
AJCE, 2025, 15(1)                                                                                   ISSN 2227-5835                                                                                                                                               

147 

 

PROGRESSIVISM IN CHEMISTRY EDUCATION: EMPHASIZING 

STUDENT-CENTERED LEARNING AND REAL-WORLD RELEVANCE 
 

Tadesse Hagos 

Addis Ababa University, College of Education and Behavioral Studies, Department of 

Science and Mathematics Education 

Email: tadessehagos23@gmail.com 

 

 

ABSTRACT 

This review explores the application of progressivism in chemistry education, emphasizing 

how a student-centered approach can enhance learning outcomes and better align the subject with 

real-world contexts. Drawing on the foundational principles of progressive education, such as active 

learning, inquiry-based methods, and problem-solving, this review critically examines how these 

strategies can be integrated into chemistry teaching. It discusses the role of hands-on experiments, 

collaborative learning, and student autonomy in fostering a deeper understanding of chemistry 

concepts. Furthermore, the review highlights the importance of making chemistry relevant to 

students by linking the subject to real-world issues, such as environmental sustainability, health, and 

technological innovation. Through interdisciplinary connections, students can see the broader 

applications of chemistry, while developing critical skills necessary for solving complex problems. 

The review also delves into the theoretical underpinnings of constructivism and its impact on 

building long-term retention and conceptual understanding in chemistry education. However, 

challenges such as time constraints, resource limitations, and the need for effective teacher training 

are also discussed. Despite these barriers, the review argues that the ongoing adaptation of 

progressive pedagogies is essential for preparing students to meet the demands of modern scientific 

and technological careers. Overall, the review underscores the transformative potential of 

progressivism in fostering critical thinking, creativity, and a genuine appreciation for the relevance 

of chemistry in everyday life. [African Journal of Chemical Education—AJCE 15(1), January 2025] 
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1. INTRODUCTION 

Progressivism in education is an educational philosophy emphasizing active learning, inquiry, 

and a student-centered approach. Rooted in the ideas of John Dewey, progressivism advocates for 

an educational experience in which students actively engage with the content, allowing them to 

develop critical thinking, problem-solving, and decision-making skills [1]. This pedagogical 

approach positions students as active participants in their learning rather than passive recipients of 

information, encouraging them to explore, experiment, and reflect on their own experiences. The 

role of the teacher shifts from a lecturer to a facilitator, guiding students as they construct their 

understanding [2]. The curriculum is often designed to be flexible, accommodating the interests, 

needs, and abilities of students, which enhances motivation and makes learning more relevant to 

their everyday lives. 

Progressivism values learning that is hands-on, experiential, and oriented toward solving real-

world problems. As [3] explains, progressive education connects academic learning with practical, 

real-life issues, thus promoting deep learning and the ability to transfer knowledge to new situations. 

By focusing on inquiry, collaboration, and critical engagement with material, progressive education 

seeks to cultivate not just subject knowledge, but also the ability to think independently and to act 

responsibly in the world. In this model, students are encouraged to ask questions, explore solutions, 

and work collaboratively, making the process of learning as important as the content being learned.  

Chemistry, with its abstract concepts and often theoretical content, can present challenges to student 

engagement and comprehension. However, applying progressive pedagogical principles to 

chemistry education can help overcome these challenges. A progressive approach emphasizes hands-

on learning, inquiry-based investigation, and real-world applications of chemical principles, making 

the subject more engaging and accessible [4]. By incorporating experiments, collaborative projects, 
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and problem-solving tasks into chemistry instruction, educators foster deeper learning, allowing 

students to see chemistry as something relevant and connected to their daily lives [5]. For example, 

inquiry-based learning in chemistry might involve investigating chemical reactions that are directly 

tied to environmental issues, such as pollution and sustainability, providing students with 

opportunities to address real-world problems through their studies. 

Recent studies suggest that this type of active, student-centered learning significantly 

enhances students' understanding and retention of complex scientific concepts [6].Through guided 

discovery, students can develop a deeper understanding of chemistry’s core principles, which are 

often abstract, such as atomic structure, stoichiometry, and thermodynamics. Moreover, real-world 

connections to issues like energy production, climate change, and healthcare make chemistry 

education more meaningful and engaging, especially for students interested in sustainability or 

health sciences [7]. 

Furthermore, progressive chemistry education also helps foster critical thinking and 

scientific literacy, key skills for the 21st century. By encouraging students to hypothesize, 

experiment, and analyze data in collaborative settings, progressivism in chemistry promotes the 

development of analytical skills that are crucial for solving contemporary scientific problems [8].As 

[9]notes, science education must prepare students to think critically about complex issues, making 

progressive methods especially well-suited to the goals of chemistry education. 

This review aims to critically explore the role of progressivism in transforming chemistry education, 

focusing on the ways in which active learning strategies, real-world applications, and critical 

thinking can enhance the chemistry learning experience. By examining inquiry-based learning, 

collaborative problem-solving and real-world connections, this review will highlight how 

progressivism can make chemistry more relevant, engaging, and accessible to students. Furthermore, 
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it will discuss how progressive methods help develop key 21st-century skills, such as problem-

solving, collaboration, and scientific literacy. 

Additionally, this review will address the challenges of implementing progressive pedagogy 

in chemistry education. Despite the benefits, there are significant barriers, including limited 

resources, time constraints, and a need for more teacher professional development [10].By 

considering both the strengths and limitations of progressivism in chemistry education, this review 

will offer a comprehensive examination of how it can reshape chemistry teaching and improve 

learning outcomes, providing students not only with essential chemistry knowledge but also with the 

skills needed to address the challenges of the future. 

