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Abstract:

Background and Objective: Education through formal schooling is one of the most effective
strategies for reducing the CO: footprint and addressing global warming. By integrating
theoretical knowledge with real-life applications, Chemistry textbooks can serve as a platform
for conveying environmental concepts and climate change awareness. This study aimed to
analyze the content of chemistry textbooks in the new educational system and compare them
with those of the former system regarding their attention to to global warming and climate
change. Materials and Methods: A qualitative content analysis with a deductive approach
was employed. The research population included all chemistry textbooks from both the new
and old educational systems. A framework with four main codes was developed to categorize
and code the relevant concepts. Findings: The content of the new system’s textbooks
demonstrates considerably greater attention to global warming-related issues, particularly in
the categories of solutions and education/awareness. In contrast, the former system’s
textbooks show limited focus on the mentioned topics. Conclusion: The findings indicate that
the new educational system has incorporated more substantial attention to environmental
issues and global warming, embedding practical measures and educational content that can
enhance students’ awareness and attitudes. These content improvements represent a
significant step toward strengthening environmental education and fostering well-rounded
student development. Nevertheless, there remain opportunities to further enrich fundamental
concepts, raise awareness, and promote sustainable attitudes.
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Extended Abstract

Introduction

Global warming and climate change are among the most pressing challenges of the 21st century, demanding structural
changes across economic, technological, and educational systems (IPCC, 2021). One critical area for intervention is fostering
climate literacy through formal education. Chemistry, as a core science, offers a unique potential to connect theoretical
knowledge with real-world environmental applications. Chemistry textbooks can serve as effective platforms for teaching key
concepts such as environmental cycles, renewable energy, green chemistry, CO- capture, and sustainable technologies.

Research highlights that traditional chemistry education often neglects social, environmental, and ethical dimensions,
limiting its ability to prepare climate-literate citizens (Karpudewan et al., 2015). To address this, a shift toward education for
sustainable development and STEM-based approaches is essential. Textbook content should not merely convey abstract
theories but actively engage students with real-world issues like climate change, fostering critical thinking and responsible
behaviors.

In this context, Iranian chemistry textbooks have historically lacked systematic attention to environmental topics,
particularly the role of CO: in global warming. While science education holds the potential to address such issues, the absence
of structured integration has led to their marginalization.

This study aims to analyze and compare the content of chemistry textbooks of the new and old Iranian curricula, focusing
on topics related to CO:, global warming, and climate change. The findings offer insights into whether recent curricular reforms
have enhanced environmental education within chemistry and can inform future improvements to better align with the
sustainability needs of the 21st century.

Methodology

This study employed a qualitative content analysis with a deductive approach to examine high school chemistry textbooks
from both the old and new educational systems. The goal was to identify and categorize concepts related to global warming,
greenhouse gases, and carbon dioxide. The analysis included all high school chemistry textbooks: Grades 10—12 (2022-2024
editions) in the new system, and Chemistry 1-3 plus Pre-university Chemistry (2014-2017 editions) in the old system. All
textbook chapters were systematically reviewed, and relevant content was extracted. A coding framework with four main
categories including Causes, Consequences, Solutions, and Education and Awareness, guided the classification. To ensure
validity, two independent chemistry teachers performed the coding. Discrepancies were resolved through discussion, and high
inter-coder reliability was obtained (Cohen’s Kappa > 0.85).

Results and Discussion

A comparative analysis of high school chemistry textbooks of the old and new educational systems shows that the new
system demonstrates significantly greater emphasis on topics related to global warming and greenhouse gases. In the new
system, 6 out of 10 chapters (60%) address climate-related topics, whereas in the old system, only 7 out of 16 chapters (43.7%)
include such content. The total number of references to global warming and greenhouse gases also increased from 22 in the old
system to 28 in the new system. Furthermore, when normalized, the average number of related instances per chapter rose from
1.375 in the old system to 2.8 in the new system. Similarly, the average number of related instances per page increased from
0.047 to 0.076. These results clearly indicate progress in integrating climate-related content into the new curriculum. However,

further efforts are needed to enhance the depth, contextual relevance, and pedagogical impact of this material.
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For a more detailed analysis, the content of the chemistry textbooks was categorized into four main codes: causes,
consequences, solutions, and education and awareness. Table 2 presents the frequency of these categories across both systems.
Generally, the new system gives significantly greater attention to global warming topics (36 instances vs. 8 in the old system).
The solutions category is most prominent (14 instances), reflecting a focus on mitigation actions, followed by education and
awareness (10 instances), emphasizing the importance of building environmental understanding among students. In contrast,
the old system provides very limited coverage of these categories.

