curiosity and their readiness to become agents of
change. They were asking insightful questions like “why is our government not arresting all mine and
factory owners in this country?” They share their own idea on legislations the government should
pass to avoid the long-awaited catastrophe.” They also expressed a strong desire to make a difference.
It was clear that they were not just learning about climate change, but they were internalizing the

message and feeling empowered to act.

Stacy commented on how the lesson transitioned seamlessly from understanding the problem to
actively participating in solutions. She noted the learners' sense of ownership and the positive energy
they exuded. Fay highlighted the importance of ending the unit on a hopeful and empowering note.
She emphasized how the lesson provided learners with practical skills and a sense of agency,
reinforcing the idea that they can contribute to a sustainable future. We all agreed that the lesson was
a powerful learning experience that fostered a sense of hope and responsibility in the learners. It was
a perfect example of how hands-on activities and real-world applications can make climate change
education meaningful and impactful. The learners' curiosity and their eagerness to be agents of change
were truly inspiring. We are confident that this lesson will have a lasting impact on their lives and

their commitment to environmental stewardship.
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Analysis of Lesson Four: Permaculture Garden Visit and Tree Planting

This analysis was based on a lesson where students visited a local permaculture garden and participate

in planting trees on the school grounds, connecting climate science to sustainable action.

(1) Curricular Saliency: Formulating Objectives and Aligning Content

Focus Concepts: The lesson objectives shifted the focus from identifying the problem (Lessons One,
Two, and Three) to action and solutions. Key concepts include carbon sequestration, sustainable

agriculture/permaculture principles, and local climate adaptation.

Saliency Check: This lesson provided a critical link between classroom theory and real-world
application, making the abstract concepts of climate change feel manageable and solvable. It directly

addressed the role of individuals and communities in mitigation.

Curricular Linkage: It connects the discussion of CO2 (Lesson Two) to the biological process of

photosynthesis and the physical action of tree planting as a natural way to reduce atmospheric CO2.

(i1) Learner Prior Knowledge, Including Misconceptions

Prior Knowledge Activation: Students needed to recall the role of CO2 and the basic process of
photosynthesis. Prior knowledge about local plant life, gardening, or community action is also

engaged.

Misconceptions Revealed/Addressed:

"Planting one tree solved the problem": The teacher needed to address the scale of the climate
challenge versus the scale of local action. The lesson emphasized that while one tree helps, it's the

collective impact and change in land use that matters most.

"Climate change was only a global problem": The permaculture garden visit demonstrates local
adaptation (e.g., water harvesting, composting for soil health) as a necessary response to local

environmental changes.

Questioning Critique: The critical friend would emphasize the use of ethical and civic-minded

questions:

"How does the permaculture garden address the extreme heat or drought we've seen in our area?"

(Focuses on adaptation.)
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"Why is planting a variety of native trees better than planting just one type of fast-growing tree?"

(Prompts thinking on biodiversity and resilience.)

(ii1) Representations Including Analogies

Visual and Material Representations: The permaculture garden itself and the act of tree planting are

the core material representations. The garden serves as a living model of a sustainable ecosystem.

Effectiveness of the Representation: The hands-on engagement (touching the soil, planting the tree)
solidified the abstract concepts of carbon and nutrient cycles. It represents hope and agency in the

face of a large problem.

Supervisor/Critical Friend Feedback: Commendation for utilizing the school environment as a
laboratory. Feedback included suggesting the use of a simple analogy for soil health, such as
comparing healthy soil to a sponge that holds water (adaptation) versus dry soil to sand that lets water

run off (vulnerability).

(iv) Knowledge of What is Potentially Difficult for Learners

Conceptual Difficulties: Understanding the long-term scale of carbon sequestration. The teacher must

explain that the benefits of a newly planted sapling will take years or decades to fully realize.

Abstract Difficulties: Grasping the difference between Mitigation (reducing the causes of climate
change, like planting a tree to absorb CO2) and Adaptation (adjusting to the current or expected

effects of climate change, like designing a garden for drought tolerance).

Addressing Difficulty: The teacher should use a T-Chart to visually separate the concepts, showing

how the garden and tree planting achieve both:

Mitigation: Trees absorb CO2.

Adaptation: Soil management and diverse crops improve resilience to changing weather.

(v) Conceptual Teaching Strategies

Strategy: Experiential Learning and Action Research: The lesson was driven by active learning and

direct engagement with the environment.
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Strategy Components:

1. Field Observation/Guided Tour: Students observed the permaculture garden, focusing
on features like composting, water harvesting, and plant diversity.

2. Expert Interaction: interviewed the school gardener or a permaculture expert to
discuss the why and how of the garden's design.

3. Hands-On Tree Planting: Direct action where students physically plant a tree (or
several). This reinforced the concept of carbon sequestration through muscle memory.

4. Reflection and Documentation: Students recorded their work, and calculating the
estimated future CO2 offset of the trees planted or drawing diagrams of the garden's
water cycle.

5. Follow-up Project: Strategically, this lesson led to a long-term monitoring project
(e.g., measuring tree growth or garden yield) to show the lasting impact of their

actions.

4.3.4 Insights and takeaways drawn from lesson 4

Lesson 4 effectively transitioned from understanding climate change problems to actively
participating in solutions, empowering students to become agents of change. Action-oriented
learning, such as tree planting and garden visits, fosters a sense of agency and responsibility in
students, (Monroeet al., 2019). This is also very strong within the post lesson 4 reflection where the
learners were seen to be ready to be agents of change. The permaculture garden visit and tree planting
provided real-world examples of adaptation and mitigation strategies, making the concepts more
tangible and relevant. Connecting classroom learning to real-world applications enhances student
understanding and engagement, (Plummer and Krajcik, 2018). The use of the permaculture garden,
and the planting of trees are real world applications. Interactive activities, such as the scavenger hunt
in the permaculture garden, significantly enhanced student engagement and learning. Incorporating
interactive and engaging activities into lessons promotes active participation and deeper
understanding. Ending the climate change unit with a focus on solutions instilled a sense of hope and

responsibility in the students. Climate change education should balance the presentation of challenges
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with opportunities for students to learn about and participate in solutions. The discussions allowed
students to process their experiences and connect them to broader climate change concepts. Providing
opportunities for reflection and discussion deepens student understanding and encourages critical
thinking, (Timperley, 2020). Making clear connections between previous lessons, such as lesson 3,
and the current lesson, allowed for a deeper understanding of the subject matter. Lessons should be

linked together, to create a story, and allow the learners to build on previous knowledge.

4.4 Discussions of the Study

This self-study research, focused on teaching climate change to Grade 6 learners, provides valuable
insights into effective pedagogical approaches. The findings align with and contribute to existing

literature on science education, environmental education, and teacher professional development.

The study highlighted the need to move beyond isolated climate change lessons and integrate the
topic across the curriculum. This aligns with the principles of contextualized learning, which
emphasizes connecting learning to real-world contexts and students' prior knowledge (Bransford.et
al., 2000). By linking climate change concepts to existing curriculum topics, such as the water cycle
and ecosystems, students can develop a more holistic understanding of the subject. The successful
implementation of hands-on experiments and real-world applications supports the literature on
experiential and inquiry-based learning. These approaches promote active engagement, critical
thinking, and deeper understanding of scientific concepts (National Research Council, 2012). The
permaculture garden visit and tree-planting activity provided students with authentic learning

experiences that fostered a sense of agency and responsibility.

The study highlights the importance of using open-ended questions and facilitating discussions to
promote critical thinking. This aligns with research on effective questioning techniques, which
suggests that teachers should move beyond closed-ended questions and encourage students to
elaborate on their thinking (Chin, 2007). The use of prompts and strategic questioning can scaffold

students' learning and promote deeper understanding.

The iterative self-study approach and the incorporation of feedback from critical friends, the expert
and my supervisor highlight the importance of continuous reflection and professional development.
This aligns with research on teacher learning, which emphasizes the need for teachers to engage in
ongoing reflection and collaboration to improve their practice (Timperley, 2020). The use of

video/audio recordings and transcripts provided valuable data for reflection and analysis.
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The study's emphasis on action-oriented learning and empowerment aligns with the goals of
environmental education, which seeks to foster environmentally responsible citizens (UNESCO,
2017). By providing students with opportunities to act, such as tree planting and community-based

projects, educators can instill a sense of hope and agency.

The study revealed the importance of addressing students' misconceptions and promoting conceptual
clarity. This aligns with research on conceptual change, which emphasizes the need for teachers to
identify and challenge students' existing beliefs (Posner et ai., 1982). The use of concrete examples,
analogies, and hands-on experiments can help students develop a more accurate understanding of

climate change concepts.

The shift from dry ice to vinegar and soda emphasized the importance of safety in hands-on science
activities. This aligns with established safety protocols in science education (Flinn Scientific, 2011).

As educators, we must prioritize safety and implement appropriate measures to minimize risks.

Summary

This chapter presented a detailed analysis of the data collected during my self-study investigation into
teaching climate change to Grade 6 learners. The study addressed the main research question, "How
do I teach Grade 6 learners to understand the complex science of climate change?" and its sub-
questions, through a systematic examination of curriculum documents, lesson plans, teaching
sessions, and reflective discussions with critical friends.

The initial analysis of the syllabus documents revealed that climate change-related concepts are
present across the Grade 4-6 Natural Sciences and Technology curriculum, though not always
explicitly linked. This highlighted the importance of a focused analysis to uncover these connections
and utilize them effectively in climate change education. The insights gained from this analysis
directly informed the selection of suitable content for Grade 6 learners, addressing the first sub-
question. The implementation of a cyclic self-study approach, involving planning, teaching,
reflection, and refinement, proved crucial in developing my understanding of teaching climate
change. This process, informed by expert feedback and critical reflection, facilitated the evolution of
my pedagogical strategies. The four research lessons, focusing on the causes, impacts, adaptation,
and mitigation of climate change, were designed and delivered based on this iterative process. The
analysis of the first lesson, using the TSPCK framework, highlighted the importance of content

accuracy, effective questioning techniques, and the integration of prior knowledge. Subsequent
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lessons, incorporating hands-on experiments (vinegar and soda, ice tray) and real-world applications
(permaculture garden visit, tree planting), demonstrated the effectiveness and hence the importance
of experiential learning and practical action in climate change education. The shift from dry ice to
vinegar and soda emphasized the importance of prioritizing safety in hands-on science activities.
Continuous reflection and feedback were essential for refining teaching approaches and ensuring
effective pedagogy. Active student participation, curiosity, and ownership of learning were crucial
for deeper understanding. Linking concepts across lessons and to real-world examples enhanced
student learning. The study demonstrated that teaching climate change to Grade 6 learners requires a
multifaceted approach that combines accurate content delivery, engaging activities, and a focus on
empowering students to act. The findings of this study provide valuable insights for educators seeking
to effectively teach climate change and foster environmental stewardship among young learners.