 

2. CORE PRINCIPLES OF PROGRESSIVISM IN CHEMISTRY EDUCATION 

The core principles of progressivism in education—active learning, problem-solving and 

inquiry-based learning, relevance to student needs and interests, and social context and real-world 

application—can have transformative impacts when applied to chemistry education. Chemistry, with 

its abstract concepts and rigorous theoretical content, can be challenging for students, but progressive 

education offers a way to make chemistry both accessible and meaningful. Below, I will relate each 

of the core principles to chemistry education, highlighting how they shape the teaching and learning 

of chemistry. 

2.1. Active Learning in Chemistry Education 

In traditional chemistry instruction, students often passively absorb content through lectures 

or textbook readings. However, progressive education emphasizes active learning, where students 

are directly involved in their learning process through hands-on activities, experiments, and 

collaborative learning experiences. In the context of chemistry, active learning could include 
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engaging students in laboratory experiments, simulations, interactive tutorials, and group problem-

solving exercises that require them to apply theoretical knowledge to real-world scenarios. 

Active learning in chemistry allows students to experience the scientific method in practice. 

For instance, rather than simply memorizing chemical equations, students might work in teams to 

design an experiment that demonstrates a chemical reaction. By collecting and analyzing data, they 

deepen their understanding of chemical principles and see firsthand how those principles apply to 

real-world phenomena. Studies have shown that active learning methods in chemistry education 

improve students’ understanding of conceptual knowledge and foster critical thinking skills [11]. 

An example of active learning in chemistry could be conducting titration experiments to 

understand acid-base reactions. In this experiment, students not only learn about the chemical 

reactions but also develop important laboratory skills, such as precision, data analysis, and 

hypothesis testing. This hands-on experience helps students internalize the theory behind the 

experiment, making the learning process much more effective than passive learning through lectures 

alone. 

2.2. Problem-Solving and Inquiry-Based Learning in Chemistry Education 

Progressivism emphasizes inquiry-based learning, where students are encouraged to ask 

questions, explore hypotheses, and solve problems. In chemistry education, this approach is 

especially important, as chemistry often involves complex problem-solving skills—whether it’s 

predicting the outcome of a chemical reaction, balancing chemical equations, or applying the 

principles of thermodynamics. In traditional chemistry teaching, students may be given ready-made 

problems to solve; however, in an inquiry-based chemistry classroom, they are encouraged to 

generate their own questions based on their observations or experiences. 
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For example, in a progressive chemistry classroom, students might be asked to design an 

experiment to investigate the rates of chemical reactions or to explore how the concentration of a 

reactant affects the speed of a reaction. This inquiry-based approach allows students to engage with 

the material actively, form hypotheses, and conduct experiments to test their ideas. The process of 

investigating a chemical phenomenon on their own not only reinforces the concepts but also 

enhances their scientific literacy and their ability to approach problems critically and creatively. 

Research has shown that inquiry-based learning can enhance students' conceptual 

understanding of chemistry, particularly in the areas of stoichiometry, chemical bonding, and 

thermodynamics [4]. This active engagement helps students develop a more holistic understanding 

of chemistry, as they move beyond rote memorization and instead learn how to apply knowledge to 

novel situations, much like professional scientists. 

2.3. Relevance to Student Needs and Interests in Chemistry Education 

One of the central tenets of progressive education is the importance of making learning 

relevant to the students' lives and interests. In the context of chemistry, this means connecting 

abstract chemical concepts to real-world issues that matter to students. By making chemistry 

relevant, students are more likely to be motivated and engaged, seeing the subject as meaningful 

rather than a collection of unrelated facts. 

For instance, a chemistry teacher might incorporate environmental chemistry topics, such as 

climate change, pollution, and sustainability, into lessons. By linking chemical concepts to 

contemporary global issues like carbon emissions and renewable energy, students are not only 

learning about chemical processes but are also engaging with pressing challenges that affect their 

communities and the planet. This relevance helps students understand that chemistry is not just 
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something studied in a classroom—it’s a vital science that can solve some of the world’s most urgent 

problems. 

In a progressive chemistry classroom, teachers can adapt content to students’ personal 

interests, such as exploring the chemistry of food in a class on organic chemistry or discussing the 

chemical properties of cosmetics in a lesson about molecular chemistry. This approach helps 

students see chemistry as a dynamic field with numerous applications in everyday life. It also makes 

the subject more engaging, as students are more likely to be interested in topics that connect with 

their experiences or future career goals. 

Research has shown that when students perceive the material as relevant to their own lives, 

they are more likely to be motivated to learn and to retain the material [12]. For example, [13] 

highlight that when students connect chemistry concepts to sustainability and environmental impact, 

they are more likely to engage in discussions, ask questions, and pursue further learning in the field. 

2.4. Social Context and Real-World Application in Chemistry Education 

Progressivism stresses the importance of teaching students about the social context of 

knowledge and its real-world applications. In chemistry education, this means going beyond the 

laboratory to explore how chemistry impacts society. Chemistry has far-reaching implications in 

numerous social, ethical, and environmental contexts, and progressive education encourages 

students to understand these broader implications as part of their education. 

In practice, this might mean discussing the ethical implications of chemical research, such as 

the development of pharmaceuticals, the use of chemicals in agriculture, or the environmental impact 

of chemical waste. For example, students can explore the chemistry of pesticides and discuss the 

balance between improving agricultural yields and the potential harm to the environment. This 



AJCE, 2025, 15(1)                                                                                   ISSN 2227-5835                                                                                                                                               

154 

 

approach not only enhances students’ scientific understanding but also makes them more aware of 

the broader social responsibility of being a scientific citizen. 

Moreover, teaching chemistry within a social context can involve problem-based learning, 

where students are tasked with solving real-world problems. For example, a class might focus on the 

chemistry of clean water by exploring water purification processes and the global water crisis. 

Students can be asked to design a water purification system, simulate the process, and evaluate the 

chemical methods involved. This approach ties chemistry directly to global issues and encourages 

students to think about how chemistry can be used as a tool to address problems such as pollution, 

disease, and sustainability. 

