
Curriculum Development and Teaching Reform Practice 

in Polymer Chemistry Based on the "Three Integration" 

Approach 

Jianmei Han 

College of Chemistry and Chemical Engineering, Taishan University, Tai’an, Shandong, 271021, 

China 

hanjianmei819@126.com 

Keywords: Polymer chemistry, teaching reform, Three Integration, experimental teaching, 

classroom teaching 

Abstract: This paper aims to explore the curriculum development and teaching reform 

practice in polymer chemistry, focusing on the "Three Integration" teaching approach. Firstly, 

the paper reviews the historical development of polymer chemistry curriculum and then 

delves into the development and application of the "Three Integration" teaching approach, 

along with related research achievements. Subsequently, it provides a detailed introduction 

to the practical construction of the polymer chemistry curriculum based on the "Three 

Integration" teaching approach, including the selection and design of textbooks, the design 

of experimental teaching components, classroom teaching methods and techniques, and the 

design of the curriculum evaluation system. The paper also evaluates the effectiveness of the 

teaching reform practice, including the analysis of teaching experiment results, assessment 

of student learning outcomes, and evaluation of teacher teaching effectiveness and reflection. 

Finally, by discussing the challenges and issues encountered in the practice, as well as the 

implications for curriculum development and teaching reform in polymer chemistry, the 

paper concludes with a summary of the research findings and future prospects. 

1. Introduction 

Polymer chemistry, as an important branch in the field of chemistry, plays an indispensable role in 

the development of modern materials science and engineering technology. In this rapidly advancing 

field, education and training in polymer chemistry have become crucial for nurturing professionals 

with innovative thinking and practical skills. However, traditional polymer chemistry courses have 

revealed certain issues in teaching methods and content, requiring curriculum development and 

teaching reform to meet the demands of modern education. This paper aims to delve into the 

construction of polymer chemistry curriculum and the practice of teaching reform, with a particular 

focus on the application of the "Three Integration" teaching approach. By integrating fundamental 

theory, experimental teaching, and practical applications, this research aims to enhance students' 

comprehensive qualities and cultivate their interdisciplinary thinking and problem-solving abilities. 

Therefore, in the following sections, we will extensively discuss the historical evolution of polymer 
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chemistry curriculum development, as well as the development and application of the "Three 

Integration" teaching approach. Additionally, the literature review section will provide theoretical 

support and practical experience references by presenting relevant research findings. The section on 

the practice of polymer chemistry curriculum development will provide a detailed description of the 

curriculum design based on the "Three Integration" teaching approach, including the selection and 

design of textbooks, the design of experimental teaching components, classroom teaching methods 

and techniques, and the design of the curriculum evaluation system. Through these practical measures, 

we will analyze the actual effects of teaching reform, including students' learning outcomes and 

teachers' teaching effectiveness. Finally, in the discussion and conclusion section, we will summarize 

the challenges and issues encountered in the practice and present insights for the development of 

polymer chemistry curriculum and teaching reform, offering valuable experiences and suggestions 

for future educational research and practice. Through this study, we hope to contribute to the 

development and improvement of polymer chemistry education, promote the enhancement of 

educational quality, and elevate students' comprehensive qualities. 

2. Theory and Background 

Polymer chemistry, as an important branch in the field of chemistry, has a wide range of 

applications and is essential in various fields, from materials science to the pharmaceutical industry. 

Therefore, the polymer chemistry course holds a significant position in chemical education. In this 

chapter, we will provide a detailed discussion on the historical development of the polymer chemistry 

curriculum and the background of implementing the "Three Integration" teaching approach for 

teaching reform. Additionally, we will review relevant research findings to establish a theoretical and 

practical foundation for subsequent curriculum development and teaching reform efforts. 

2.1. Historical Review of Polymer Chemistry Curriculum Development 

The history of the polymer chemistry curriculum can be traced back to the early 20th century when 

the study and application of polymer materials were just beginning. Early polymer chemistry courses 

primarily focused on theoretical foundations and experimental techniques, emphasizing 

understanding of polymerization reaction mechanisms and molecular structures. However, as time 

went on, the rapid development of polymer science presented new challenges, and traditional courses 

gradually became outdated. Students required more knowledge about modern polymer material 

synthesis and applications to meet the demands of industry and research. In the late 20th century and 

early 21st century, the polymer chemistry curriculum began to undergo transformation. Educators 

started to pay attention to how to better cultivate students' innovation abilities and practical 

application skills. This led to adjustments in teaching methods, including the introduction of more 

case studies, experimental projects, and interdisciplinary teaching. However, these changes remained 

limited and further reforms were needed to adapt to today's complex and diverse world of polymer 

materials[1]. 