Next, I present chapter 5 on Discussions and recommendations.

Chapter 5

Discussion , Recommendations and limitations

5.1 Introduction

This chapter serves as the culmination of the research study, drawing together the key findings and
insights derived from the preceding chapters. The primary aim of this study was to investigate
effective methods for teaching the complex science of climate change to Grade 6 learners.
Specifically, this research sought to address the following central question: "How do I teach Grade 6
learners to understand the complex science of climate change?" and its related sub-questions: What
content of climate change is suitable for Grade 6 learners? How does my understanding of teaching
climate change develop as I plan and teach the topic to Grade Six learners? What should I consider

and do to effectively teach the topic of climate change to grade 6 learners? Building upon the detailed
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data analysis and presentation of findings in Chapter 4, this chapter provided a comprehensive
summary of the research process and its outcomes. I synthesized the key insights gained from the
analysis of curriculum documents, lesson plans, teaching sessions, and reflective discussions,
highlighting the evolution of my understanding and pedagogical approaches. Furthermore, I
presented the conclusions drawn from the study, addressing the research questions and offering
recommendations for educators seeking to enhance climate change education in the intermediate
phase. Finally, I discussed the limitations of the study and proposed avenues for future research,

contributing to the ongoing dialogue on effective climate change pedagogy.

5.2 Summary of the research process and findings

This research study employed a self-study methodology, grounded in action research principles, to
investigate effective strategies for teaching climate change to Grade 6 learners. The central aim was
to address the question: "How do I teach Grade 6 learners to understand the complex science of
climate change?" This was accomplished through a systematic and cyclical process of planning,

teaching, reflecting, and refining pedagogical approaches.

The research process commenced with an analysis of the Grade 4-6 Natural Sciences and Technology
curriculum documents (CAPS and ATPs) to identify relevant climate change-related concepts. This
analysis revealed that while these concepts were embedded within the curriculum, their explicit
connection to climate change was not always apparent. This process highlighted the importance of a
focused analysis to uncover these connections and utilize them effectively in climate change

education.

Following the curriculum analysis, four research lessons were designed and implemented, focusing
on the causes, impacts, adaptation, and mitigation of climate change. Each lesson was meticulously
planned, delivered, and subsequently reflected upon, with input from critical friends and my
supervisor. This iterative process, facilitated by video/audio recordings, lesson transcripts, and
reflective journal entries, allowed for continuous improvement and refinement of pedagogical
strategies. The first lesson, focusing on the causes of global warming, was analyzed using the TSPCK
framework, revealing the importance of content accuracy, effective questioning techniques, and the
integration of prior knowledge. Subsequent lessons incorporated hands-on experiments, such as the
vinegar and soda experiment (demonstrating the heat-trapping properties of CO2) and the ice tray
experiment (illustrating rising sea levels), as well as real-world applications, including a visit to the

school's permaculture garden and a tree-planting activity
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The research process deepened my understanding of the curriculum's potential for climate change
education. The iterative self-study approach and expert feedback led to significant improvements in
my pedagogical strategies. I learned that hands-on experiments, real-world applications, and engaging
activities are crucial for promoting student understanding and engagement. The research highlighted
the importance of empowering students to become agents of change through action-oriented learning.
The study also emphasized the value of continuous reflection and feedback in refining teaching
approaches. I gained a deeper understanding of the science behind climate change, including the
greenhouse effect, carbon cycle, and mitigation strategies. The study demonstrated that it is possible
to teach complex climate change concepts to Grade 6 learners using appropriate pedagogical
approaches. The use of data from the recordings, transcriptions, and reflections allowed for evidence-
based insights and conclusions. This research study yielded a rich tapestry of insights gleaned from
the systematic analysis of curriculum documents, lesson plans, teaching sessions, and reflective
discussions. These insights, when synthesized, provide a comprehensive understanding of effective

climate change education for Grade 6 learners.

Key Findings Structured by Specific TSPCK Tenets

The self-study methodology successfully investigated effective strategies for teaching complex
climate change science to Grade 6 learners. The insights derived from the systematic analysis of
lessons and reflections are presented below, explicitly organized by the relevant tenets of the

Technological, Societal, Pedagogical, Curricular, and Content Knowledge (TSPCK) framework.

1. Curricular Saliency

The research process highlighted the critical role of the teacher in establishing curricular saliency for

climate change education:

Uncovering Hidden Concepts: Analysis of the Grade 4-6 Natural Sciences and Technology
curriculum (CAPS and ATPs) revealed that while relevant concepts were embedded, their explicit
connection to the larger issue of climate change was not always apparent. The study, therefore,
demonstrated that focused pedagogical work was required to make these fragmented concepts cohere

under the umbrella of climate change.

Action as Saliency: The shift in focus to action (e.g., the permaculture garden visit and tree planting)
in the later lessons provided strong curricular saliency by linking abstract science (carbon cycle) to

tangible, societally relevant mitigation and adaptation strategies.
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2. Knowledge of Learners' Prior Knowledge (and Misconceptions)

The iterative cycle of planning, teaching, and reflecting improved the pedagogical approach by

directly addressing learners' existing understanding:

Pre-Assessment and Correction: The initial lessons required the explicit use of pre-assessment
techniques to gauge existing knowledge. The analysis of Lesson 1, for example, revealed the need to
carefully articulate the difference between subordinate concepts (greenhouse effect) and main
concepts (climate change), building on what learners already knewAddressing Misconceptions
through Experimentation: The use of hands-on activities, such as the CO2 and ice tray experiments,
proved highly effective in addressing common science misconceptions by providing empirical
evidence that challenged simplistic prior notions (e.g., demonstrating that an invisible gas could trap

measurable heat).

3. Knowledge of What is Difficult for Learners to Grasp (Conceptual Challenge)

The study provided insights into the specific complexity of climate science for this age group and

identified successful mitigation strategies:

Abstract Nature of Concepts: The research acknowledged that many core climate change concepts
(e.g., atmospheric circulation, long-term models, the infrared trapping mechanism) were abstract and

conceptually difficult for Grade 6 learners to visualize.

Addressing Difficulty through Analogy and Action: Effective teaching depended on bridging this
difficulty using two primary methods:

Real-World Analogy: The use of the car analogy in Lesson 1 effectively gauged existing knowledge

and connected the visible to the abstract.

Experiential Action: The action-oriented lessons (permaculture, tree planting) transformed difficult
concepts like "mitigation" and "adaptation" into concrete, manageable actions, thereby reducing the

conceptual barrier.

4. Mode of Representation

The successful execution of the lessons relied heavily on diverse and effective modes of

representation, moving from verbal explanations to tangible models:
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Visual and Analogical Aids: The research confirmed the importance of using visuals, videos, and
real-world analogies (like the parked car) to enhance understanding and engagement. These modes

catered to different learning styles.

Shift to Material Models: A significant finding was the success of shifting the mode of representation
to physical, hands-on models. The ice tray experiment and the CO2 experiment served as powerful
material models, allowing learners to observe scientific principles directly and making the learning

process more relatable and meaningful than purely verbal or visual explanations.

5.3 Addressing the research questions

This self-study research aimed to investigate effective methods for teaching climate change to Grade
6 learners, addressing the main question: " " How can I better teach learners to understand the complex

science of climate change? and its sub-questions.

What content of climate change is suitable for Grade 6 learners?

Grade 6 learners can understand fundamental climate change concepts when presented appropriately
in an engaging manner. Suitable content includes: The greenhouse effect and its role in global
warming. The impact of human activities on greenhouse gas emissions. The effects of climate change,
such as rising sea levels and extreme weather events. Adaptation and mitigation strategies, including
renewable energy, sustainable agriculture, and reforestation. The curriculum documents, when
analysed, show that linking existing taught concepts, to the concept of climate change is a very
effective way to teach the subject. It is vital to use concrete examples, hands-on experiments, and

real-world applications to make these concepts accessible.

How does my understanding of teaching climate change develop as I plan and teach the topic to

Grade Six learners?

My understanding of teaching climate change evolved significantly through the iterative self-study
process. Key developments include: Firstly, a shift from a teacher-centered to a student-centered

approach, emphasizing active learning and inquiry. Secondly, an increased awareness of the
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importance of effective questioning techniques and the integration of prior knowledge. Thirdly, a
deeper appreciation of the value of hands-on experiments and real-world applications in making
complex concepts tangible. Fourthly, the realization that continuous reflection and feedback are
essential for refining pedagogical practices and Lastly, a greater understanding of the TSPCK
framework, and the importance of integrating content, pedagogy, and technology. I realized first time
in my teaching career that, the value of linking lessons together is that as a teacher, you create a story,

that the learners can follow.

What should I consider and do to effectively teach the topic of climate change to Grade 6 learners?

Effective climate change education for Grade 6 learners requires firstly, careful planning and
selection of age-appropriate content. Secondly, use of engaging and interactive activities, such as
hands-on experiments and real-world applications. Thirdly, a student-centered approach that fosters
active participation and critical thinking. Fourthly, integration of technology to enhance learning
experiences. Fifthly, a focus on empowering students to become agents of change through action-
oriented learning. Sixth, continuously reflecting and seeking feedback from critical friends and
experts to refine pedagogical practices. Seventh, creating a learning environment that fosters curiosity
and a sense of responsibility and lastly, linking the lessons together, so that the learners can build on
previous knowledge. In summary, this study demonstrates that teaching climate change to Grade 6
learners is feasible and impactful when educators adopt a student-centered, inquiry-based approach

that integrates hands-on activities, real-world applications, and continuous reflection.

5.4 Recommendations for educators seeking to enhance climate change education in the Intermediate

Phase

Based on the findings and conclusions of this study, the following recommendations are provided to
educators seeking to enhance climate change education in the intermediate phase. To effectively teach
the topic of climate change, it is important to actively seek and identify connections between climate
change concepts and existing curriculum content. It is also important to move beyond isolated lessons
and strive for integrated, cross-curricular teaching. Utilizing existing topics, such as the water cycle,
ecosystems, and energy transfer, as entry points for climate change discussions can also be useful.
Incorporating hands-on experiments, simulations, and real-world applications is important to make

abstract concepts tangible. Organizing field trips to local gardens, nature the reserves of renewable
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energy facilities can effectively engage students in citizen science projects or community-based

environmental initiatives.

5.5 Limitations

This self-study, focused on teaching climate change to Grade 6 learners, provided rich, contextualized
insights. However, the methodology and scope presented several limitations that should be

acknowledged when interpreting the findings, which also suggest directions for future research.

Issues of Generalizability (External Validity)

The findings are highly specific to the context in which the research was conducted, limiting their

application to broader educational settings.

Single Context and Grade Level: The research focused solely on one Grade 6 class within a specific
school environment. Consequently, the findings regarding effective climate change strategies may
not be generalizable to other grade levels (e.g., intermediate or high school), different subject areas,

or schools operating under distinct governance, resource, or cultural conditions.