Such real-world applications also involve addressing ethical questions related to chemical 

research. Topics like genetic modification, the ethics of chemical weaponry, and green chemistry 

provide avenues for students to critically assess how chemistry interacts with society and the natural 

environment. As [14] discusses, making connections between scientific knowledge and societal 

issues ensures that students appreciate chemistry as more than a set of facts and equations, but as a 

field with both social consequences and the potential to drive positive change. 

The ideas of John Dewey and other progressive thinkers play a crucial role in shaping modern 

chemistry education. Dewey’s emphasis on experiential learning and problem-solving has had a 

profound influence on how chemistry is taught today. His belief that students learn best by engaging 

in hands-on activities that connect with their lived experiences has been foundational in developing 

inquiry-based and active learning methods in chemistry classrooms. Lev Vygotsky's theories of 

scaffolding and collaborative learning have also influenced chemistry education by encouraging 

teachers to create supportive learning environments where students can work together to explore 

chemical concepts [15]. 
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In progressive chemistry education, the teacher’s role shifts from a traditional lecturer to a 

facilitator who guides students through a process of discovery and inquiry. Instead of simply 

delivering content, the teacher helps students navigate challenges, fosters critical thinking, and 

supports their investigations. For example, in a progressive chemistry classroom, the teacher might 

present a research question related to a real-world issue—such as the chemistry of a sustainable 

energy source—and then allow students to investigate the issue through experimentation, 

collaboration, and research. The teacher’s role is to provide resources, guide students’ inquiries, and 

encourage them to reflect on their learning, rather than just delivering information. 

 

3. STUDENT-CENTERED LEARNING IN CHEMISTRY 

Student-centered learning, a cornerstone of progressive education, emphasizes that students 

should be active participants in the learning process rather than passive recipients of information. In 

chemistry education, this approach aligns well with the nature of the subject, where students benefit 

from practical application, critical thinking, and collaboration. The implementation of hands-on 

experiments, collaborative learning, inquiry-based learning, and real-world problem-solving 

enhances not only the depth of understanding but also the development of essential skills for 

students. Below, each aspect of student-centered learning is reviewed in detail, highlighting its 

relevance to chemistry education. 

3.1. Hands-On Experiments and Practical Engagement 

Hands-on experiments are a vital component of student-centered chemistry education, 

offering a tangible connection between theory and practice. In traditional, lecture-based instruction, 

students may struggle to conceptualize abstract chemical principles. However, when students are 

actively engaged in laboratory work, they gain immediate feedback on how theoretical knowledge 
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applies in a practical context. Research consistently supports the idea that hands-on experiences are 

instrumental in deepening students' understanding of scientific concepts [16]. 

In chemistry, experiments like titrations or distillation provide students with the opportunity 

to apply core concepts, such as molarity, acid-base chemistry, and phase transitions, in an 

experimental context. For example, a titration experiment allows students to investigate acid-base 

reactions while gaining practical experience with precision, data recording, and scientific reasoning 

[17]. Beyond reinforcing theoretical learning, such activities also foster problem-solving skills and 

critical thinking, as students analyze their data, consider sources of error, and refine their methods. 

These skills are critical in both academic settings and real-world chemistry applications. 

Moreover, practical engagement allows students to understand the significance of chemical 

processes in everyday life. Experiments like distillation can help students appreciate the real-world 

applications of chemistry, from water purification to petroleum refinement, making the subject more 

relevant and stimulating. Active participation in such experiments also promotes engagement, 

helping students to retain and apply chemical knowledge in novel contexts [18]. 

3.2. Collaborative Learning and Peer Interactions 

Collaborative learning fosters a classroom environment where students work together to 

solve problems, exchange ideas, and teach one another. The social nature of learning enables 

students to deepen their understanding of chemistry through peer-to-peer interactions, which can 

promote higher-order cognitive processes such as synthesis, evaluation, and application of 

knowledge [15]. In chemistry classrooms, collaborative activities encourage active discussion and 

critical analysis of chemical concepts, making learning a social endeavor. 

For example, in a group project on chemical pollution, students might research how various 

pollutants, such as heavy metals or plastics, interact with the environment and discuss possible 
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mitigation strategies. Working collaboratively, students share insights, test hypotheses, and critically 

assess each other's contributions. This teamwork not only enhances understanding of the topic but 

also helps develop essential communication and collaborative skills, which are necessary for future 

careers in science [11]. Collaborative activities also encourage peer teaching, where students explain 

chemical concepts such as chemical reactions, molecular bonding, or thermodynamics, reinforcing 

their understanding while helping others. 

Moreover, collaborative learning can be integrated into lab work, where students conduct 

experiments in pairs or small groups. In these settings, students can troubleshoot problems together, 

discuss methodologies, and engage in critical thinking about their results. Research has shown that 

students who engage in collaborative learning are better able to recall content, apply it in new 

contexts, and engage in metacognition [17]. By fostering a collaborative environment, teachers 

empower students to learn from one another and improve their problem-solving skills. 

3.3. Inquiry-Based Learning and Student Autonomy 

Inquiry-based learning (IBL) is a method that encourages students to ask questions, design 

experiments, and explore topics independently or in small groups. This student-centered approach 

promotes autonomy, as students are given the freedom to direct their learning and solve problems 

on their own, guided by the scientific method. IBL is highly effective in chemistry, where students 

benefit from developing hypotheses, testing theories, and interpreting results through firsthand 

experimentation [4]. 

In an inquiry-based chemistry lesson, students might explore the factors that influence the 

rate of reaction, such as concentration, temperature, or the presence of a catalyst. Rather than being 

told how these factors affect the reaction rate, students design their own experiments to test their 

hypotheses, collect data, and draw conclusions. This process nurtures critical thinking and scientific 
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inquiry, as students engage in a cycle of prediction, experimentation, and analysis. By allowing 

students to drive their own learning, IBL fosters self-regulation and encourages a deeper 

understanding of chemistry concepts. 