2.2. Development and Application of the "Three Integration" Teaching Approach 

The "Three Integration" teaching approach is an emerging educational method that emphasizes the 

integration of theory, experimentation, and practical applications to enhance students' comprehensive 

qualities. The development of this approach stems from a reflection on the traditional course teaching 

model, recognizing that merely imparting theoretical knowledge is insufficient; students also need to 

be able to apply that knowledge to practical problems. Therefore, the "Three Integration" teaching 

approach seeks to break down disciplinary barriers and encourage students to establish stronger 
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connections between theoretical learning, experimental exploration, and practical applications.The 

application of this approach holds special significance in the polymer chemistry curriculum. The 

complexity and wide-ranging applications of polymer materials require students to gain more hands-

on experience. By incorporating experimental teaching and case studies, students can better 

understand the synthesis, properties, and applications of polymer materials. Additionally, the "Three 

Integration" teaching approach encourages students to think across disciplines, integrating polymer 

chemistry with other fields, thereby cultivating professionals with comprehensive qualities. The 

application of this approach also involves utilizing modern educational technologies, such as virtual 

laboratories and online learning platforms, to provide more interactivity and practical opportunities. 

Through these applications, students can gain more practical experience beyond the laboratory, 

enhancing their learning outcomes and skill levels[2]. 

3. Polymer Chemistry Curriculum Development Practice 

In the field of polymer chemistry education, curriculum development practice aims to integrate 

theoretical knowledge with practical applications and cultivate students' comprehensive qualities and 

innovative abilities. This section will delve into the practice of polymer chemistry curriculum 

development based on the "three integration" teaching concept, which can be divided into two key 

aspects: textbook selection and design, as well as laboratory teaching module design. Additionally, 

we will also discuss how to design an effective course evaluation system to ensure the quality of the 

curriculum and students' learning outcomes[3]. 

3.1. Textbook Selection and Design, and Laboratory Teaching Module Design 

In the practice of polymer chemistry curriculum development, textbook selection and design, as 

well as the design of laboratory teaching modules, play a crucial role in students' learning experience 

and knowledge acquisition. Firstly, careful consideration should be given to **textbook selection**. 

The chosen textbooks should not only reflect the latest research achievements in polymer chemistry 

but also connect to practical applications. This implies that the selected textbooks must cover the 

fundamental concepts of polymer chemistry and possess a clear structure to help students 

systematically grasp the course content. In the era of information explosion, some textbooks have 

adopted interactive online platforms, providing students with more resources and practice 

opportunities, promoting personalized learning paths, and enabling them to delve into the subject 

matter at their own pace. The design of the textbook is equally important. **Textbook design** 

should effectively integrate theoretical knowledge, experimental skills, and practical cases to assist 

students in better understanding the complexity of polymer chemistry. Through the design of case 

studies and application exercises, textbooks can provide students with more opportunities for practical 

application, allowing them to apply their acquired knowledge to real-world situations. Furthermore, 

the language used in the textbooks should be concise and clear, and the illustrations and diagrams 

should be easily understandable, facilitating students' comprehension of abstract concepts. A good 

textbook not only delivers information but also serves as a tool to guide students in thinking, exploring, 

and problem-solving. On the other hand, the design of **laboratory teaching modules** is also an 

indispensable part of the polymer chemistry curriculum. These laboratory projects should be both 

interesting and challenging. The selection of laboratory projects should complement the theoretical 

aspects of the course, enabling students to apply their knowledge to practical operations. Through 

engaging and challenging laboratory projects, students can not only develop experimental skills but 

also cultivate scientific thinking and problem-solving abilities. The design of laboratory projects 

should prioritize student safety, ensuring that they can perform operations safely in the laboratory. 

Only with the support of these interesting and challenging laboratory projects can students better 
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master experimental skills, cultivate scientific thinking, and develop practical application abilities. In 

summary, textbook selection and design, as well as the design of laboratory teaching modules, play 

indispensable roles in polymer chemistry curriculum development. The careful planning and 

coordination of these components can greatly enhance students' learning experience, cultivate their 

scientific literacy, and develop their practical application abilities. By selecting appropriate textbooks 

and designing engaging laboratory teaching modules, we can assist students in better understanding 

and mastering the core concepts of polymer chemistry, laying a solid foundation for their future 

scientific research and career paths. 