Unique Student Population: The effectiveness of the pedagogical strategies (like the hands-on
experiments or the permaculture visit) is tied to the specific prior knowledge, socio-economic
background, and learning styles of the single cohort studied. Replication in a different cultural or

linguistic context may yield different results.

Subjectivity and Bias (Internal Validity)

Self-study inherently involves the researcher as the primary instrument of data collection and

analysis, raising concerns about objectivity.

Researcher-Teacher Dual Role: As both the teacher delivering the lessons and the researcher
collecting and interpreting the data, the individual's pre-existing beliefs, pedagogical ideals, and
personal investment in the success of the lessons could have unintentionally influenced observational

focus and reflective journal entries.

Confirmation Bias: There is a risk of confirmation bias, where the researcher may subconsciously
focus on or over-emphasize evidence that supports the hypothesized improvement or efficacy of the

refined teaching strategies, while downplaying less positive outcomes.
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Reliance on Self-Reflection: While efforts like triangulation and critical friend feedback were used
to enhance rigor, the ultimate interpretation rested on the researcher's self-reflection, which by nature

remains subjective.

Methodological and Time Constraints (Rigor and Scope)

Practical limitations related to the study's scope and data capture techniques affected the depth and

comprehensiveness of the data.

Limited Duration and Iteration: The time constraints of the study limited the depth of exploration and
the number of iterative cycles and lessons implemented. A longer-term study would allow for the
observation of sustained pedagogical change and the long-term impact on student learning and

retention.

Data Capture Limitations: While video and audio recordings were used, they may not have captured
all nuanced, tacit, or non-verbal data (such as subtle student interactions, off-camera student
expressions, or the full atmosphere of the room). This limits the richness of the data used for

subsequent reflection and analysis.

Focus and Scope (Limited Stakeholder Perspective)

The study's primary focus was on the teacher's growth, potentially underrepresenting other critical

data sources.

Teacher-Centric Focus: The research primarily focused on the teacher’s perspective and pedagogical
development (e.g., changes in questioning techniques, improved representation modes). While

student engagement was observed, the study lacked deep, triangulating data on student outcomes.

Insufficient Student Voice: A more comprehensive study would require more in-depth student data,
such as pre- and post-instruction knowledge assessments, focus groups, or extensive individual
interviews with learners. This would provide a necessary counter-perspective to the teacher's

reflection and offer stronger evidence for the actual impact on student understanding.

5.6 Proposals for future research
Teachers and scholars can conduct studies with larger and more diverse samples of students and
teachers to enhance the generalizability of findings. They can also implement comparative studies to

investigate the effectiveness of different pedagogical approaches in various contexts. Teachers can
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also conduct longitudinal studies to examine the long-term impact of climate change education on
students' knowledge, attitudes, and behaviors. It would also be interesting to investigate students'
development of environmental literacy and their engagement in climate action over time and to
conduct research that focuses on students' perspectives and experiences, using methods such as
student interviews, focus groups, and surveys. With emerging technologies research can also be
carried out to explore the effective integration of emerging technologies, such as virtual reality and

augmented reality, in climate change education.

5.7 Personal Reflections on the Self-Study Journey

This self-study journey has been a transformative experience, profoundly impacting my
understanding of teaching climate change and my own professional growth. It was a journey marked
by challenges, moments of self-doubt, and ultimately, a deep sense of accomplishment. Initially, I
felt overwhelmed by the complexity of climate change and struggled to formulate age-appropriate
content for Grade 6 learners. I questioned my ability to simplify complex scientific concepts without
sacrificing accuracy. This was particularly evident during the early stages of planning, where I
grappled with identifying suitable content and sequencing the lessons effectively. My supervisor's
guidance proved invaluable during this time. She provided crucial insights into the fundamental
science of climate change, helping me to clarify my own understanding and develop a logical
progression for the lessons. Her expertise allowed me to break down complex concepts into
manageable components, ensuring that the content was both accurate and accessible to my students.

Without her input, I would have struggled to formulate a coherent and effective curriculum.

The support I received from my critical friends, Stacy and Fay, the expert I was consulting was
equally essential. Their perspectives and feedback challenged my assumptions and encouraged me to
think critically about my pedagogical approaches. Stacy's emphasis on inquiry-based learning and her
suggestions for incorporating interactive activities significantly enhanced student engagement. Fay's
focus on real-world applications and her insights into connecting climate change to students' lives
made the learning experience more meaningful and impactful. The iterative nature of the self-study
process allowed me to continuously refine my teaching practices. Each lesson provided opportunities
for reflection and improvement. The analysis of video/audio recordings and transcripts, combined
with the feedback from my critical friends, enabled me to identify areas for growth and implement
necessary adjustments. I learned the importance of moving beyond a teacher-centered approach and
embracing student-centered learning. The shift towards hands-on experiments, real-world

applications, and inquiry-based activities fostered a more engaging and empowering learning
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environment. [ also came to appreciate the value of effective questioning techniques and the

integration of prior knowledge.

The TSPCK framework provided valuable lens for analyzing my pedagogical practices and
understanding the interplay between content, pedagogy, and knowledge of my students and of
context. I realized that effective teaching requires more than just content knowledge; it demands a
deep understanding of how to make that content accessible to students. Throughout this process, I
experienced moments of self-doubt and frustration. There were times when I questioned my ability
to effectively teach such a complex subject. However, the positive feedback from my students and
the support from my supervisor and critical friends kept me motivated. This self-study has not only
enhanced my pedagogical skills but also deepened my understanding of climate change. I now feel
more confident in my ability to teach this crucial topic and empower my students to become informed
and engaged environmental stewards. I am grateful for the invaluable support I received throughout

this journey, which ultimately enabled me to achieve my research goals.

5.8 Summary

This chapter has provided a comprehensive synthesis of the research findings, addressing the study's
central question: "How do I teach Grade 6 learners to understand the complex science of climate
change?" The conclusions drawn from the analysis of curriculum documents, lesson plans, teaching
sessions, and reflective discussions highlight the effectiveness of a student-centered, inquiry-based
approach that integrates hands-on activities, real-world applications, and continuous reflection. The
study demonstrated that Grade 6 learners can understand fundamental climate change concepts when
presented in an age-appropriate and engaging manner. The evolution of my pedagogical approach,
facilitated by expert guidance and critical friend feedback, underscored the importance of shifting
from teacher-centered to student-centered learning. The integration of the TSPCK framework
provided a valuable lens for analyzing and improving teaching practices. Recommendations for
educators seeking to enhance climate change education in the intermediate phase emphasize the need
for integrated learning, experiential activities, effective questioning, technology integration, and
action-oriented approaches. The limitations of this self-study, including the limited sample size and
subjectivity, highlight the need for future research that explores larger-scale studies, longitudinal
impacts, and student-centered perspectives. Ultimately, this research journey has been a
transformative experience, deepening my understanding of climate change education and enhancing

my pedagogical skills. The insights gained from this study contribute to the ongoing dialogue on
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effective climate change pedagogy and provide valuable guidance for educators seeking to empower

young learners as informed and engaged environmental stewards.
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ANNEXURES

1 Permission letter

UNIVERSITY OF THE é
WITWATERSRAND, \&/
JOHANNESBURG

University of the Witwatersrand,
Wits School of Education
Parktown Education Campus

011 717 3007

The Head of Department
Northern Cape Department of Education
P.Bag X5029

Kimberly 8301
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11 April 2024

Dear Sir/Madam,

Re: Permission to conduct research at Segwaneng primary school in JTG District

My name is Christopher Chekwa. I am a teacher at Segwaneng primary School in John Taolo

Gaetsewe district of the Northern cape province.

I am studying for a master’s in education in the School of Education at the University of the

Witwatersrand. I am seeking permission to do research at Segwaneng Primary School.

I am conducting research on Learning to teach about climate change to grade six learners. A self-
study.

The research will entail collecting data from myself video recording my lessons

I will invite individuals from your School to participate in this study. The invited persons are the
researcher (Mr. Chekwa Christopher) and grade six learners If they agree, the learners will be asked
to attend four one-hour periods video recording. During the lessons, the learner’s responses will not

be video recorded.

Participants will be asked to give their written or verbal consent before the research begins. Their
responses will be treated confidentially, and identities (their names and the name of the School) will
be anonymous unless otherwise expressly indicated. Individual privacy will be maintained in all

published and written data resulting from the study.

The results will be communicated in dissertation; academic journals; book chapter, etc.

The research participants will not be advantaged or disadvantaged in any way. They will be reassured
that they can withdraw their permission at any time during this project without any penalty. There are

no foreseeable risks in participating in this study. The participants will not be paid for this study.

All research data will be preserved anonymously for reuse by other researchers.
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I therefore request permission in writing to conduct my research at your School. The permission letter
should be on your department’s headed paper, signed and dated, and specifically referring to myself

by name and the title of my study.

Please let me know if you require any further information. I look forward to your response as soon as

is convenient.
Yours sincerely,
Christopher Chekwa

L% f)5?

Contact number 0710505032
Email address 325341(@students.wits.ac.za

[Supervisor’s name
Professor E Nyamupangedengu

Wits contact number 0117173752

Wits email address eunice.nyamupangedengu(@wits.ac.za

Participant information

UNIVERSITY OF THE é
WITWATERSRAND, X/
JOHANNESBURG

2 Participant Information Sheet (PIS) parent

Dear Sir / Madam
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Good day

My name is Christopher Chekwa. I am a master’s student at Wits School of Education at the
University of the Witwatersrand, Johannesburg. My student number is 325341. My supervisor is Prof.
E Nyamupangedengu. [ am conducting a research study about Learning to teach grade 6 learners. The

study title is Learning to teach about climate change to grade 6 learners: A self-study.

I am inviting your child to take part in the lesson where I will be teaching him/her. If you agree for
your child to take part, his/her participation in this research study will last about four hours divide
into an hour periods taking place in different days. Being my learner, he/she will not suffer any
prejudice if he/she decide not to take part.

I would like to audio/video record myself teaching the learners. This data will be stored in protected
passworded computer and can be used for further research purposes. Only the researcher will have

access to the data.

During the research activity, I will not need to ask for some personal information about your child.

The Video recorded lessons will be confidential and anonymous. When I share the results of the
research study, I will not include names or anything else that could identify your child. With your
permission, other researchers may use the data collected from this research study, but names and any

personal information will not be used or passed on.

If you decide for your child to take part in the research study, it should be because he/she wants to
volunteer. He/she can stop being in the study at any time. He/she does not have to answer any
questions if he/she does not want to. He/she will not get any direct benefits if she/he chooses to join
the research study. He/she will not lose any services, benefits, or rights he/she would normally have
if he/she decides not to join. Taking part in the research study will not cost your child anything.
He/she will not be paid for being in this research study.