The autonomy fostered through IBL not only enhances problem-solving skills but also 

prepares students for real-world scientific work. Chemistry students often work independently or in 

teams to investigate complex problems in industry, academia, and research. By providing 

opportunities for inquiry-based learning, chemistry education aligns more closely with the scientific 

process that students will encounter in their future careers [12]. 

3.4. Active Problem Solving and Application to Real-World Chemistry 

Active problem-solving is an essential feature of student-centered learning that helps students 

connect chemical principles to real-world issues. Chemistry education should not merely be about 

learning abstract principles; it should be about applying those principles to solve tangible problems 

in the real world. By tackling real-world problems, students gain a more holistic understanding of 

chemistry and learn to apply their knowledge in meaningful ways. This approach is particularly 

important in addressing global challenges such as climate change, environmental pollution, and 

sustainable energy. 

In a student-centered chemistry classroom, students might engage in a problem-solving task 

that addresses an environmental issue, such as designing a more efficient method of recycling or 

creating green chemical processes that reduce waste and energy consumption. These types of 

challenges require students to draw on their understanding of various areas of chemistry, from 

organic chemistry to environmental chemistry, and apply their knowledge to generate innovative 

solutions. This approach not only makes chemistry relevant but also encourages students to consider 

the ethical and sociopolitical implications of scientific advancements. 
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Real-world problem-solving tasks are often interdisciplinary, encouraging students to apply 

chemistry concepts in the context of other fields, such as biology, engineering, or social sciences. 

For instance, in a project focused on water purification, students might explore both the chemical 

processes involved in filtration and the social implications of access to clean water in underserved 

communities. Such tasks foster collaborative skills, critical thinking, and creativity, which are 

valuable for future scientific work [14]. 

4. RELEVANCE OF CHEMISTRY TO STUDENT NEEDS AND INTERESTS 

Chemistry is a fundamental science that plays a crucial role in daily life and is integral to 

addressing many of the world's most pressing challenges, such as environmental degradation, health 

issues, and the development of new technologies. When students see the connections between 

chemistry and their own lives, it enhances engagement and motivates them to learn. By focusing on 

real-world applications, interdisciplinary connections, addressing student interests, and career 

preparation, educators can demonstrate how chemistry is not only a theoretical subject but also a 

practical tool for solving real-world problems. 

4.1. Real-World Applications of Chemistry in Daily Life 

Chemistry is intimately connected to everyday activities; from the food we consume to the 

air we breathe. Making these connections clear to students helps them see the importance of 

chemistry beyond the classroom. For example, in food chemistry, understanding the chemical 

processes involved in cooking, such as the Maillard reaction (responsible for browning in food), or 

the fermentation process in bread and brewing, illustrates the role of chemistry in everyday life [19]. 

Similarly, environmental chemistry shows how chemicals impact the environment. Studying air 

pollution, the formation of acid rain, or the chemical processes behind water purification allows 

students to understand how chemical principles are applied to solve global challenges like pollution 
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and climate change [20]. These real-world applications not only make chemistry more relevant but 

also underscore the importance of the subject in addressing societal issues. 

Another compelling example is the study of renewable energy technologies, where chemistry 

plays a pivotal role in creating more sustainable energy sources. For instance, the chemistry of solar 

cells, biofuels, and wind energy technologies all involve chemical reactions and processes. The study 

of semiconductor chemistry in photovoltaic cells, which convert sunlight into electricity, helps 

students understand the critical role chemistry plays in developing clean energy solutions [21]. 

Connecting chemistry to energy production and environmental sustainability helps students 

appreciate the power of chemistry in shaping the future. 

4.2. Interdisciplinary Connections  

Chemistry does not exist in isolation but is deeply interconnected with other scientific 

disciplines, enhancing its relevance to students. One prominent interdisciplinary connection is 

between chemistry and biology, particularly in the field of biochemistry. By exploring the chemical 

processes that govern biological systems, such as how enzymes catalyze metabolic reactions or how 

DNA replicates through chemical interactions, students can see how chemistry is foundational to 

understanding life [22]. For example, the chemical processes in the human body, from energy 

production to neurotransmission, highlight the importance of chemistry in biological functions. 

Environmental chemistry also offers rich interdisciplinary opportunities by linking chemistry 

to environmental science. Students can explore how human activities, such as industrialization and 

agriculture, have altered the chemical composition of air, soil, and water, contributing to problems 

like pollution and climate change. By studying the effects of chemicals in the environment, such as 

the impact of pesticides or heavy metals, students can gain a deeper understanding of how chemistry 

impacts the natural world and human health (Alloway, 2013). These interdisciplinary connections 
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not only make chemistry more engaging but also help students appreciate its role in solving 

environmental challenges. 

Additionally, the intersection of chemistry and physics in areas like materials science allows 

students to understand how chemical properties determine the characteristics of materials used in 

everyday products. For example, the study of polymers, metals, and semiconductors reveals how 

chemical principles are applied to develop new technologies, from smartphones to biodegradable 

plastics [23]. These connections help students appreciate the relevance of chemistry in various 

technological fields. 

4.3. Addressing Students' Interests 

Addressing students' personal interests is another effective way to make chemistry more 

relevant and engaging. Many students are passionate about sustainability, health, and technology, 

and chemistry is at the heart of all these fields. The growing interest in green chemistry, for example, 

reflects students' concerns about environmental sustainability. By exploring how green chemistry 

principles are used to create environmentally friendly products and processes, such as biodegradable 

plastics or renewable energy sources, students can see how chemistry contributes to solving 

environmental problems [24]. Understanding biochemical processes that promote sustainable 

agriculture, or cleaner energy can inspire students to think critically about how they can use 

chemistry to create a sustainable future. 

