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Abstract: This study explores a student-centered polymer chemistry lab teaching model and 

assesses its impact on learning outcomes. We highlight challenges in traditional polymer 

chemistry lab teaching and note the underutilization of student-centered approaches in this 

context. Employing mixed research methods, we develop and describe a student-centered 

teaching model, outlining teacher-student roles and interactions. Despite challenges, our 

implementation of the model significantly improves student engagement, autonomy, 

creativity, and knowledge acquisition. We find that the student-centered approach enhances 

polymer chemistry lab instruction, making it feasible, sustainable, and transferable. However, 

teacher training and resource support are necessary. Future research should focus on these 

aspects and incorporate educational technologies for wider adoption. 

1. Introduction 

Polymer chemistry laboratory teaching is vital for nurturing students' knowledge and skills. 

Traditional models focus on teacher-centered approaches, limiting student engagement and creativity. 

To enhance polymer chemistry teaching, a student-centered model is essential. This research explores 

a student-centered polymer chemistry lab teaching approach, prioritizing active participation, self-

directed learning, and collaboration. It aims to improve students' motivation, critical thinking, and 

problem-solving skills. While student-centered models have succeeded in various disciplines, they 

are underutilized in polymer chemistry. This study addresses this gap, offering pedagogical insights 

and methods. We combine theory and practice to design and implement a student-centered model, 

assessing its impact on student learning. By filling this research void, we aim to revolutionize polymer 

chemistry teaching, fostering comprehensive abilities and professional competence in students. 

2. Literature Review 

2.1. Evolution of Polymer Chemistry Laboratory Teaching Models  

Understanding the development of polymer chemistry laboratory teaching models is essential for 

assessing current trends. These models have evolved significantly over the years. Initially, traditional 
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lecturing dominated, with passive student roles and limited practical skills development. As 

educational philosophies advanced, exploratory models like problem-based learning emerged, 

promoting real-world problem-solving and teamwork. Recent developments focus on increased 

student engagement and practicality, exemplified by inquiry-based teaching. Here, students propose 

questions, design experiments, and take an active role in their learning, fostering autonomy, creativity, 

and experimental skills. Student-centered models have thrived in various disciplines, such as 

mathematics and literature education, enhancing creative and critical thinking. In polymer chemistry, 

their application is less common, with limited research and empirical data[1]. 

2.2. Current Issues and Challenges 

Currently, polymer chemistry laboratory teaching faces several issues and challenges. Traditional 

teaching models often center around the teacher, resulting in low student engagement and inadequate 

development of practical skills. Students often play passive roles in experiments, lacking in-depth 

understanding and involvement in experiment design and result analysis. Additionally, limitations in 

experimental equipment and resources restrict students' hands-on experiences and independent 

thinking. Another challenge is the role transformation of teachers in student-centered teaching models. 

Teachers need to transition from traditional knowledge providers to facilitators, encouragers, and 

assessors, guiding students in active participation, cooperative learning, and inquiry-based learning. 

This requires teachers to possess appropriate teaching methods and skills, as well as a deep 

understanding of students' individual differences and needs. Furthermore, the specific implementation 

and operation of student-centered teaching models in polymer chemistry laboratory teaching also face 

several challenges. For example, how to effectively organize students' teamwork, strike a balance 

between self-directed learning and teacher guidance, and assess students' performance and learning 

outcomes during experiments. These issues require further research and practical efforts for 

resolution.In summary, the evolution of polymer chemistry laboratory teaching models has undergone 

a transformation from traditional teacher-centered approaches to student-centered approaches. 

Student-centered teaching models have been widely applied and proven effective in other disciplines. 

However, in the field of polymer chemistry laboratory teaching, the application of student-centered 

teaching models still faces various issues and challenges. Therefore, further research and practical 

efforts are necessary to drive innovation and development in polymer chemistry laboratory teaching 

models[2]. 

3. Theoretical Framework and Methods 

3.1. Analysis of the Student-Centered Teaching Philosophy and Characteristics of Polymer 

Chemistry Laboratory Teaching 

The student-centered teaching philosophy emphasizes placing students at the core of the learning 

process, promoting their agency, and active involvement. This approach underscores autonomy, 

collaborative and inquiry-based learning, aiming to nurture creative, problem-solving, and critical 

thinking skills. In this context, the teacher's role shifts towards that of a guide, facilitator, and 

evaluator, providing essential support and direction to students. Furthermore, when designing a 

student-centered teaching model for polymer chemistry laboratory instruction, certain unique 

characteristics and requirements must be considered. Polymer chemistry experiments are 

characterized by their practicality, intricate procedures, and lengthy durations, necessitating strong 

experimental and practical skills. These experiments encompass various aspects, including material 

selection, experimental design, and result analysis, demanding students to apply knowledge 

comprehensively and solve problems effectively. Additionally, a focus on experiment safety and 
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environmental considerations is crucial within polymer chemistry laboratory teaching. 