The risks for this research study are no more than what happens in everyday life. OR Some of the
questions asked may make your child feel sad or upset. If this happens, I will stop the lesson and
continue another time. If your child needs some support or counselling services following the lesson
these are available free of charge at District Education offices. The researcher will organise the

counselling services at the researcher’s costs.
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This research study will be written up as a research report. The report will be available on the
university library website. If you would like to receive a summary of this report, I will be happy to

send it to you.

If you or your child have any questions during or afterwards about this research study, feel free to

contact me details listed below.

Telephone 0710505032
email 325341 @students.wits.ac.za

My supervisor Professor E Nyamupangedengu

Telephone 0117173752

email Eunice.nyvamupangedengu@wits.ac.za

If you have any concerns or complaints about the ethical procedures of this research study, you are
welcome to contact the University Human Research Ethics Committee (Non-Medical), telephone

+27(0) 11 717 1408, email hrecnon-medical@wits.ac.za.

Yours sincerely,

Christopher Chekwa

L% f)5?

Researcher:

Christopher Chekwa

Telephone 0710505032

email 325341 @students.wits.ac.za

Supervisor:
Professor Eunice Nyamupangedengu

Telephone 0117173752

email eunice.nyamupangedengu@wits.ac.za
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3 Consent form

UNIVERSITY OF THE

WITWATERSRAND,
JOHANNESBURG

Consent Form for Principal

Title of project Learning to teach about climate change to grade six learners. A self-study.

Name of researcher Christopher Chekwa

R agree that the grade 6 learners of my school will participate in

this research project.

I agree to the following:

(Please circle the relevant options below)

The research study was explained to me. I understand what this YES NO

study is about. Learning to teach about climate change to grade six

learners: A self-study.

I understand that the grade 6 learners of my school can volunteer to YES NO

take part in the study

I agree that the lessons may be video/audio recorded YES NO
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I agree that direct quotations from the teacher’s videos/audios may
be used by the researcher in their research report/ manuscript/book

chapter

I agree that the participation of the grade 6 will remain anonymous
(their names or other identifying data will not be used by the

researcher in their research report/manuscript/book chapter)

I agree that other researchers may use the information of the grade
6 learners provided in the lessons (depending on their own ethics
clearance being obtained) but the names and any personal

information will not be used or passed on

.......................................... (signature)

.......................................... (name of principal)

O phs
i (signature)

Christopher Chekwa 11/04/2024

4 Assent form

UNIVERSITY OF THE é
WITWATERSRAND, X/
JOHANNESBURG

Assent Form
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Title of project Learning to teach about climate change to grade six learners. A self-study.

Name of researcher Christopher Chekwa

P agree to participate in this research project.

I agree to the following:

(Please circle the relevant options below)

The research study was explained to me. I understand that this study YES NO

is about learning to teach about climate to grade 6 learners: A self-

study.

I understand that I can volunteer to take part in the study YES NO
I agree that the lessons may be audio recorded YES NO
I agree that direct quotations from the lessons may be used by the YES NO

researcher in their research report/ manuscript/book chapter

I agree that my participation will remain anonymous (my name or YES NO
other identifying data will not be used by the researcher in their

research report/manuscript/book chapter)

I agree that other researchers may use the information I provide in YES NO
the lessons (depending on their own ethics clearance being
obtained) but my name and any personal information will not be

used or passed on
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.......................................... (signature)

.......................................... (name of participant)

7
.. (signature)
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Wits Ethics Certificate

1%
UNIVERSITY OF THE (12
WITWATERSRAND, 37 — W

JOHANMNESBURG ==3——— Wits School of Education

SCHOOL OF EDUCATION ETHICS COMMITTEE

CONSTITUTED UNDER THE UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE (NON-

MEDICAL)

CLEARANCE CERTIFICATE PROTOCOL NUMBER: 2024ECE022M

PROJECT TITLE Learning to teach about climate change to
grade six learners. A self-study.

INVESTIGATOR Christopher Chekwa

SCHOOL/DEPARTMENT OF INVESTIGATOR WSoE

DATE CONSIDERED 10 June 2024

DECISION OF THE COMMITTEE Approved unconditionally

RISK LEVEL Minimal Risk

EXPIRY DATE Date of submission of the Research Report

ISSUE DATE OF CERTIFICATE 15 July 2024
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EXPIRY DATE Date of submission of the Research Report

ISSUE DATE OF CERTIFICATE 15 July 2024
Ap ST
CHAIRPERSON Dr.tawan Abdulhamid

cc: Prof. Eunice Nyamupa

DECLARATION OF INVESTIGATOR

To be completed in duplicate and ONE COPY returned to the Chairperson of the School/Department
ethics committee.

| fully understand the conditions under which | am are authorized to carry out the abovementioned
research and | guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved l/we undertake to resubmit the protocol to the
Committee.

Signature Date



6 Northern Cape province Permission

DEPARTMENT OF EDUCATION

tian House

Enguiries; J N Home
Contact No.: (053) 838 6757
Reference: L2.10.24.3
Date: 29 July 2024

223 Kameel Street
Kuruman
8470

Dear Mr C Chekwa

APPROVAL TO CONDUCT RESEARCH
The aforesaid matter with, Ref: L2.10.2.4.3, bears refarence.

This letter serves to indicate that approval is granted to conduct research for the research
dissertation titled: “Learn8ng to teach about climate change to grade six learners: A self-
study".

The onus rests with you as the researcher to arrange appropriate and relevant time schedules
with the sampled lzarners to conduct the research after written parental consent was obtained. A
copy of this approval letter must be presented to the relevant school (Principal and 3GB) and the
District Director as proof that permission for the research has been granted.

The following conditions must be strictly applied during the conduct of your research in the
NCDoE. Approval may be withdrawn should any of the conditions listed below be flouted,

118



119

Enguiries: J N Home

Contact Mo.: (053) B39 6757
Reference: L2.10.2.4.3
Date: 29 July 2024

223 Kameel Strest
Kuruman
8470

Dear Mr C Chekwa

APPROVAL TO CONDUCT RESEARCH
The aforesaid malter with, Ref: L2.10.2.4.3, bears referencs.

This letter serves to indicate that approval is granted to conduct research for the research
dissertation titled: “Learn8ng to teach about climate change to grade six learners: A self-
study”.

The onus rests with you as the researcher to arrange appropriate and relevant time schedules
with the sampled learners to conduct the research after written parental consent was obtained. A
copy of this approval letter must be presented to the relevant school (Principal and SGB) and the
District Director as proof that permission for the research has been granted.

The following conditions must be strictly applied during the conduct of your research in the
MCDoE. Approval may be withdrawn should any of the conditions listed below be flouted,

il cComment” * " -
The study topic covers a policy position of the Basic
Education Sector and thus has value. The study seeks
| to teach learners to understand the causes and impact
Value of the proposed research | of climate change and to empower them to act on |
| issues that threaten their existence by learning to make
the right decisions.

. o " The research is aligned to palicy and to the Medium
Policy and Strategic Alignment Term Strategic Framework (MTSF).
! . .



| The NCDoE would benefit from the research as
Potential benefits to the NCDoE empirical evidence would be avallable that is derived
from the Northern Cape experiences.

_— The Research Report findings will confribute to the
Guntlflbutlan t? t?: kgquleg%e bafse . knowledge base agg Iiteraturg of the Basic Education
;;?:tg? rature in the Basic Education | Sector as it seeks to extend the existing Iterature to

understand the complex science of climate change.
Appropriatenass of the methodology  The study will adopt a qualitative research approach
adopted ~ which will include a self-study

Ethical clearance was granted by the School of
Education Ethics Committee of the University of the
Witwatersrand. The study will adhere to ethical
principles namely voluntary participation, informed
consent, anonymity, confidentiality, no harm to
participants, data protection, non-discrimination,
confirmation that the study is free of plagiarism and
that results are accurately represented.

The accountability is as per NCDoE Research

Ethical Considerations

Accountablity | Guidelines. L B ~
Conditions to be agreed by the The conditions to be adhered to are as per NCDoE
| applicant | Research Guidelines.

The researcher will conduct a self-study which will
include video recordings of four Grade 6 lessons,

| Datasets | No dataset was requested by the researcher.

Types of Research

Please note that this approval is subject to the submission of a copy of the final research report
as well as a presentation on the purpose, findings and recommendations of the research to
relevant NCDoE officials.

The Morthern Cape Education Department wishes you well in this important undertaking and is
looking forward to examine the findings of your research project.

Kind regards
Oﬂsﬂlw a?’ﬁf"ﬂﬁjw
OR MIISHMAIL 'DATE

NT

6 Lesson plans

Lesson plan 1
Lesson Title: Understanding the Causes of Climate Change and Global Warming
Grade Level: 6th
Subject: Natural Sciences and Technology (NST)
Time Allotment: 60 minutes
Learning Objectives:
e Learners will be able to define climate change and global warming.
o Learners will be able to explain the greenhouse effect and its role in climate change.

e Learners will be able to identify human activities that contribute to global warming.
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o Learners will be able to discuss potential consequences of climate change.
Materials:
e Whiteboard or projector
e Markers or pens
e Chart paper
o Pictures/diagrams of the greenhouse effect
o Worksheet handouts (differentiated)
Procedure:
Introduction (10 minutes)

1. Engage Prior Knowledge: I will begin by asking learners these questions
to share what they already know about climate change and global warming. I will ask them the
following questions and will Record their responses on the board. This will activate prior knowledge
and help me identify any misconceptions that need to be addressed.
1.1 What is weather?

o Weather is what's happening outside right now, or over a short time. It's things like if it's
sunny, rainy, windy, or cold today. Think of it as the mood of the day!

1.2 What is climate?

o Climate is the usual weather in a place over a long time, like many years. For example, some
places have a hot and dry climate, while others have a cold and snowy climate. It's like the
average mood of a place.

1.3 What is the atmosphere?
o The atmosphere is the layer of gases that surrounds the Earth. It's like a big blanket that keeps
us warm and protects us from harmful things from space.
1.4 What is the composition of the air in the atmosphere?
e The air is mostly made up of:
o Nitrogen (a lot of it 78%)
o Oxygen (what we breathe 21%)
o A little bit of other gases like carbon dioxide.( 0,04%)
1.5 What are non-renewable sources of energy?

e Non-renewable energy comes from things that we can't make again easily, or that take millions

of years to form. Once we use them up, they're gone. Examples are coal, oil, and natural gas.
1.6 What are renewable sources of energy?

e Renewable energy comes from things that can be used again and again, or that naturally

replace themselves. Examples are sunlight (solar), wind, and water (hydro).