In the realm of health, chemistry is directly related to understanding how drugs work and 

how chemical reactions in the body maintain health. Students can study the chemistry of 

pharmaceuticals, exploring how drug molecules interact with biological targets to treat diseases. By 

studying the structure-activity relationship (SAR) of drugs like aspirin or penicillin, students gain a 



AJCE, 2025, 15(1)                                                                                   ISSN 2227-5835                                                                                                                                               

162 

 

deeper understanding of how chemistry contributes to medical breakthroughs [25]. This makes 

chemistry more relevant to students considering careers in medicine, pharmacy, or public health. 

Students interested in technology will also find chemistry directly applicable to fields like 

nanotechnology and materials science. Chemistry is crucial in developing nanomaterials and smart 

technologies that respond to environmental stimuli, offering students a chance to explore the cutting 

edge of technological innovation [26]. Whether through the development of nano-sized drug delivery 

systems or the creation of new materials for use in electronics and biotechnology, chemistry provides 

the foundation for many of the exciting technologies of the future. 

4.4. Preparing Students for Career Paths in Science and Technology 

Chemistry education also plays a vital role in preparing students for future career 

opportunities in science, technology, and engineering. Careers in fields such as pharmaceuticals, 

chemical engineering, biotechnology, and environmental science require a solid understanding of 

chemistry. By demonstrating how chemistry is foundational to various career paths, educators can 

help students see the potential for chemistry in shaping their future professions. 

For instance, in the pharmaceutical industry, chemistry is essential for designing and 

synthesizing new drugs. Students can learn about drug development processes and how chemists 

create molecular structures that can target specific diseases. By exploring chemical synthesis and 

drug-receptor interactions, students can understand the critical role of chemistry in healthcare [27]. 

Similarly, students interested in engineering can study how chemistry is applied in the development 

of renewable energy systems, waste management technologies, or chemical manufacturing processes 

[21]. Exposure to these industries through internships, guest speakers, or real-world projects helps 

students connect their classroom learning to actual career paths, reinforcing the practical value of 

chemistry. 
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5. DEVELOPMENT OF CRITICAL THINKING AND PROBLEM-SOLVING SKILLS 

The development of critical thinking and problem-solving skills is central to progressive 

education, and chemistry education is no exception. These skills are crucial for understanding the 

complexities of scientific concepts and for addressing pressing real-world issues, from 

environmental challenges to public health concerns. In chemistry, these competencies help students 

not only to grasp fundamental principles but also to apply them to solve practical, real-world 

problems. In this section, we examine key methods such as Problem-Based Learning (PBL), inquiry-

based learning, and fostering independent thought to cultivate critical thinking and problem-solving 

abilities. 

5.1. Problem-Based Learning (PBL) and Complex Challenges 

Problem-Based Learning (PBL) is an approach that encourages students to tackle complex, 

real-world problems, requiring them to apply their knowledge and collaborate in solving them. This 

active learning strategy is based on the idea that learning is most effective when students are engaged 

in meaningful problems. In chemistry education, PBL might involve students working together to 

design solutions for issues such as waste reduction in industrial chemical processes or investigating 

the chemistry of air pollution. Research has demonstrated that PBL significantly enhances students’ 

ability to think critically and solve problems by placing emphasis on student-centered learning, 

collaboration, and application of knowledge [28]. 

A key strength of PBL in chemistry education is its emphasis on real-world challenges. For 

instance, students could be tasked with analyzing the chemical composition of pollutants or 

designing a chemical process that reduces energy consumption. Through such exercises, students 

not only apply theoretical knowledge but also develop the skills needed for problem identification, 

hypothesis testing, and data analysis, which are crucial for scientific inquiry. Recent studies confirm 
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that PBL improves critical thinking, communication skills, and collaborative learning, making it an 

effective method for preparing students for future scientific and professional challenges [29]. 

5.2. Inquiry and the Scientific Method 

Inquiry-based learning, which follows the scientific method, is another cornerstone of 

progressive chemistry education. This approach encourages students to formulate hypotheses, 

conduct experiments, and draw evidence-based conclusions, mirroring the actual process of 

scientific investigation. Inquiry-based learning fosters critical thinking by requiring students to 

engage in problem formulation, data collection, and analysis, key steps in the scientific method [30]. 

It also provides opportunities for students to test their own ideas and reflect on the process of 

knowledge generation. 

In the context of chemistry, inquiry might involve experiments related to topics such as 

chemical kinetics, acid-base reactions, or thermodynamics, where students pose their own questions 

and design investigations to find answers. For example, a student could explore how varying 

temperature affects the rate of reaction between different chemicals, promoting a deeper 

understanding of the collision theory. Studies have consistently shown that inquiry-based learning 

improves scientific literacy, problem-solving abilities, and critical thinking [30]. It encourages 

students to adopt a mindset of curiosity and evidence-based reasoning, which are vital for solving 

complex scientific problems and addressing global challenges, such as climate change or sustainable 

energy. 

5.3. Fostering Independent Thought and Autonomy 

One of the fundamental goals of progressive education is fostering independent thought and 

autonomy in students. In chemistry education, this means enabling students to take ownership of 

their learning process, make decisions about how to approach problems, and reflect on their 
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understanding of chemical concepts. Fostering autonomy is essential not only for building 

confidence in students but also for cultivating problem-solving skills that can be applied in a wide 

range of contexts. This approach emphasizes the importance of students being self-directed learners 

who can formulate their own questions, design experiments, and evaluate the validity of their 

conclusions. 

Recent research has highlighted that self-regulated learning practices in chemistry can 

improve students' ability to independently analyze problems and solve complex questions [31]. By 

incorporating activities like independent research projects, students are encouraged to explore topics 

of personal interest, such as green chemistry or biochemistry, and apply their understanding to solve 

real-world challenges. For example, students could investigate the chemical processes involved in 

biodegradable plastic production, fostering both scientific inquiry and environmental awareness. 

