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components of research conducted in the field of green chemistry education within the
theoretical framework of pedagogical content knowledge (PCK). The study population
consists of articles on green chemistry education published in reputable scientific journals.
Materials and Methods: By systematically reviewing the Noor specialized journals database,
the National Publications Database, the Jihad Daneshgahi Scientific Information Center, and
Google Scholar and removing duplicates, 30 articles published from 2004 to 2024 were
retrieved. The titles, abstracts, and keywords of these articles were entered into MaxQDA
software and analyzed after coding.

Findings: The results indicate that the first article related to green chemistry education was
published in 2004. After that, we have evidence of increasing waves in the number of green
chemistry education articles accepted by scientific journals, among which the journal titled
‘Research in Chemistry Education’ has the highest share. Among the chemistry subgroups,
RESEARCH ARTICLE the largest contribution is given to ‘electrochemistry, organic chemistry’ and ‘nanochemistry’.
How to Cite: Karimi Fardinpour, Y. (2026). From Among the twelve principles of green chemistry, the focus of the articles is on the sixth, the
past to future: a historical review of research in second, the first, and the seventh with 11, 7, 5, and 4 articles, respectively. Regarding the
green chemistry and the role of pedagogical seventeen sustainable development goals, the attention of the articles is on the fourth goal, the
content knowledge. Research in Chemistry eleventh, the seventh, the eighth, the third, and the sixth with 28, 13, 11, 7, 6, and 3 articles,
Education, 8(3), 46-70. respectively.

Conclusion: Based on the frequency analysis of codes, there is a hierarchy of importance of
codes that reflects the main dimensions and components of research in green chemistry
education.
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Extended Abstract

Introduction

We live in a world that faces numerous problems such as water, air, energy, and industrial pollution crises (Gunbatar et al.,
2025). In Iran’s upstream documents such as the five-year development plans and especially in Article (2) of the Sixth
Development Plan Law, reducing environmental pollution is a strategic goal. The goal of green chemistry is to reduce the
harmful effects of industrial chemistry on the environment (Sheldon & Brady, 2022). For example, the use of water or ethanol
instead of harmful organic solvents, the use of enzymes as catalysts (biocatalysis in biodiesel production), the production of
biodegradable plastics from corn starch instead of petroleum-based plastics (polylactic acid PLA derived from corn starch), the
design of chemical synthesis processes that minimize waste generation (such as the synthesis of pots), and energy efficiency
using microwave-assisted synthesis that can significantly reduce reaction times and energy consumption compared to
traditional heating methods are examples of the application of green chemistry.

Since about a quarter of a century ago, the green chemistry movement has been initiated with the twelve principles of
Anastas and Warner (1998), aligned with the environment (Ganesh et al., 2021), and the seventeen Sustainable Development
Goals of the United Nations (Carlsen & Bruggemann, 2022). Grieger et al. (2022) believe that there is a mismatch in the
teaching of the twelve principles of green chemistry and the seventeen sustainable development goals. Armstrong et al. (2024)
argued that there is an imbalance in the teaching of the principles of green chemistry and the sustainable development goals,
and some principles and goals are given unequal emphasis. Li and Eilks (2021) pointed out that green chemistry education is
mainly based on a laboratory and sustainability orientation, and controversial cultural and social issues have received less
attention. Gunbatar et al. (2025) also concluded, by systematically reviewing research conducted in the field of green chemistry
education within the framework of content education knowledge, that there are educational and research gaps in this field at
the international level.

Just as the systematic review of Gunbatar et al. (2025) has provided valuable information on green chemistry education
research at the international level, at the national level, we also need to review green chemistry education research to have a
perspective on research in green chemistry education in Iran. The research trend of green chemistry education in Iran was
examined. Is green chemistry education research in Iran based on sustainability or laboratory? Is there any inconsistency in
green chemistry education research in Iran? Have the principles and objectives been addressed in a balanced manner in these
researches? What are the main dimensions and components of green chemistry education in Iran? Which dimensions have
received more and which components have received less attention? For this purpose, in the following, first the research
background and then the theoretical framework are presented.

Methodology

The present study was conducted using a systematic review method. The screening process of selected articles was carried
out according to the five-step checklist and PRISMA guidelines of 1) identification, 2) screening, 3) retrieval, 4) eligibility,
and 5) review. In the first stage, the keywords ‘green chemistry education’ were searched in reputable databases including
Google Scholar, Jihad Daneshgahi Scientific Database, Comprehensive Humanities Portal, Noormags Specialized Journals
Database, and the National Publications Database. The number of sources found in Google Scholar (1070), Jihad Daneshgahi
Scientific Database (60133), Comprehensive Humanities Portal (3), Normags Specialized Journals Database (10000), and the
National Publications Database (243687). In the second stage, an advanced search for ‘green chemistry education’ in the title,

abstract, and keywords was conducted in only approved Persian scientific articles without specifying a time period in the
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National Publications Database. A total of 45 sources were found. The title of the article, publication date, and journal title for
these 45 articles were fed into Excel. In the third step, an advanced search was repeated for Google Scholar, the Academic
Jihad Database, the Comprehensive Humanities Portal, the Noormags Specialized Journals Database, and the National Journals
Database, and the results were compared with the Excel file. In the fourth step, duplicate articles, articles without full text,
conference papers, theses, and articles not related to green chemistry education were removed. In the fifth step, after a thorough
review of the abstracts, 30 articles were selected. Table (1) lists the codes of the selected articles, their publication years, article
titles, and journal titles.