1.7 What are fossil fuels?
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o Fossil fuels are coal, oil, and natural gas. They're called "fossil" fuels because they were
formed from the remains of ancient plants and animals that lived millions of years ago.
1.8 How is heat transferred from one place to another?
o Heat can move in three main ways:
o Conduction: Heat moves through touching things, like when a spoon gets hot in a hot
soup.
o Convection: Heat moves through liquids and gases, like hot air rising from a heater.

o Radiation: Heat moves through space, like the warmth from the sun.

1. Definition of Key Terms:
climate change This refers to long-term shifts in temperatures and weather patterns. These shifts
can be natural, but human activities have been the main driver of climate change, primarily through
the burning of fossil fuels (coal, oil, and gas).
global warming This specifically refers to the long-term trend of increasing average global
temperatures. It is a major aspect of climate change.
Greenhouse effect This is a natural process that warms the Earth's surface. Certain gases in the
atmosphere (greenhouse gases) trap heat from the sun, preventing it from escaping back into space.
" These are the definitions that I am going to give to learners. I will Emphasize the difference between
weather (short-term conditions) and climate (long-term patterns). Explain that global warming refers
to the increasing average temperature of the Earth.
Activity 1: Exploring the Greenhouse Effect (20 minutes)
1. Analogy: I am going to use this analogy, pictures and videos to explain the concept of the
greenhouse effect. “ Why do we cover ourselves with blankets at night or when its wintertime?
How does the blanket make us feel warm? Depending on how the learners are going to
respond, I am then going to give the following explanation: I decided to use this analogy
because it is relatable to my learners. For example, compare the Earth's atmosphere to a

blanket that traps heat or a greenhouse that allows sunlight in but traps some of the heat

2. Visual Representation: Below are the pictures and videos that I will use Explain how certain

gases in the atmosphere trap heat, like the glass in a greenhouse.
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The fig above shows the greenhouse effect and how it works
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The fig above shows different forms of human activities that accelerates the emissions of carbon

dioxide in the atmosphere
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3. Interactive Discussion: Facilitate a discussion about the natural greenhouse effect and its
importance in maintaining Earth's temperature. Guide learners to understand why an enhanced
greenhouse effect, caused by increased greenhouse gas emissions, leads to global warming.

Activity 2: Human Impact on Climate Change (20 minutes)
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Human Activities: [ will explain how human activities, such as burning fossil fuels (coal, oil,
and natural gas) for energy, deforestation, and industrial processes, release greenhouse gases

Vinto the atmosphere.

Brainstorming: I will engage learners in brainstorming a list of specific human activities that
contribute to greenhouse gas emissions. Examples include driving cars, using electricity
generated from fossil fuels, and raising livestock.

Differentiated Worksheets: I will distribute worksheets with varying levels of complexity to
cater to different learning needs. The worksheets should include prompts for learners to
research, analyze, and write about specific human activities and their impact on climate

change.

Wrap-up (10 minutes)

1.

Consequences of Climate Change: I will facilitate a discussion about the potential
consequences of climate change, such as rising sea levels, more frequent and severe
heatwaves, changes in precipitation patterns, and impacts on ecosystems and biodiversity.
Climate Action: I will facilitate the discussions about climate change actions that individuals
and communities can take to mitigate climate change, such as reducing energy consumption,
using renewable energy sources, and supporting sustainable practices.

Exit Ticket: As an exit ticket, I have learners write a short reflection on what they learned
about climate change and global warming, including one action they can take to make a

difference.

Differentiation:

Advanced Learners: I will provide extension activities or research projects that delve deeper
into the science of climate change or explore specific impacts and solutions in more detail.
Struggling Learners: I will use simplified language, visual aids, and real-world examples to
explain key concepts. Provide additional support and scaffolding as needed.

Kinesthetic Learners: I will incorporate movement and hands-on activities, such as creating a

model of the greenhouse effect or role-playing different climate action scenarios.

Assessment:

Formative Assessment: I will observe learners' participation in discussions and activities
throughout the lesson. Review their responses on the exit ticket to gauge their understanding

of key concepts.

Summative Assessment: [ will evaluate learners' completed worksheets to assess their comprehension

of climate change causes, impacts, and potential solutions. Provide feedback to help them deepen

their understanding and improve their critical thinking skills.
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Worksheet 1: Remembering (Level 1)
Title: Climate Change and Global Warming - What Do You Know?
Instructions: Fill in the blanks or circle the best answer.
1. Weather is the: (a) short-term condition of the atmosphere (b) long-term pattern of weather in
an area
2. Climate change refers to: (a) small changes in weather (b) long-term shifts in weather patterns
3. The greenhouse effect is like a: (a) blanket trapping heat (b) shield protecting Earth from the
sun
4. What gas helps keep Earth warm, like a blanket? (a) Oxygen (b) Carbon dioxide
Matching:
Match the term on the left with its definition on the right.
e Global warming () The gradual increase in Earth's average temperature
e Greenhouse effect () Natural warming process of Earth's atmosphere
Worksheet 2: Understanding (Level 2)
Title: The Greenhouse Effect and Global Warming
Instructions: Answer the following questions in short sentences.
1. Explain the greenhouse effect in your own words.
2. How do greenhouse gases contribute to global warming?
3. Give two examples of human activities that release greenhouse gases.
4. Look at the picture below (replace with a simple drawing of a factory or car). How might this
activity contribute to global warming?
Worksheet 3: Applying (Level 3)
Title: Acting on Climate Change
Instructions:
1. List three ways we can reduce our reliance on fossil fuels.
2. Imagine you are creating a poster to raise awareness about climate change. What message
would you share and why?
3. What two actions you can take at home or school to help address climate change.
Bonus: Research a specific effect of climate change (melting glaciers, rising sea levels, etc.) Write a

short paragraph explaining the issue and how it might be addressed.

7 Lesson transcripts

LESSON 1 TRANSCRIPTION
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Teacher: Good morning learners?

Learners: Good morning sir.

Teacher: How are you?

Learners: We are fine thanks and how are you?

Teacher: Today I am going to learn how to teach Climate change, its me who is learning today on

how to teach climate change as you can see there.

I am learning to teach climate change to grade six learners.

Teacher: Lesson 1 is going to be about Global warming. Can you see it?
Learners: Yes sir.

Teacher: I want to check whether you remember what is weather? Anyone to tell me what weather

is?

Learner: The condition of the day.

Teacher: Is there anyone who can tell me what radiation is? Anyone who can tell me.
Learner: The transfer of heat through gases .

Teacher: Correct. The transfer of heat through gases. What is convection? Anyone?
Learner: Heat transfer through liquid.

Teacher: What is conduction?

Leaner: Heat or energy transfer through solid.

Teacher: What are fossil fuels? Can you give me example?

Leaner: Coal, gas, oil.

Teacher: All fossil fuels contains carbon. When we burn any fuel with carbon, carbondioxide is

produced.

Teacher: We also learnt about non-renewable and renewable source of energy. Can someone tell me

what are non-renewable source of energy?

Learner: Energy that you can use one time.
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Teacher: Yes correct. Kabelo can you put it in much better?

Learner: Energy that comes from a source that eventually can be used up and cannot be replaced.
Teacher: Good! What are renewable source of energy?

Leaner: Energy from source that can be replaced.

Teacher: Example?

Learner: Solar, wind,

Teacher: We also have hydro although here in South Africa water is scarcy. We have some in KZN.

Today we will be talking/ learning about the green house. It’s almost like a shade net in our garden.
The shade net when we plant vegetables. Do you remember when we planted vegetables last week?
Those which we covered did not die and those we didn’t cover they died because of the harsh weather

conditions [frost].
Greenhouse enhances farmers to grow crops through the year.
In winter if we plant crops they die. The farmers build greenhouse made of glass.

The heat from the sun penetrates into the house and that heat is trapped there. I have something here[

] the plastic in thin model resamples the atmosphere up there.
The greenhouse effect makes life sustainable on earth.

Then in the earth and there is sun heat coming down to the earth. When the heat gets into the

greenhouse some of it is trapped making the temperature of the greenhouse to increase.

The layer you see [ point to the atmosphere] is a layer of gases. If that layer could not exist the earth
could be very cold to live on. The layer of the gases enhance the earth to be habitable. The greenhouse
gases are carbon dioxide, methane and water vapour. The importance of the greenhouse gases is to
keep the earth warm. The percentage of carbon dioxide is 0,04%. The

0,04% is enhance the earth to keep warm naturally.

The human activities like drive our economy, generate electricity. You still remember from our

previous lessons that the coal is used to generate electricity by burning it.

These activities emit a lot of carbon dioxide into the atmosphere and it piled and warm the earth .

The pilling up forces the increase of temperature to rise and that is called global warming.

What is the greenhouse effect?
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Earth is a pleasant place to live by all animals.

The shine into the greenhouse and make it warm. The earth is the same but not made of glass by the
layer of gases in the atmosphere, The heat is trapped by some of this gases in the atmosphere and

causes it to warm. Some of these gases are carbon dioxide, water vapour and methane.

Earth needs the same amount of greenhouse gases to maintain the ideal temperature for life. Some
human activities are changing the natural greenhouse gases like burning fossil fuels like coal, oil and

these emit a lot of extra carbon dioxide into the atmosphere making it to make it more warm.

That picture is showing us a factory where they are made. Carbon is burnt and emmitted into the air.
What you see there is smoke not carbon dioxide. The carbon dioxide is within the smoke, we cant see

it because its invisible

Lesson 2 transaction

transcription of Lesson 2, focusing on the carbon dioxide and heat experiment:

Teacher: Alright everyone, welcome back. Today, we're diving deeper into the greenhouse effect and
how carbon dioxide plays a crucial role. Remember last lesson, we talked about how certain gases
trap heat in the atmosphere, and CO2 is a big one. Today, we're going to see that in action with a

simple experiment.

(Teacher gestures towards two identical clear containers. One is labeled "Control," the other "CO2."

Materials include vinegar, baking soda, thermometers, and heat lamps.)

Teacher: We have two containers here. The "Control" container will just have air inside. The "CO2"
container... well, that's where we'll be making some carbon dioxide. To do this, we'll use a classic

reaction: baking soda and vinegar.

(Teacher demonstrates adding a small amount of baking soda to the "CO2" container, followed by

vinegar. Bubbles form, indicating the production of CO2.)

Teacher: See those bubbles? That's carbon dioxide being released. We'll seal both containers, making

sure they're airtight. Now, we'll place a thermometer inside each one. And then...
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(Teacher turns on two identical heat lamps, positioned equally over each container.)

Teacher: We'll expose both containers to the same amount of heat. We'll record the temperature in

each container every few minutes. What do you think will happen?
(Teacher writes "Hypothesis" on the whiteboard.)

Teacher: Before we start, let's discuss in your groups. What do you predict will happen to the

temperature in each container? Why? Take five minutes to talk about it.

(Students break into small groups, discussing their hypotheses. Sounds of discussion fill the room.)
Student 1: I think the container with the CO2 will get hotter.

Student 2: Yeah, because CO2 traps heat, right?