Allowing students to lead their own learning not only promotes autonomy but also helps develop the 

skills needed for critical reflection and independent problem solving, both essential for their 

academic and professional future [32]. 

5.4. Real-World Problem Solving in Chemistry Education 

Integrating real-world problem solving into chemistry education makes the subject more 

relevant to students and helps them see the immediate impact of chemistry on society. Progressive 

education emphasizes applying knowledge to address global challenges such as sustainability, 

healthcare, and environmental protection. In chemistry, real-world problem-solving involves 

analyzing contemporary issues—such as pollution, climate change, or energy production—and using 

chemical principles to find solutions. This approach not only strengthens students' understanding of 

the subject but also engages them in addressing issues they care about, providing a sense of purpose 

and motivation. 
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For instance, students might be asked to design a more sustainable chemical process for 

energy production or analyze how chemicals in agriculture impact the environment. Through such 

problems, students engage with green chemistry principles, learn about the role of chemistry in 

sustainable development, and develop practical solutions for environmental challenges [33]. Recent 

studies emphasize that when students engage in real-world problem solving, they not only deepen 

their chemistry knowledge but also develop the critical thinking and problem-solving skills 

necessary for addressing pressing global issues [34]. This approach reinforces the idea that chemistry 

is not just an abstract subject but a practical tool for shaping the future. 

By integrating real-world issues into the curriculum, chemistry educators can also guide 

students toward potential career paths in science and technology. For example, addressing problems 

like greenhouse gas emissions, bioremediation, or the development of alternative energy sources 

prepares students for careers in environmental chemistry, renewable energy industries, or 

pharmaceutical research. Research shows that students who work on such real-life problems are 

better prepared for STEM careers and develop a strong sense of social responsibility. 

 

6. CONSTRUCTIVIST LEARNING IN CHEMISTRY 

Constructivist learning theory, particularly as advanced by theorists like Jean Piaget and Lev 

Vygotsky, posits that knowledge is actively constructed by the learner through interaction with their 

environment and prior experiences, rather than being passively absorbed. In the context of chemistry 

education, constructivism emphasizes the importance of linking new concepts to students' prior 

knowledge, providing opportunities for scaffold learning, and allowing for personalized learning 

paths that cater to the diverse needs of students. This approach facilitates deeper understanding, 

better retention of chemistry concepts, and a more active engagement in the learning process. 
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Constructivism is particularly effective in chemistry education as it aligns well with the 

subject's inherently complex and abstract nature. It focuses on making chemistry relevant to students' 

lives and ensuring that learning is connected to their existing cognitive frameworks. In this section, 

we explore how prior knowledge, scaffold learning, and personalized learning all contribute to the 

constructivist model and help students build a robust understanding of chemistry that they can apply 

to real-world situations. 

6.1. Building on Prior Knowledge 

A core principle of constructivism is the idea that new learning builds upon prior knowledge. 

In chemistry, this means that students must connect abstract concepts (such as atomic structure, 

bonding, and stoichiometry) to concrete experiences and previously acquired knowledge, making 

new information more meaningful and easier to understand. The process of active learning allows 

students to construct new mental models based on what they already know, which can enhance both 

understanding and retention of chemistry concepts [35]. 

For instance, in teaching the concept of chemical reactions, students may already have some 

prior knowledge of basic chemical properties, such as solubility or reactivity, which can serve as a 

foundation for understanding more complex reactions, such as redox reactions or acid-base titrations. 

According to Piaget's theory of cognitive development, students build new knowledge by adjusting 

their existing schemas through assimilation and accommodation [36]. By engaging students in tasks 

that require them to activate prior knowledge, such as revisiting basic concepts before introducing 

advanced ones, educators can promote more effective learning of chemistry concepts [35]. Studies 

have shown that students who relate new information to what they already know experience better 

understanding and long-term retention [37]. 
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Moreover, making use of students’ everyday experiences—such as cooking, cleaning, or 

understanding environmental issues—can connect chemistry to their lived experiences and help 

make the learning process more relatable. For example, teaching the concept of chemical bonding 

might begin with a discussion about molecular compounds in everyday items like soap, cleaning 

products, or medicines, which students can relate to from their daily lives. 

6.2. Scaffolded Learning and Gradual Independence 

In the constructivist framework, scaffolded learning refers to providing support at the 

beginning stages of learning and gradually reducing that support as students become more capable 

and independent. In chemistry education, this can take the form of teachers providing guidance, 

resources, and feedback during complex problem-solving or laboratory activities and then gradually 

reducing the amount of help as students become more skilled at conducting experiments, solving 

problems, and applying theoretical knowledge. This process encourages students to take increasing 

ownership of their learning, which enhances their critical thinking and problem-solving abilities. 

Vygotsky's Zone of Proximal Development (ZPD) is a key concept in scaffolded learning, 

which suggests that students learn best when given tasks that are slightly above their current level 

of competence but still achievable with the right amount of support [15]. In a chemistry classroom, 

this might involve providing students with guided practice in balancing chemical equations before 

allowing them to independently solve more complex stoichiometry problems. Scaffolding could also 

be used in laboratory settings, where students begin with detailed instructions on conducting a 

specific experiment, and over time, are encouraged to design their own experiments with less 

guidance from the instructor. Research has demonstrated that scaffolding promotes deeper learning 

and greater conceptual understanding, as students are supported while they develop the skills needed 

to solve problems independently [38]. 
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A specific example of scaffolding in chemistry education is the gradual introduction of 

concepts in a topic such as acid-base chemistry. At first, students may work on problems involving 

the calculation of pH using simplified formulas, but as their understanding deepens, they may 

progress to solving more complex problems involving buffer solutions, titration curves, and the 

interplay between acid-base equilibrium and solubility products. Scaffolded learning in this context 

allows students to gradually gain confidence and competence in their ability to apply chemical 

principles. 