Table 1- Distribution of primary codes in chemistry textbooks under the new and old Systems

Primary Code Causes Consequences Solutions Education & Awareness
New 10" grade 3 6 5 5
curricula 11" grade 3 - 4
12 grade - - 5 4
Total 6 6 14 11
old 10" grade 5 6 6 5
curricula 11" grade ~ ~ i B
12" grade - - 1 1
Pre-university 1 - 3 1
Total 6 6 10 7
Conclusions

Based on the content analysis of chemistry textbooks of the old and new educational systems, notable differences emerge
regarding their treatment of environmental issues, particularly global warming. The analysis categorized the content into four
main codes: causes, consequences, solutions, and education/awareness. As shown in Table 1, the new system demonstrates
greater attention to global warming-related topics, with 37 instances compared to 29 in the old system—reflecting a shift toward
more environmentally conscious education.

In the new curriculum, the ‘solutions’ category is most prominent (14 instances), indicating a practical approach to
addressing climate change. The ‘education and awareness’ category (11 instances) also receives significant emphasis, fostering
environmental values and attitudes among students. ‘Causes and consequences’ are more systematically presented than the old
system, promoting a deeper understanding of global warming’s nature and impacts.

However, some gaps remain. The consequences of global warming receive less emphasis, which may limit students'
emotional engagement and understanding of the crisis's real-world effects. Similarly, the limited focus on causes suggests a
need for deeper exploration of the scientific mechanisms behind global warming.

Therefore, the new system marks clear progress in integrating environmental education and promoting responsible attitudes
toward climate change. Yet, further enhancements are needed to strengthen fundamental concepts, enrich understanding, and
foster sustainable mindsets among students.

Recommendations for Curriculum Planners, Educational Policymakers, and Textbook Authors

Given the urgency of addressing global warming and its potential threats to future generations, several recommendations
for curriculum planners, educational policymakers, and authors of high school chemistry textbooks are proposed. These
suggestions can be incorporated into various sections of textbooks, including the main text, margins, ‘Did You Know?’ sections,

websites, teacher guides, and virtual platforms such as the Ministry’s official website, specialized channels, and groups:
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Comprehensive Coverage Across All Chapters and Grades: Ensure that topics related to global warming,
environmental issues, and climate change are addressed consistently across all chapters and grade levels, fostering a
continuous learning experience.

Alignment with Global Standards: Incorporate best practices from international curricula to ensure that Iranian
students receive an education aligned with global environmental challenges and standards.

Clear Presentation of Potential Consequences: Clearly articulate the potential consequences of global warming and
rising temperatures, avoiding vague or overly general statements that may fail to engage students.

Highlight the Contribution of Each Gas to the Greenhouse Effect: Specify the role of each greenhouse gas (e.g.,
CO2, methane, nitrous oxide) in contributing to Earth’s greenhouse effect, providing a nuanced understanding of their
impacts.

Introduction of All Greenhouse Gases: Introduce all major greenhouse gases and explain why they have the ability
to absorb infrared radiation, enhancing students’ scientific literacy.

Update Graphs on CO: Concentration Trends: Update graphs showing recent trends in CO: concentrations and
introduce www.CO,.earth as an official and online reference for reporting its concentration in the textbook.

Include Warning Thresholds: Provide information on warning thresholds for global average temperature and
atmospheric CO: concentrations, emphasizing their significance in mitigating climate change.

Chemistry of Carbon Dioxide: Discuss the molecular structure of carbon dioxide, its stability, and its low reactivity,
linking these properties to its role in the atmosphere.

Potential Conversion of CO:: Highlight the possibility of converting CO: into useful organic compounds such as
methanol, formic acid, formaldehyde, etc., showcasing innovative solutions to reduce emissions.

Necessary Actions to Reduce CO: Emissions: Address actions needed to reduce CO- emissions, such as transitioning
to renewable energy sources and adopting sustainable practices.

Role of Students and Families: Emphasize the role of students and their families in reducing CO: emissions and
combating global warming, encouraging community-level engagement.

School-Based CO: Reduction Programs: Develop programs for students to reduce their school’s carbon footprint,
fostering hands-on learning and environmental stewardship.

Teacher Empowerment Programs: Conduct in-person or online training programs for chemistry teachers to enhance
their knowledge and ability to teach climate-related topics effectively.

Virtual Channels for Environmental Awareness: Create channels on platforms like SHAD to upload content and
videos addressing environmental challenges and global warming for students and teachers nationwide, promoting
widespread awareness.

Introduction of Specialized Websites: Recommend virtual platforms that provide up-to-date and specialized
information on global warming, its impacts, and related concerns, ensuring access to reliable resources.

Revision of Practical Chemistry Teaching Plans: The planning and teaching of practical chemistry courses in
secondary education should be revisited and updated.

Inclusion of Inquiry-Based Experiments: Provide experiments related to CO: reduction in the form of "Explore
and Discover" activities or include them in laboratory manuals so that students can practically experience reducing
their carbon footprint in everyday activities. Emphasis should also be placed on adhering to safety protocols during

these experiments.
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