Student 3: But how much hotter? Will it be a big difference?

Student 4: Maybe the control will heat up a little too just from the lamp?

(Teacher circulates, listening to the discussions.)

Teacher: Okay, time's up. Let's hear some of your hypotheses. Group 1, what did you come up with?

Group 1 Spokesperson: We think the container with the CO2 will get hotter faster and reach a higher

temperature than the control container.

Teacher: Interesting. And why do you think that?

Group 1 Spokesperson: Because we know CO2 traps heat, and we're adding heat with the lamp.
Teacher: Good. Group 2?

Group 2 Spokesperson: We think both containers will heat up, but the CO2 container will heat up

more slowly, but eventually will have a higher temperature.

Teacher: Okay, interesting prediction. Let's start the experiment and see what happens. I'll record the

temperatures on the board.

(Teacher records temperatures from both containers every two minutes on the whiteboard. The CO2

container's temperature rises noticeably faster.)
Teacher: Okay, look at the data. What do you notice?
(Students observe the data on the board.)

Student 5: The CO2 container is definitely heating up faster!
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Student 6: And it's already a few degrees hotter than the control.
Teacher: Exactly. So, what does this tell us?

Teacher: Let's discuss in your groups again. How does this experiment relate to the greenhouse effect

and climate change? What are the implications of this experiment for our planet?

(Students discuss in their groups again.)

Student 7: This shows that even a little bit of CO2 can trap a lot of heat.

Student 8: And on Earth, we have way more CO2 than just this little bit.

Student 9: So, if we keep adding CO2 to the atmosphere, the planet will keep getting hotter.

Teacher: Precisely. This simple experiment demonstrates the powerful effect of carbon dioxide on
temperature. It's a key factor in understanding the greenhouse effect and the reality of climate change.

The CO2 acts like a blanket, trapping the heat from the lamp.

Teacher: For your homework, I want you to write a short paragraph explaining the results of this
experiment and how it relates to the real world. Also, think about ways we can reduce carbon dioxide

emissions. We’ll discuss those ideas next time.

Lesson 3

transcription for Lesson 3, focusing on the ice tray experiment demonstrating sea-level rise:

Teacher: Welcome back, everyone. Today, we're shifting our focus from temperature to another
critical consequence of climate change: rising sea levels. We're going to use a simple model to see

how melting ice can affect coastal areas.

(Teacher displays a large, shallow plastic tray. One half of the tray has a raised platform representing
"land," with small toy houses and miniature trees positioned on it. The other half represents "ocean,"

initially filled with water and ice cubes. The teacher also has a marker, ruler, and a heat lamp.)

Teacher: This tray represents a coastal region. We have our “land” here, with our little houses and
trees, and our “ocean” here, with ice representing the polar ice caps and glaciers. What do you think

will happen when the ice melts?

(Teacher writes "Hypothesis" on the whiteboard.)
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Teacher: Before we start, let's discuss in your groups. What do you predict will happen to the water
level as the ice melts? And how might this affect the land and the ecosystem? Take a few minutes to

talk about it.

(Students break into small groups and discuss.)

Student 1: I think the water level will rise.

Student 2: Yeah, because the ice will turn into water.

Student 3: But will it rise a lot?

Student 4: What about the houses and trees? Will they get wet?

(Teacher circulates, listening to the discussions.)

Teacher: Okay, let's hear some of your predictions. Group 1, what did you come up with?

Group 1 Spokesperson: We think the water level will rise, and it might flood some of the land,

especially the lower-lying areas.
Teacher: Good. And why do you think that?

Group 1 Spokesperson: Because the ice is taking up space, and when it melts, it will add to the volume

of the water.
Teacher: Excellent. Group 27

Group 2 Spokesperson: We think the water level will rise, and the houses closest to the water might

get flooded. We also think the trees near the edge of the water will be affected.

Teacher: Interesting. Let's start the experiment and see what happens. I'll use this marker and ruler to
mark the initial water level. Then, we'll apply some heat with this lamp to simulate the warming

climate.

(Teacher marks the initial water level on the tray and turns on the heat lamp, positioning it over the

ice.)
Teacher: We'll observe the water level every few minutes as the ice melts.

(Teacher and students observe the melting ice and the rising water level. The teacher periodically

marks the new water levels on the tray.)
Teacher: Okay, look at what’s happening. What do you notice?

(Students observe the rising water level and its encroachment onto the land.)
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Student 5: The water is definitely rising!
Student 6: The houses closest to the water are getting wet!
Student 7: And the water is reaching the base of those trees.

Teacher: Exactly. The melting ice is adding to the volume of the water, causing it to rise. What does

this tell us about sea-level rise in the real world?
(Teacher writes "Discussion" on the whiteboard.)

Teacher: Let's discuss in your groups again. How does this experiment relate to the real world? What

are the implications of rising sea levels for coastal ecosystems and human communities?
(Students discuss in their groups.)

Student 8: This shows that as glaciers and ice caps melt, sea levels will rise.

Student 9: And that could flood coastal cities and towns.

Student 10: It could also destroy habitats for animals and plants that live near the coast.

Teacher: Precisely. Rising sea levels pose a significant threat to coastal ecosystems and human
communities. Many coastal areas are densely populated and vulnerable to flooding. This experiment

gives us a visual representation of what can happen as the planet warms and ice melts.

Teacher: For your homework, I want you to research a coastal city or ecosystem that is particularly
vulnerable to sea-level rise. Write a short report explaining the challenges it faces and potential
solutions. We’ll discuss those reports next time. Also, think about what actions we can take to limit

sea level rise.
(Teacher points to the tray, now showing the flooded "land" area.)

Teacher: Remember, this is just a simplified model. The real world is much more complex, but the
basic principle is the same: melting ice leads to rising sea levels, with significant consequences for

our planet.

Lesson 4
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transcription for Lesson 4, focusing on a visit to the school's permaculture garden and tree planting:

Teacher: Alright everyone, today we're taking our learning outside! We're going to visit our school's
permaculture garden and then participate in a tree-planting activity. This will help us understand how

we can adapt to climate change and mitigate its effects.

(The class moves to the school's permaculture garden. The garden is visibly diverse, with various

plants, raised beds, and possibly a composting area.)

Teacher: Welcome to our permaculture garden. Permaculture is a design system that mimics natural
ecosystems. It's all about creating sustainable and resilient environments. Let’s take a look around.

What do you notice?

(Students observe the garden.)

Student 1: There are so many different plants!
Student 2: And they're all growing together.
Student 3: What’s that big pile of stuff over there?

Teacher: That's our compost pile. We use it to turn food scraps and yard waste into nutrient-rich soil.

Permaculture emphasizes using resources efficiently and minimizing waste.
(Teacher leads the students around the garden, pointing out different features.)

Teacher: Notice how we have raised beds? These help with drainage and soil health, which are
important for adapting to changes in rainfall patterns. We also have a variety of plants, which

increases biodiversity and makes the garden more resilient to pests and diseases.
Teacher: How do you think a garden like this can help us adapt to climate change?
(Students discuss in their groups.)

Student 4: Well, having healthy soil helps plants survive droughts.

Student 5: And if we grow our own food, we're less reliant on long-distance transportation, which

reduces emissions.
Student 6: And the plants absorb carbon dioxide!

Teacher: Excellent points. Permaculture gardens are a great example of climate adaptation. They help
us create more resilient food systems and reduce our environmental footprint. Now, let’s move on to

our tree-planting activity.
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(The class moves to an area designated for tree planting. The teacher has seedlings, shovels, and

watering cans.)

Teacher: Today, we're going to plant some trees. Trees play a crucial role in climate change

mitigation. How do you think they help?

(Students discuss.)

Student 7: They absorb carbon dioxide from the atmosphere!

Student 8: And they provide shade, which helps cool the environment.
Student 9: And their roots help prevent soil erosion.

Teacher: Exactly. Trees are natural carbon sinks, meaning they absorb and store carbon dioxide. They
also help regulate local temperatures and prevent soil erosion. Now, let's get planting! I’ll show you

how.

(Teacher demonstrates how to plant a seedling, emphasizing the importance of proper spacing and

watering.)

Teacher: Each group will plant a seedling. Remember to be gentle with the roots and water them

thoroughly.
(Students work in groups to plant the seedlings.)

Teacher: While you’re planting, think about the long-term impact of these trees. How will they benefit

our school and our community in the future?
(Students plant the trees and discuss.)

Teacher: Alright, everyone, we’ve planted all the seedlings! We'll need to water them regularly to

ensure they grow strong and healthy.

Teacher: For your homework, I want you to research the benefits of planting trees in your local area.
Write a short report on how trees help mitigate climate change and improve the environment. Also

research what types of trees are best suited for our climate and explain why.
(Teacher gestures towards the planted trees and permaculture garden.)

Teacher: Today, we’ve seen how permaculture gardens and tree planting are practical ways to adapt
to and mitigate climate change. By creating sustainable ecosystems and planting trees, we can make

a positive impact on our environment. Remember, every little bit helps!
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8 journal entries

Journal entries
Conversation between Chris, Stacy, and my supervisor about breaking down the climate change topic:

Supervisor: Chris, Stacy, I wanted to discuss your lesson plan for the climate change unit. I've

reviewed your outline, Chris, and Stacy, I've heard your concerns.

Chris: Thanks for taking the time to meet with us. I've broken the topic down into four lessons: causes,

a lab experiment, impacts, and solutions.

Stacy: I suggested to Chris that we start with the impacts of climate change. The learners are seeing
these impacts in their daily lives, like extreme weather events, and it would immediately grab their

attention.

Chris: I understand Stacy's point, but I felt it was more logical to start with the causes. If they

understand why climate change is happening, they'll better understand the impacts.

Supervisor: I understand both of your perspectives. Chris, I agree with your logic in starting with the
causes. However, I also see the value in Stacy's suggestion of making it immediately relevant to the

learners.
Stacy: Exactly!

Supervisor: So, here's what I propose. Chris, you're right to start with the causes, but let's be even
more specific. Instead of just jumping into "causes of global warming," let's start with the greenhouse

effect.
Chris: The greenhouse effect?

Supervisor: Yes. It's the fundamental mechanism driving global warming, and therefore, climate
change. By starting with a clear explanation of the greenhouse effect, you'll lay a strong foundation

for understanding the rest of the unit.
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Chris: That makes sense. It's a more focused starting point.

Supervisor: Precisely. Then, you can move on to the lab experiment, which will reinforce the concept

of greenhouse gases.

Stacy: And then the impacts, which will show how the greenhouse effect leads to real-world

consequences.
Supervisor: Exactly. And finally, the solutions, which will empower the students to take action.
Chris: So, the revised order would be: greenhouse effect, lab experiment, impacts, and solutions.

Supervisor: Yes. And Chris, make sure you emphasize the distinction between the natural greenhouse
effect, which is essential for life, and the enhanced greenhouse effect, which is causing climate

change.
Chris: Got it. I'll make that clear.