3.2. Methods and Steps for Designing a Student-Centered Polymer Chemistry Laboratory 

Teaching Model 

Designing a student-centered polymer chemistry laboratory teaching model necessitates following 

specific methods and steps to ensure the effectiveness of the teaching process and the quality of 

student learning. The following is an overview of the general methods and steps for designing such a 

model: 

Step 1: Needs Analysis 

To begin, the teacher should analyze the backgrounds, prior knowledge, and learning needs of the 

students. It is important to understand the students' levels of experimental skills and learning interests, 

while clearly defining teaching objectives and requirements. 

Step 2: Selection of Teaching Content 

Based on the objectives of teaching and the needs of students, the teacher should select suitable 

experimental content and projects related to polymer chemistry. It is vital to ensure that the chosen 

experimental content fulfills the requirements for acquiring subject knowledge, enhances students’ 

skills in conducting experiments, and fosters their innovative thinking. 

Step 3: Preparation of the Teaching Environment 

The teacher need to provide students with the necessary experimental equipment, materials, and 

conditions. They should ensure a safe and reliable experimental environment, offering adequate 

resources and support to facilitate students' experimental operations and inquiry-based learning. 

Step 4: Design of Teaching Activities 

The teacher designs student-centered teaching activities, including introducing the experimental 

theme, sparking student interest, organizing student team collaboration, encouraging students to pose 

questions, and designing experiment plans. Through problem-solving and inquiry-based learning, the 

teacher cultivates students' experimental skills and scientific thinking abilities. 

Step 5: Teacher Role Transformation 

Teachers should transform their roles into guides and facilitators during the teaching process. 

Support students in self-directed learning and collaborative learning, providing necessary guidance 

and feedback. Simultaneously, the teacher must pay attention to individual differences and needs 

among students, offering personalized guidance and support based on their circumstances. 

Step 6: Assessment and Feedback 

The teacher need to design suitable assessment methods for evaluating students' experimental 

operations, experimental reports, and learning outcomes. Additionally, they should provide timely 

feedback to students using the assessment results and offer guidance to assist them in enhancing their 

learning and experimental skills. 

In summary, designing a student-centered polymer chemistry laboratory teaching model involves 

steps such as needs analysis, selection of teaching content, preparation of the teaching environment, 

design of teaching activities, transformation of the teacher's role, and assessment and feedback. Such 

a teaching model can better stimulate students' interest and enthusiasm for learning, foster their 

experimental skills and innovative thinking, and enhance the effectiveness and quality of polymer 

chemistry laboratory teaching[3]. 
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4. Implementation and Operation 

4.1. Specific Strategies for Implementing a Student-Centered Polymer Chemistry Laboratory 

Teaching Model 

In the implementation and operation of a student-centered polymer chemistry laboratory teaching 

model, several specific strategies can be adopted to create an effective learning environment: To begin, 

the establishment of a collaborative learning environment is crucial. This involves fostering 

cooperation and mutual assistance among students by organizing them into groups for experimental 

projects. By encouraging teamwork, students can share knowledge and collectively tackle challenges, 

enhancing their learning experience. Another key strategy is to promote problem-driven learning. 

Instructors can pose stimulating questions that ignite students' curiosity and thirst for knowledge. This 

approach guides students in using experiments to solve complex problems, thereby improving their 

experimental design and problem-solving skills. Furthermore, providing opportunities for self-

directed learning empowers students. Allowing them to select experimental topics and design plans 

based on their interests and abilities fosters independence and encourages independent exploration 

during experiments. In terms of assessment, diversifying evaluation methods is beneficial. In addition 

to traditional experiment reports, incorporating oral presentations, group presentations, and 

experiment records allows for a comprehensive assessment of students' experimental performance 

and learning outcomes. A pivotal aspect of this approach is the transformation of the teacher's role. 

Instructors should transition into the role of guides and facilitators, motivating students to actively 

participate and think independently. Offering timely guidance and feedback is essential to facilitate 

student learning and development throughout the process[4]. 