6.3. Personalized Learning Paths in Chemistry Education 

A key advantage of constructivism is its emphasis on tailoring the learning experience to the 

individual needs of students. In chemistry, this means recognizing the diverse backgrounds, interests, 

and learning styles of students and adapting teaching strategies accordingly. By providing 

personalized learning paths, educators can help students progress at their own pace, focusing on 

areas of difficulty while advancing more quickly through areas they find easier. 

In practice, personalized learning might involve offering students a range of resources, such 

as interactive simulations, digital tutorials, and hands-on experiments, that allow them to explore 

chemistry concepts in different ways. For example, some students may benefit from using 3D 

molecular modeling tools to visualize chemical structures, while others may find success in working 

with tactile materials like physical models or laboratory experiments. Personalized learning also 

involves providing opportunities for student choice, where students can choose topics or projects 

that align with their interests, such as green chemistry, pharmaceutical chemistry, or environmental 

chemistry. Research has shown that students who are given some autonomy in their learning—such 

as choosing how they demonstrate their understanding—are more engaged and motivated to learn 

[39]. 
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For instance, in a chemistry course, students could have the opportunity to choose between 

various capstone projects: one focused on the chemistry of renewable energy, another on 

pharmacological drug design, and a third on environmental pollution. This approach allows students 

to engage with chemistry in ways that are relevant to their personal interests while still achieving the 

same learning goals. Additionally, adaptive learning technologies, such as intelligent tutoring 

systems or learning management platforms, can provide real-time feedback and recommendations 

for students, ensuring that each learner receives appropriate challenges based on their individual 

progress [40]. Studies confirm that personalized learning fosters greater student engagement, 

mastery, and long-term retention of content [41]. 

Constructivist learning practices, particularly those focused on building on prior knowledge, 

offering scaffolded learning, and enabling personalized learning paths, significantly enhance 

students' ability to understand and retain chemistry concepts over the long term. This approach 

encourages students to view chemistry not as a set of isolated facts but as an interconnected body of 

knowledge that can be applied in various contexts. By actively engaging with the material, students 

are more likely to form deep and meaningful connections with the content, facilitating long-term 

retention and the ability to apply their knowledge in novel situations [37]. 

In chemistry education, this deeper engagement can be seen in how students conceptualize 

abstract topics, such as chemical bonding or thermodynamics, by linking these ideas to their existing 

mental frameworks and real-world applications. Moreover, because constructivist learning 

encourages students to actively participate in the learning process—whether through inquiry, 

problem-solving, or experimentation—the knowledge they acquire is more likely to be retained and 

integrated into their long-term memory. Research supports the idea that constructivist strategies lead 
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to more meaningful learning and improved critical thinking skills in chemistry, compared to 

traditional rote memorization approaches [38]. 

 

7. CHALLENGES AND CRITIQUES OF PROGRESSIVISM IN CHEMISTRY 

EDUCATION 

While progressivism has had a transformative influence on education, particularly in 

chemistry, its application is not without challenges. Progressivist pedagogy promotes active, inquiry-

based, and student-centered learning, but it requires careful consideration of various practical 

barriers, including time and resource constraints, difficulties with traditional assessment methods, 

the need for comprehensive teacher training, and the realities of managing diverse classrooms. This 

section explores these challenges, offering practical solutions to enhance the implementation of 

progressive methods in chemistry education. 

7.1. Time and Resource Constraints 

One of the primary challenges in adopting progressivist approaches to chemistry education 

is the limited time and resources available in many educational settings. Progressivist pedagogy, 

which emphasizes inquiry-based learning, hands-on experiments, and collaborative group work, can 

be resource-intensive. Chemistry courses often require laboratory equipment, chemicals, and 

specialized facilities, which may not be readily available in all schools, particularly in underfunded 

or large institutions [42]. Moreover, implementing student-centered approaches requires additional 

time for planning and facilitating interactive lessons, experiments, and discussions, which can be 

challenging within the constraints of rigid curricula and limited class hours. 

In addition to the logistical challenges of acquiring resources, time is also a critical issue. In-

depth inquiry-based projects and collaborative learning activities demand substantial instructional 
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time. However, in many academic systems, especially at the secondary level, there is pressure to 

cover a wide range of topics within a limited period, often leading to a focus on rote memorization 

and the coverage of content rather than on deep, conceptual understanding [43]. A potential solution 

is to integrate interdisciplinary learning and align chemistry education with broader science goals, 

allowing students to explore concepts through relevant, real-world problems that require fewer 

resources while still fostering critical thinking and active learning. Additionally, adopting virtual 

labs and simulation-based activities can provide low-cost alternatives to physical experiments, 

making inquiry-based learning more feasible in resource-constrained environments [44]. 

7.2. Issues with Traditional Assessment Methods 

Traditional assessment methods, such as multiple-choice tests or written exams, are often at 

odds with the principles of progressivism. These types of assessments typically focus on rote 

memorization of facts and formulas, which do not reflect the deeper learning goals of progressivist 

education, such as critical thinking, problem-solving, and application of knowledge in real-world 

contexts [45]. In a progressivist classroom, where students engage in collaborative learning and 

inquiry-based projects, the results of such assessments may not accurately capture a student’s 

understanding of chemistry or their ability to apply concepts creatively. 

The reliance on traditional assessments becomes problematic because they fail to measure 

students’ process of learning—how they engage with problems, work through difficulties, and refine 

their understanding. In response to this challenge, educators can adopt alternative assessment 

methods that better align with the goals of progressive education. These include portfolio 

assessments, where students document their learning progress over time, and project-based 

assessments, which require students to apply chemistry concepts to real-world challenges [45]. 