Stacy: I see your point. Starting with the greenhouse effect does provide a solid scientific basis for

the rest of the lessons.

Supervisor: Exactly. And Stacy, I appreciate your concern for making the topic relevant to the
learners. We'll achieve that through the impacts lesson and the solutions lesson, which will show them

how climate change affects their lives and what they can do about it.
Chris: Thank you both. This revised plan makes a lot of sense.

Supervisor: Excellent. I think this approach will be both engaging and informative for the students.

Remember to use visual aids and hands-on activities to make the concepts more accessible.
Chris: I will. Thanks for your guidance.
Stacy: Thank you, this has been very helpful.

Supervisor: You’re welcome. Let's make sure our students understand the importance of this topic

and how they can be part of the solution.

Conversation between me and Stacy, my critical friend, about my lesson plan:
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Chris: Hey Stacy, I'm really excited about my lesson on the causes of global warming for my grade
six class. I've found this great animated video explaining the greenhouse effect, and I think it'll really

capture their attention.
Stacy: That sounds good! Animation is definitely a good way to engage them. Can I see the video?
(I show Stacy the video.)

Stacy: It's a clear explanation of the greenhouse effect. But you know, grade sixers can sometimes
struggle with abstract concepts. Just showing them the video might not be enough for them to fully

grasp it.

CHIS: Really? I thought the visuals would make it easy to understand. What do you suggest?
Stacy: How about incorporating an analogy? Something concrete they can relate to.

Chris: An analogy? Like what? I’m drawing a blank.

Stacy: Think about something they experience in their daily lives. For example, you could use a car

parked in the sun on a hot day.
Chris: A car? How would that work?

Stacy: Well, explain how the sun's rays enter the car through the windows. The seats and dashboard
absorb that heat, and it gets trapped inside. Just like greenhouse gases trap heat in the atmosphere.

The windows are like the atmosphere. You could even have a small car toy to demonstrate.

Chris: Oh, I see! So, the sun's rays are like the sunlight entering the atmosphere, and the car's interior

is like the Earth's surface. The windows are the greenhouse gases.

Stacy: Exactly! You could even add that when there are more cars (more greenhouse gases), it gets

even hotter inside. It makes the abstract concept more tangible.

Chris: That's brilliant, Stacy! I can even have them act it out. One student could be the sun, another

the car, and others the heat.

Stacy: That's a great idea! Kinesthetic learning is always effective. And after the analogy, the

animated video will make even more sense to them. They'll have a concrete example to connect it to.

Chris: You're right. I can also ask them to think about other examples of trapped heat, like a

greenhouse for plants. It'll help them make connections.

Stacy: Perfect! Just make sure to emphasize the difference between the natural greenhouse effect,

which is necessary for life, and the enhanced greenhouse effect caused by human activities.
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—_

Post lesson conversation
Post-lesson conversation between Chris (you) and Stacy:

Chris: Hey Stacy, thanks again for your advice on the global warming lesson. I used the car analogy,
and the kids seemed to really get it! The video also went down well, especially the visuals of factories

and cars.

Stacy: That's great to hear, Chris! I'm glad the analogy worked. Did you notice any difference in their

understanding compared to previous lessons on similar topics?

Chris: Definitely. They were much more engaged and seemed to grasp the concept of trapped heat.

But... there was one thing that bothered me.
Stacy: Oh? What was it?

Chris: They were all just... "Yes, sir. Yes, sir." the whole time. It felt like they were just agreeing

with everything I said, not really thinking critically.

Stacy: Ah, I see. That sounds like a common issue. It often comes down to the questioning techniques

used.

Chris: Like what? Give me some examples.

Stacy: Instead of "Do you understand how the car analogy relates to the greenhouse effect?" try "How
does the car analogy help us understand the greenhouse effect?" or "What are the similarities and

differences between the car and the Earth's atmosphere in this analogy?"
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Chris: I like that. I was so focused on getting through the material that I didn't give them enough

opportunities to really think and discuss.

Stacy: It's a common mistake, Chris. Lesson planning is important but the execution and how you
interact with the students is what truly matters. It's about facilitating their learning, not just delivering

information.

Chris: You're right. I'll definitely work on my questioning techniques for the next lesson. I need to

get them to explain things in their own words and think critically.

Stacy: You'll get there. And don't be afraid to pause and give them time to think. Silence can be a

powerful tool.
Chris: Thanks, Stacy. I really appreciate your feedback. I'm glad I talked to you about this.

Stacy: Anytime, Chris. We're all learning together. Let me know how the next lesson goes!

LESSON 2 PLANNING
Alright, here's a conversation between Chris and Stacy regarding your second lesson plan:

Chris: Hey Stacy, I've got my plan for the next global warming lesson. I'm going to do a lab

experiment with dry ice to demonstrate how carbon dioxide affects temperature.
Stacy: Dry ice? That sounds interesting. Tell me more.

Chris: I'll have two flasks. In one, I'll collect the carbon dioxide from the dry ice as it sublimates. In

the other, I'll have regular air. Then, we'll measure the temperature changes in both flasks over time.

Stacy: Okay, that's a good way to show the effect of CO2. But... are you sure dry ice is the best option

for grade six?
Chris: Why? What's the problem?

Stacy: Well, dry ice can be dangerous if not handled properly. It can cause frostbite, and it's also a
choking hazard if it sublimates too quickly in a confined space. Plus, you have to be careful about

ventilation.

Chris: I hadn't thought about all those safety concerns. I was just focused on the science.
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Stacy: I get it. But with grade six, safety is paramount. Have you considered using a safer, more

accessible method for generating CO2?
Chris: Like what?

Stacy: How about using vinegar and baking soda? It's a classic chemical reaction that produces carbon

dioxide.
Chris: Vinegar and baking soda? Really? I thought that was just for making volcanoes.

Stacy: It's a great way to demonstrate a chemical reaction that creates CO2 in a safe and controlled
environment. Plus, the students are likely familiar with both vinegar and baking soda from cooking

or other household uses.

Chris: That's true. And it's definitely safer. We could do the same experiment with the flasks, just

using the CO2 from the vinegar and baking soda reaction.

Stacy: Exactly! You could even add a fun twist by asking them to predict which flask will experience

a greater temperature change before you start the experiment.

Chris: That's a good idea! It'll get them thinking about the properties of CO2. And it's much easier to
get vinegar and baking soda than dry ice.

Stacy: And because they are used in culinary applications, you can really bring in the real world

application of chemical reactions. It makes the science more tangible.

Chris: You're right. I was so focused on the “wow” factor of dry ice that I overlooked the safety and

accessibility aspects. Thanks, Stacy. You've saved me from a potentially risky situation.

Stacy: No problem, Chris. It's always good to consider all the angles before doing a lab experiment,

especially with younger students.

Chris: I'll revise my lesson plan to use vinegar and baking soda. I think it'll be a much more engaging

and safe experience for the students.

Stacy: Perfect! Let me know if you need any help setting it up. I’d be happy to help.

Post lesson 2 conversation
Post-lesson conversation between Chris and Stacy after your second lesson:

Chris: Stacy, the vinegar and baking soda experiment worked well in principle, but I ran into a bit of

a snag with the heat source.
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Stacy: Oh no, what happened?

Chris: I used boiling water to heat the flasks, thinking it would be a quick and effective way to show

the temperature difference. But the steam... it was everywhere!
Stacy: Steam? That sounds problematic.

Chris: It was! It made it really hard for the kids to see the thermometers and read the results accurately.

Plus, it was a bit chaotic with everyone trying to peek through the steam.
Stacy: I can imagine. So, the steam was obstructing their view and creating a bit of a safety concern.

Chris: Exactly. And it was just generally messy. I was so focused on the chemical reaction that I didn't

think about the practicalities of heating the flasks.

Stacy: It’s easy to get caught up in the details of the experiment itself. Have you considered using a

more consistent and predictable heat source?

Chris: Like what? I needed something that would provide a noticeable temperature difference.
Stacy: How about using the sun? You could set up the flasks outside on a sunny day.

Chris: Outside? That’s interesting. I hadn't thought of that.

Stacy: It's a natural and readily available heat source. You could place the flasks in direct sunlight

and have the kids take turns reading the thermometers at regular intervals.

Chris: That would definitely eliminate the steam issue. And it would be a more realistic demonstration

of how the sun's energy affects temperature.

Stacy: Exactly. You could even discuss how the sun's energy is a major factor in global warming.

And by taking turns, each child gets a chance to participate directly, which is more equitable.

Chris: And it would be a good opportunity to talk about the importance of consistent data collection

and accurate readings.

Stacy: Precisely. You could also have them record their observations in a table or graph, which would

reinforce their data analysis skills.

Chris: That's a great idea! I can see how using the sun would be much more effective and engaging
than boiling water. And safer. I was so worried about safety with the dry ice, I didn’t think about the

danger of boiling water.

Stacy: It happens. We all get focused on one part and miss another. By using the sun, you are making

the lesson more applicable to real world scenarios.
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Chris: You're right. I'll definitely try that next time. Thanks, Stacy. You always have such practical

and insightful suggestions.
Stacy: No problem, Chris. I'm glad I could help. Let me know how it goes next time!

Lesson 3 planning

Conversation between Chris and Stacy about your lesson plan on the impact of climate change:

Chris: Hey Stacy, for my third lesson on climate change, I wanted to focus on its impact, specifically
in South Africa. I was planning to use the KZN floods as a case study, showing videos and pictures

of the devastation.

Stacy: The KZN floods were certainly a powerful example of climate change impact. But are you

sure that’s the best approach for grade six?
Chris: What do you mean? It’s a real and recent event, so I thought it would be relatable.

Stacy: It is relatable, but it’s also very traumatic. Showing graphic images and videos of such a
devastating event could be emotionally disturbing for the learners. Some may have family or friends

affected, or they might be worried about similar events happening in their own communities.
Chris: Oh, I hadn't considered that. I was just thinking about the educational aspect.

Stacy: I understand, but we need to be mindful of the emotional well-being of our students. How
about instead of focusing solely on a specific event, you demonstrate a more general impact of climate

change, like rising sea levels?
Chris: Rising sea levels? How would I demonstrate that?

Stacy: You could use a simple ice tray experiment. Fill an ice tray with water and place small objects,
representing buildings or land features, along the edges. Then, as the ice melts, the water level will

rise, demonstrating how melting ice caps and glaciers contribute to rising sea levels.
Chris: That’s a good idea! It's a visual and hands-on way to show the impact.

Stacy: Exactly. And to make it even more relevant, you could add paper cut-outs around the tray to
represent coastal ecosystems, like mangroves or beaches. This would help the learners understand

how rising sea levels affect these delicate environments.