Results and Discussion

To answer the research question, ‘What is the research trend in green chemistry education?’, it can be said that 30 articles
have been published in the field of green chemistry education between 2004 and 2024. Figure (1) shows the number of articles
published over time. This chart shows that research in green chemistry education began about two decades ago. In 2004, the
first Persian article titled ‘Educational and Research Perspectives on Green Chemistry’ was published in the prestigious
scientific journal ‘Environment’ published by the University of Tehran, which cooperates with the Iranian Society of Science,
Engineering, and Waste Management. After starting with one article in 2004, There is evidence of a recession from 2005 to
2012. This eight-year recession was broken in 2013 with the publication of the second article. However, in 2015, there is
evidence of the beginning of a four-year growth in the number of articles, which peaked in 2019 with five articles. In 2010,
There is evidence of a second wave of increase in the number of articles, peaking in 2012 with seven articles. In 2014, we
witnessed the third beginning of the increase in the number of articles. Therefore, in general, there has been an increase in the
number of articles published in the field of green chemistry education, and we hope that if scientific and reputable journals
support the acceptance and publication of green chemistry education articles, with the publication of these four articles in 2014,

we will witness the beginning of the third wave of increase in the number of articles.
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Fig. 1- Number of articles published over time and the first, second, and third waves in the increase in the number of articles in the
field of green chemistry education

It is useful for researchers in the field of green chemistry education to know which scientific and reputable journals support
the acceptance and publication of articles in this field. To answer the research question, ‘“Which journals have a greater
contribution to the publication of green chemistry education research?’ , the data analysis shows that the first place goes to the
journal ‘Research in Chemistry Education’ with 15 articles. The journals ‘Educational Innovations’, ‘Educational Technology’
and ‘Iranian Engineering Education’ are in the next rank. The rest of the journals have published only one article in the field

of green chemistry education. Figure (2) shows the number of articles published in each journal.
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Fig. 2- Number of articles in the field of green chemistry education by journal

To answer the question “Which trends and subgroups of chemistry play a more prominent role in articles in the field of green
chemistry education?’, the trends of chemistry were examined. The words ‘electro’, “nano” and “organic’ appear in 7 (23.3%)
, 5 (16.6%) and 3 (10%) articles, respectively. Therefore, among the trends and subgroups of chemistry, ‘electrochemistry’,
‘organic chemistry’ and ‘nanochemistry’ are mentioned.

In response to the question ‘What is the dominant orientation in green chemistry education research?’, many articles (n=17)
are dedicated to the sustainability model, which is a content-oriented approach, indicating that the main orientation of green
chemistry education articles is to integrate green chemistry with sustainable development. Six articles refer to the use of
laboratory work for green chemistry education, which is the traditional approach to chemistry education. However, 2 articles
have both orientations, in which practical laboratory work and content related to sustainable development are simultaneously
directed towards providing green chemistry education. The social model, which is related to the sociological approach to green
chemistry education and hot social and political debates, and the real model, which is related to the applied approach to green
chemistry education and the integration of green chemistry principles into the production process of an industrial institution,
did not receive any articles.

In the case of the Twelve Principles of Green Chemistry, the focus of the articles is on the sixth, second, first and seventh
principles with 11, 7, 5 and 4 articles, respectively. No article has emphasized all twelve principles of green chemistry. Only
one article has mentioned all four principles, first, second, sixth, and seventh. In the case of the seventeen Sustainable
Development Goals, the focus of the articles is on the fourth, eleventh, seventh, eighth, third, and sixth goals with 28, 13, 11,
7, 6, and 3 articles, respectively.

Conclusions

In response to the research question ‘Within the PCK framework, what are the dimensions and components of green
chemistry education research?’, statistical analysis of the code list based on their repetitions shows a hierarchy of importance
that potentially reflects the key dimensions and components in green chemistry education articles as follows.

1. The ‘Education’ dimension includes the components of teaching, learning, curriculum, and students, which indicates the
essential role of this dimension in green chemistry education articles.

2. The ‘Sustainability’ dimension includes the components of green, environment, pollution, waste, and renewable, which
indicates that green chemistry education articles intend to address environmental challenges.

3. The ‘Science and Technology’dimension includes the components of engineering, technology, and STEM, which

indicates the scientific and technical approach in green chemistry education articles.
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4. The ‘Application’ dimension includes the practical and experimental components, which indicates the articles” emphasis
on practical and applied learning of green chemistry in the real world.

5. The ‘Future’ dimension with the components of development and growth indicates the prospective perspective of green
chemistry education articles, which focuses on evolving educational practices and the needs of future societies from green
chemistry education.

6. The ‘Global’ dimension with the components of society, countries, and population indicates the articles’ attention to green
chemistry education on an international scale and broader than the national scale. In other words, the articles highlighted global
challenges and joint efforts of different communities from all over the world to elevate the importance of the topic from the
national to the international level.

7. The ‘Challenges’ dimension with the components of solutions, effectiveness and impact requires a critical examination
of the existing green chemistry education system and exploring solutions to overcome the barriers to its quality education.

Generally, these dimensions and components show that the green chemistry education articles prioritized education for
sustainable development and emphasized the integration of science and technology into its teaching methods to address the
importance of preparing students to address environmental challenges through applied and interdisciplinary approaches, taking

into account the global implications.
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