3.2. Classroom Teaching Methods and Tools 

In the classroom teaching of polymer chemistry courses, employing appropriate teaching methods 

and educational technology tools can significantly enhance students' engagement and learning 

outcomes. The selection and application of suitable teaching methods by teachers are crucial in 

guiding students' active participation. For example, by utilizing teaching methods such as discussions, 

case analysis, and group collaboration, teachers can stimulate students' interest and encourage their 

active involvement in classroom activities. Discussions can prompt students to share their viewpoints, 

raise questions, and engage in in-depth thinking, thereby deepening their understanding of polymer 

chemistry concepts. Case analysis allows students to apply theoretical knowledge to practical 

problems through the exploration of real-life scenarios, fostering problem-solving abilities. Group 

collaboration encourages student interaction and cooperation, facilitating mutual learning. 

Additionally, the application of **educational technology tools** provides new opportunities and 

possibilities for polymer chemistry classroom teaching. Educational technology tools can enhance 

the interactivity and effectiveness of classroom teaching, offering students more learning 

opportunities and feedback. For instance, online discussion boards allow students to continue in-depth 

discussions on course content outside the classroom, promoting expanded learning. Virtual 

laboratories enable students to conduct experimental operations in simulated environments, which 

may be challenging to achieve in physical laboratories, thus aiding in consolidating their experimental 

skills. Educational games can increase the fun factor of learning while providing opportunities for 

experimentation and simulation to help students better understand the concepts of polymer chemistry. 

Teachers can cleverly integrate these educational technology tools into classroom teaching to enhance 

students' engagement and comprehension abilities. By guiding students to use online discussion 

boards to share viewpoints and answer questions, teachers can stimulate deep thinking and academic 

exchange. Virtual laboratories can serve as valuable supplements to experimental courses, allowing 

students to perform experiments in a simulated environment, enhancing the safety and feasibility of 

experiments. Educational games can foster students' problem-solving and collaboration abilities in a 

relaxed and enjoyable atmosphere. In conclusion, in the classroom teaching of polymer chemistry 

courses, teachers should choose appropriate teaching methods and suitable educational technology 

tools to stimulate students' interest inthe subject, encourage active participation, and enhance learning 

outcomes. Through discussions, case analysis, group collaboration, online platforms, virtual 

laboratories, and educational games, teachers can create a dynamic and interactive learning 

environment that promotes students' understanding, application, and mastery of polymer chemistry 

concepts[4]. 

3.3. Course Evaluation System 

To ensure the quality of the polymer chemistry curriculum and assess students' learning outcomes, 

the establishment of an effective course evaluation system is essential. A well-designed course 

evaluation system provides feedback on the curriculum's effectiveness, identifies areas for 
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improvement, and helps gauge students' understanding and achievement. The course evaluation 

system should consist of both formative and summative assessments. **Formative assessments** are 

conducted throughout the course to monitor students' progress and provide feedback for learning 

improvement. These assessments can include quizzes, homework assignments, in-class exercises, and 

regular feedback sessions. Formative assessments allow students to identify their strengths and 

weaknesses, address misconceptions, and adjust their learning strategies accordingly. They also 

enable teachers to gauge students' comprehension levels and make timely adjustments to teaching 

methods and content. **Summative assessments**, on the other hand, are conducted at the end of the 

course to evaluate students' overall performance and achievement. These assessments can take the 

form of comprehensive exams, research projects, presentations, or practical demonstrations. 

Summative assessments provide a comprehensive evaluation of students' knowledge, skills, and 

application abilities acquired throughout the course. To ensure the validity and reliability of the course 

evaluation system, assessment methods should align with the course objectives, cover a broad range 

of topics, and reflect the complexity and diversity of polymer chemistry. Grading criteria should be 

transparent and communicated to students in advance, allowing them to understand how their 

performance will be evaluated. Moreover, feedback mechanisms should be established to provide 

students with constructive comments and suggestions for improvement. This feedback can be given 

through individual meetings, written reports, or online platforms, fostering students' reflective 

thinking and facilitating their continuous development. Additionally, student evaluations of the course 

and teaching effectiveness can also be included as part of the course evaluation system. By soliciting 

students' feedback on their learning experience, teaching methods, and course organization, teachers 

can gain valuable insights and make adjustments to enhance the curriculum. Overall, an effective 

course evaluation system should combine both formative and summative assessments, align with 

course objectives, provide transparent grading criteria, and incorporate feedback mechanisms. By 

implementing such a system, the quality of the polymer chemistry curriculum can be ensured, and 

students' learning outcomes can be accurately evaluated. In conclusion, the practice of polymer 

chemistry curriculum development encompasses various aspects, including textbook selection and 

design, laboratory teaching module design, classroom teaching methods and tools, and the 

establishment of a course evaluation system. By selecting suitable textbooks, designing engaging 

laboratory projects, employing effective teaching methods and educational technology tools, and 

implementing a comprehensive course evaluation system, the polymer chemistry curriculum can be 

designed to enhance students' learning experience, foster their comprehensive qualities and 

innovative abilities, and promote their understanding and application of polymer chemistry concepts 

in real-life situations[5]. 