Chris: That would be great! I can have them observe how the rising water affects the paper cut-outs,

showing how coastal habitats are threatened.
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Stacy: You could even ask them to discuss the potential consequences of rising sea levels, such as

flooding, erosion, and displacement of communities.

Chris: That's a much better approach than just showing them disturbing images. It's still educational,

but it's also more sensitive and engaging.

Stacy: Precisely. And by focusing on a general impact like rising sea levels, you’re not focusing on

one specific tragedy. You are giving them a general understanding of the impacts of climate change.

Chris: I'm glad you pointed that out, Stacy. I was so focused on making it relevant that I didn’t think

about the emotional impact.

Stacy: It’s a common oversight. We often forget that our students are not just empty vessels to be

filled with information. They are also people with feelings and experiences.

Chris: You're right. I’ll revise my lesson plan and use the ice tray experiment. Thanks for your

guidance, Stacy.

Stacy: You’re welcome, Chris. Remember, it’s about finding a balance between education and

empathy.

Post conversation lesson 3

Post-lesson conversation between Chris and Stacy about your third lesson:
Chris: Stacy, the ice tray experiment was a huge success! The kids were so engaged.
Stacy: That's fantastic, Chris! I'm so glad it went well. How did they react to the experiment?

Chris: They were really fascinated by the rising water level and how it affected the paper cut-outs.
They were asking lots of questions about where the water was coming from and what would happen

if the ice kept melting.

Stacy: That's great! It sounds like they were making connections between the experiment and real-

world scenarios.

Chris: Exactly! We had a really good discussion about melting glaciers and ice caps, and how that
contributes to rising sea levels. They were also really concerned about the impact on coastal

ecosystems.
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Stacy: That's wonderful to hear. It sounds like they grasped the concept well and were able to think

critically about the consequences.

Chris: They did! And it was so much better than just showing them videos of the KZN floods. It was

more interactive and less emotionally distressing.

Stacy: I'm glad you found it to be a more effective approach. It's important to be mindful of the

emotional impact on students, especially when dealing with sensitive topics like climate change.

Chris: You were absolutely right. The experiment allowed them to experience the concept firsthand,

which made it more memorable and meaningful.

Stacy: And by using the paper cut-outs, you were able to connect the rising sea levels to the impact

on coastal ecosystems, which is a crucial aspect of climate change.

Chris: Yes, and they really understood the importance of protecting those ecosystems. We even talked

about ways they could help, like reducing their carbon footprint and conserving water.
Stacy: That's fantastic! It sounds like you had a really productive and engaging lesson.

Chris: I did! And it was all thanks to your advice. I was so focused on using a dramatic example that

I overlooked the emotional impact and the power of a simple, hands-on experiment.

Stacy: We all learn from our experiences, Chris. The important thing is that you're reflecting on your

lessons and finding ways to improve.

Chris: 1 really appreciate your support, Stacy. You've helped me become a better teacher.

Stacy: You're already a great teacher, Chris. You just needed a little nudge in the right direction.
Chris: Well, thank you. I'm really happy with how the lesson turned out.

Stacy: Me too! Keep up the great work.

Lesson 4 planning
Okay, here's a conversation between Chris and Stacy about your lesson plan for lesson 4:

Chris: Hey Stacy, for lesson four, I want to focus on solutions to climate change. I'm thinking of

teaching about adaptation and mitigation.

Stacy: That sounds like a great way to wrap up the topic. What kind of activities do you have planned?
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Chris: For adaptation, I was thinking of taking the kids to the school's permaculture garden. We can

discuss how it helps the school adapt to climate change by growing food locally and sustainably.
Stacy: That's a good idea. It's a concrete example of adaptation in action.

Chris: And for mitigation, I was planning to have the class plant trees around the school grounds. We

can talk about how trees absorb carbon dioxide and help reduce greenhouse gases.

Stacy: That's a fantastic idea! Planting trees is a tangible way for the students to contribute to climate

change mitigation.
Chris: I thought so too. It's hands-on and it gives them a sense of agency.

Stacy: It’s great that you’re showing them both sides of the coin, adaptation and mitigation. One thing

to consider, with the permaculture garden, is to really connect it to the bigger climate picture.
Chris: How do you mean?

Stacy: Make sure you’re explaining how local food production reduces the need for long-distance
transportation, which reduces carbon emissions. Also, discuss how diverse planting, like in a

permaculture garden, increases resilience to changing weather patterns.

Chris: Ah, that’s a great point. I’ll make sure to emphasize those connections. I can even have them

research the benefits of specific plants in the garden.

Stacy: Perfect. And with the tree planting, you could add a component where they learn about

different tree species and their carbon sequestration rates.

Chris: That’s a good idea. We can even have them measure the trees' growth over time and calculate

their carbon absorption.

Stacy: That would be a fantastic long-term project! It would help them see the impact of their actions

over time.

Chris: I like that. And I can also ask them to think about other ways they can adapt to and mitigate

climate change in their daily lives.

Stacy: Exactly! It's about empowering them to be part of the solution. You could even have them

create posters or presentations about their ideas.

Chris: That's a great way to encourage them to share their knowledge with others. Thanks, Stacy.

You've helped me refine my plan and make it even more engaging.
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Stacy: You’re welcome, Chris. I think this lesson will be really impactful. It's important to give

students hope and show them that they can make a difference.

Chris: I agree. I want them to leave the class feeling empowered and motivated to take action.
Stacy: And by focusing on practical solutions, you’re giving them the tools they need to do just that.
Chris: Thanks again, Stacy. I’m really looking forward to this lesson.

Stacy: You’re going to do great!

Lesson 4 post conversation
Conversation between Chris and Stacy after your extended lesson 4:

Chris: Stacy, I'm so relieved the lesson went well, but I'm also a little stressed. It ended up taking two

hours instead of one!
Stacy: Two hours? Wow! What happened?

Chris: Well, the permaculture garden visit was so engaging. The kids were asking so many questions,
and they were really interested in learning about all the different plants and how they contribute to

sustainability.
Stacy: That's great! It sounds like they were genuinely curious and invested.

Chris: They were! And then, when we started planting the trees, they were so excited to get involved.

We ended up spending way more time than I anticipated, but they were so enthusiastic.
Stacy: So, it wasn't a case of them being disruptive or off-task?

Chris: Not at all! They were completely focused and engaged the entire time. It was just... there was

so much to talk about and so much they wanted to do.

Stacy: That sounds like a good problem to have, Chris. It means they were genuinely interested in the

topic and the activities.

Chris: I know, but I still feel a little guilty about going over time. I didn't want to disrupt the other

classes.
Stacy: Did anyone complain?

Chris: No, not at all. The kids were so excited about taking part in the "climate change war," as they
put it.
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Stacy: "Climate change war"? That's fantastic! It sounds like they really connected with the message.

Chris: They did. It was amazing to see how passionate they were about making a difference. But I'm

still worried about the time.

Stacy: Chris, you can’t beat yourself up over this. Sometimes, lessons take on a life of their own,
especially when the students are engaged. It's better to have an engaging and extended lesson than a

rushed and superficial one.
Chris: I guess you're right. It was a really valuable experience for them.

Stacy: And for you! It shows that you're creating a learning environment where students feel

comfortable asking questions and exploring their interests.
Chris: I suppose I should focus on the positive aspects.

Stacy: Exactly! You could even reflect on what made the lesson so engaging and use that information

to plan future lessons.
Chris: That's a good idea. I can also try to build in some buffer time in my lesson plans, just in case.

Stacy: That’s a good strategy. And consider breaking larger lessons into two parts if needed,

forinstance, adaptation on its own and mitigation on its on.

Chris: Thanks, Stacy. You always know how to put things into perspective. I was so worried about

the time, but now I realize that the students' engagement was more important.

Stacy: You're welcome, Chris. Remember, flexibility is key in teaching. And it sounds like you

created a truly memorable learning experience for your students.
Chris: I think I did. And that’s what really matters.

Stacy: Exactly. So, relax and celebrate your success! You did a great job!
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Chris: Like what? Give me some examples.

Stacy: Instead of "Do you understand how the car analogy relates to the greenhouse effect?" try "How
does the car analogy help us understand the greenhouse effect?" or "What are the similarities and
differences between the car and the Earth's atmosphere in this analogy?"

r
i
1

Chris: | like that. | was so focused on getting through the material that | didn't give them enough
opportunities to really think and discuss.

Stacy: It's a common mistake, Chris. Lesson planning is important but the execution and how you

interact with the students is what truly matters. It's about facilitating their learning, not just delivering
information.

Chris: I'll have two flasks. In one, I'll collect the carbon dioxide from the dry ice as it sublimates. In the
other, I'll have regular air. Then, we'll measure the temperature changes in both flasks over time.

Stacy: Okay, that's a good way to show the effect of CO2. But... are you sure dry ice is the best option for
grade six?

Chris: Why? What's the problem?

Stacy: Well, dry ice can be dangerous if not handled properly. It can cause frostbite, and it's also a

ventilation.

Chris: | hadn't thought about all those safety concerns. | was just focused on the science.

9 learners data

Based on the experiment details:
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Substance A: Experiment without carbon dioxide

Substance B: Experiment with carbon dioxide



1. Initial Temperature: Both experiments start at a similar initial temperature (20°C), allowing
for a direct comparison of the temperature change due to the presence or absence of carbon
dioxide.

2. Temperature Rise:

o In Substance A (no CO:), the temperature rises gradually, reaching a maximum of
43°C at 100 seconds.

o In Substance B (with CO:), the temperature increases more significantly, peaking at
50°C at the same 100-second mark.

o Impact of CO2: The presence of carbon dioxide appears to increase the peak
temperature, suggesting that CO- either accelerates the reaction or retains more heat,
intensifying the overall temperature change.

3. Cooling Phase:

o After 100 seconds, both substances begin to cool down.

o Substance A cools at a more rapid pace than Substance B, which shows a more gradual
decline in temperature. This implies that CO. might be causing additional heat
retention, affecting the cooling dynamics.

4. Conclusion:

o The presence of carbon dioxide (Substance B) increases the reaction's peak
temperature and slows the cooling process, indicating that CO: influences both the
reaction’s thermal output and the retention of heat.

Now, let's illustrate these observations with graphs.
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Temperature vs. Time for Experiments withandavithout CO:
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Here is the complete analysis graph for the temperature changes over time:
e Peak Temperature:
o Substance A (No CO2) peaks at 43°C, while Substance B (With CO2) reaches a higher
peak of 50°C at 100 seconds.
o The annotations highlight these peaks, indicating that carbon dioxide elevates the
temperature more significantly.
e Cooling Rate: The graph shows that Substance B cools more slowly than Substance A,
suggesting a heat-retention effect due to CO.a.
This graphical representation supports the conclusion that carbon dioxide influences both the peak

temperature and the cooling dynamics, potentially by intensifying the reaction’s exothermic effects

and slowing heat dissipation.
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