Another solution is the use of formative assessments that focus on ongoing feedback, allowing 
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teachers to gauge understanding continuously rather than relying on one-time evaluations. Such 

assessments also provide opportunities for self-assessment and peer evaluation, helping students 

reflect on their learning processes and outcomes. 

7.3. Need for Teacher Training and Professional Development 

The successful implementation of progressive methods in chemistry education depends 

heavily on teachers' training and professional development. Many educators, especially those 

accustomed to traditional teaching models, may find it challenging to adapt to the student-centered 

approaches that progressivism requires. A teacher’s role in a progressivist classroom is not just to 

transmit knowledge but to act as a facilitator of learning, guiding students as they engage in problem-

solving, experimentation, and discovery. This shift requires teachers to be well-versed in both the 

pedagogy and the content of chemistry, as well as skilled in managing collaborative and inquiry-

based activities [46]. 

To address this challenge, teacher training programs must focus on developing skills related 

to active learning, student engagement, and assessment for learning. Furthermore, teachers should 

be provided with continuous professional development opportunities that allow them to refine their 

teaching practices and stay current with new trends in pedagogy, technology, and chemistry content. 

Workshops, collaborative teaching communities, and online resources are all useful in helping 

teachers build confidence and competence in delivering a progressive chemistry curriculum [47]. 

Encouraging mentorship programs, where experienced educators can guide new teachers in 

implementing progressivist strategies, is also an effective way to foster professional growth and 

support teachers through the transition. 
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7.4. Addressing Potential Classroom Challenges  

In real-world classroom settings, particularly in large or diverse classrooms, the one-size-

fits-all approach to education often does not meet the needs of all students. Progressivist education, 

with its emphasis on student autonomy and inquiry, can be difficult to implement in large classes, 

where individual student needs may be hard to address, and students may struggle to engage deeply 

with complex chemistry concepts. The heterogeneity of students' backgrounds, abilities, and prior 

knowledge adds another layer of difficulty for teachers aiming to create a truly student-centered 

learning environment [48]. 

To overcome these challenges, differentiated instruction is a critical strategy. This approach 

involves tailoring lessons and activities to meet the diverse needs of students, whether by providing 

more challenging tasks for advanced learners or offering additional support for struggling students 

[49]. In a chemistry classroom, this could involve offering tiered assignments or providing additional 

resources for students who need more foundational support, such as peer tutoring, interactive 

chemistry tutorials, or online problem-solving tools. Technology can play a key role in 

differentiating instruction by offering personalized learning experiences through digital simulations 

or adaptive learning platforms. By incorporating both high-tech and low-tech solutions, teachers can 

better meet the varied needs of their students while maintaining the principles of student-centered 

learning. 

Another possible solution is to create smaller group activities within larger classes, such as 

cooperative problem-solving tasks, where students work together in small teams to explore a 

chemistry topic. This allows for more personalized attention and fosters collaboration, helping 

students to engage more deeply with the content. Incorporating flexible learning spaces that 
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encourage interaction and reduce the traditional “lecture-style” teaching can also support 

progressivist methods in large or diverse classrooms. 

 

8. CONCLUSION 

The application of progressivism in chemistry education presents numerous benefits that can 

significantly enhance student learning outcomes and engagement. By fostering a student-centered 

approach to teaching, progressivism encourages students to become active participants in their 

learning process rather than passive recipients of information. Key principles such as active learning, 

problem-solving, and inquiry-based learning can transform the chemistry classroom into a dynamic 

environment where students engage directly with real-world issues and develop critical scientific 

skills. Through this approach, students not only grasp chemical concepts but also learn how to apply 

these concepts to solve pressing global challenges, such as those related to sustainability, health, and 

energy. 

One of the main benefits of progressivism in chemistry education is its ability to make 

learning relevant to students’ everyday lives. Real-world applications of chemistry, whether it’s in 

understanding environmental issues like pollution or exploring advances in green chemistry and 

renewable energy, serve to connect abstract scientific concepts with practical challenges. This 

relevance helps to deepen students’ understanding and fosters a sense of ownership and curiosity 

about the subject. Moreover, by integrating interdisciplinary learning and connecting chemistry with 

other fields such as biology, environmental science, and technology, progressivism broadens 

students' perspectives and demonstrates the interconnectedness of knowledge across disciplines. 

Furthermore, progressivism prioritizes the development of critical thinking and problem-

solving skills, essential competencies for success in the modern world. In a progressivist chemistry 



AJCE, 2025, 15(1)                                                                                   ISSN 2227-5835                                                                                                                                               

176 

 

classroom, students are encouraged to ask questions, design experiments, analyze data, and draw 

conclusions. These activities promote intellectual autonomy and the ability to think critically, skills 

that are not only valuable for understanding chemistry but also for navigating complex real-world 

situations. Additionally, the emphasis on collaboration and peer learning nurtures effective 

communication and teamwork—skills crucial for success in both academic and professional 

environments. 

Despite its numerous advantages, the successful implementation of progressivism in 

chemistry education requires ongoing adaptation and professional development. Teachers must be 

equipped with the necessary skills and resources to effectively facilitate student-centered learning, 

assess students' progress meaningfully, and manage the diverse needs of their students. As 

educational contexts evolve, so too must the methods employed to deliver chemistry education. 

Teachers should engage in continuous training, embrace new pedagogical approaches, and seek out 

innovative technologies that can further enhance the learning experience. This adaptability will 

ensure that progressivism continues to evolve and remain relevant in preparing students for the 

challenges of the future. 

In conclusion, applying progressivism to chemistry education has the potential to foster a 

deeper, more meaningful understanding of the subject while preparing students to think critically 

and solve real-world problems. By continuing to refine teaching practices and adapting to the 

changing educational landscape, educators can ensure that chemistry remains an engaging, relevant, 

and dynamic subject that empowers students to become not only skilled chemists but also thoughtful, 

innovative problem-solvers ready to contribute to the world. 
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