4. Evaluation of the Effects of Teaching Reform Practice 

The evaluation of the actual effects of teaching reform is an important aspect of polymer chemistry 

curriculum development and educational reform. Through comprehensive evaluation of teaching 

reform practice, a better understanding of the achievements, issues, and potential areas for 

improvement in educational reform can be obtained. This section will be divided into the following 

three parts to provide a detailed analysis of the actual effects of teaching reform. 

4.1. Analysis of Teaching Experiment Results 

In the practice of teaching reform, it is first necessary to conduct an in-depth analysis of the results 

of teaching experiments. This includes evaluating aspects such as students' performance in 

experiments, the quality of experimental data, and the smoothness of the experimental procedures. 

By analyzing the results of teaching experiments, it is possible to assess whether students are able to 
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proficiently apply experimental skills and scientific methods, and whether they can correctly collect, 

analyze, and interpret experimental data. In addition, it is also possible to examine whether the 

experimental teaching process proceeds smoothly and whether there are potential safety issues or 

operational difficulties. Through a thorough analysis of the results of teaching experiments, aspects 

that require improvement and optimization in teaching reform practice can be identified. 

4.2. Evaluation of Student Learning Outcomes 

Evaluating students' learning outcomes is one of the key tasks in educational reform. This section 

will focus on assessing students' levels of knowledge, experimental skills, and overall qualities. 

Through regular exams, assignments, lab reports, and project evaluations, a comprehensive 

assessment of students' performance in the polymer chemistry course can be conducted. Assessing 

students' learning outcomes not only reflects the effectiveness of teaching reform but also helps 

schools and teachers better understand students' learning needs and issues. Furthermore, evaluating 

students' learning outcomes can provide data support for continuous improvement of the curriculum, 

ensuring that students can achieve the intended learning objectives[6]. 

4.3. Evaluation of Teacher's Teaching Effectiveness and Reflection 

Finally, evaluating the teaching effectiveness and reflection of teachers is an important aspect of 

educational reform. By collecting students' feedback and observing the teaching process of teachers, 

it is possible to assess their performance and influence in classroom teaching. This includes evaluating 

aspects such as teaching methods, the application of educational technology tools, interaction with 

students, and the ability to answer student questions. Reflecting on teachers' teaching effectiveness 

can provide further training and support to enhance their educational level. At the same time, teachers' 

reflection also helps identify problems and challenges in teaching reform practice, providing lessons 

and experiences for future educational reforms. Through comprehensive evaluation of teaching 

experiment results, student learning outcomes, and teacher's teaching effectiveness, a better 

understanding of the actual effects of polymer chemistry curriculum development and educational 

reform can be obtained, providing guidance and suggestions for further improvement. 

5. Conclusion 

The development of the polymer chemistry curriculum and educational reform is a complex and 

important task aimed at cultivating students' comprehensive qualities, practical application abilities, 

and innovative potential. This study, based on the "integration of theory, experiment, and application" 

teaching concept, has delved into the construction of the polymer chemistry curriculum and the 

practice of educational reform. By designing and implementing the curriculum development ideas, 

textbook design, laboratory teaching components, classroom teaching methods, and curriculum 

evaluation system, this study has demonstrated how to integrate theoretical knowledge, experimental 

skills, and practical cases to enhance students' learning experience and effectiveness. In the evaluation 

of the effects of teaching reform practice, we analyzed the results of teaching experiments, students' 

learning outcomes, as well as the teaching effectiveness and reflection of teachers. These evaluation 

results indicate that the construction of the polymer chemistry curriculum and educational reform, 

using the "integration of theory, experiment, and application" teaching concept, can effectively 

improve students' experimental skills, scientific thinking, and comprehensive qualities. Students have 

shown higher engagement and interest in the course and achieved satisfactory learning outcomes. 

However, we also recognize that there are still challenges and issues in educational reform. For 

example, the updating and optimization of textbooks, teacher education and training, and further 
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improvement of the curriculum evaluation system need to be given more attention and improvement. 

Educational reform is an ongoing process of development and improvement, requiring continuous 

reflection and adjustment to adapt to the changing educational needs and learning styles of students. 

In conclusion, the development of the polymer chemistry curriculum and educational reform is a 

challenging but hopeful task. Through the exploration and practice of this study, we have provided 

valuable experiences and insights for the future of polymer chemistry education. It is hoped that the 

findings of this study can provide useful references for the continuous improvement of the polymer 

chemistry curriculum and the development of educational reform, in order to cultivate more 

outstanding talents in the field of polymer chemistry and contribute to society and technological 

progress. 
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