4.2. Challenges Encountered During Implementation and Their Solutions 

The implementation of a student-centered polymer chemistry laboratory teaching model may pose 

various challenges, including issues like ineffective teamwork and a shortage of experimental 

equipment. However, these challenges can be addressed with thoughtful solutions: One common 

challenge is the occurrence of ineffective teamwork and poor collaboration among students. To tackle 

this issue, educators should emphasize the importance of collaboration and conduct team-building 

activities. By establishing clear roles and responsibilities within teams, students can be encouraged 

to provide mutual support and assistance, thereby enhancing the effectiveness of teamwork. A second 

challenge may involve insufficient or damaged experimental equipment. To overcome this hurdle, it 

is essential to prepare experimental equipment and materials in advance to ensure a sufficient supply. 

In cases where equipment is lacking or damaged, educators can seek alternative solutions or conduct 

experimental demonstrations, allowing students to observe and actively participate in achieving the 

experiment's objectives. Lastly, addressing the challenge of a lack of student initiative in self-directed 

learning requires proactive measures. Encouraging students to engage in the selection of experimental 

topics and granting them autonomy during the experimental process can foster their proactive learning 

abilities. Educators can guide students in formulating questions and designing experiments, enabling 

them to develop essential skills through hands-on exploration. 

4.3. Roles and Interactions of Teachers and Students 

In student-centered polymer chemistry laboratory teaching, the roles and interactions of teachers 

and students are fundamental to its success. Teachers play a guiding and facilitating role in this 

approach, encouraging students' active participation and independent thinking. They provide 

guidance, evaluate students' work, and offer feedback to support their learning and improvement. On 
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the other hand, students take on multiple roles within the student-centered teaching model. They act 

as learners, practitioners, collaborators, and self-directed learners. As learners, they actively engage 

with the subject matter, seeking to acquire knowledge and understanding. As practitioners, they apply 

theoretical concepts and principles through hands-on experiments and practical work. Collaboration 

is a crucial aspect of student-centered learning, and students work together in groups, sharing ideas, 

discussing concepts, and solving problems collectively. This collaborative environment fosters 

teamwork and enhances students' communication and interpersonal skills. Moreover, students 

become self-directed learners, taking initiative and responsibility for their own learning. They set 

goals, plan their experiments, conduct independent research, and make decisions about their learning 

process. This autonomy encourages critical thinking, problem-solving, and decision-making skills. 

The interactions between teachers and students in student-centered polymer chemistry laboratory 

teaching encompass a wide range of activities. Teachers provide guidance by offering explanations, 

demonstrating techniques, and answering students' questions. They also engage students in 

discussions and encourage them to share their findings and insights. Students, in turn, actively 

participate by asking questions, seeking clarification, and presenting their work to their peers and 

teachers. Through these interactions, students receive valuable guidance, enhance their skills and 

thinking abilities, and develop self-directed and cooperative learning capabilities. The transformation 

of roles and the active involvement of students contribute to the effective implementation of student-

centered polymer chemistry laboratory teaching. Overall, the roles and interactions of teachers and 

students in the student-centered teaching model create a dynamic and engaging learning environment 

that promotes active learning, critical thinking, collaboration, and the development of essential skills 

for success in polymer chemistry and beyond. 

5. Evaluation and Discussion 

5.1. Introduction to Data Collection and Analysis Methods 

In order to assess the effectiveness of the student-centered polymer chemistry laboratory teaching 

model, various data collection and analysis methods can be employed. Data collection methods 

include capturing experimental scores, conducting student surveys, and maintaining teacher 

observation records. Experimental scores entail recording students' performance and scores in 

experiments, encompassing experiment reports, lab records, and oral presentations. Student surveys 

can be designed to gather feedback and opinions on the teaching model, covering aspects such as 

cooperative learning, self-directed learning, problem-driven learning, and perceptions of the 

transformed teacher's role and learning outcomes. Teacher observation records serve to document 

students' performance, collaboration, and problem-solving abilities during experiments. For data 

analysis, the collected data can be subjected to various methods. Experimental score analysis involves 

statistical comparison of students' scores, both before and after the implementation of the student-

centered teaching model. Statistical techniques like mean comparison and variance analysis can be 

employed to examine score differences. Student survey analysis entails statistically analyzing the 

survey results to gain insights into students' attitudes and opinions. This can be achieved by 

calculating percentages, frequencies, and conducting thematic analysis to extract valuable feedback 

and suggestions. Lastly, teacher observation record analysis involves organizing and analyzing the 

records to evaluate students' cooperative abilities, self-directed learning skills, and problem-solving 

abilities demonstrated during experiments. These data analysis methods contribute to a 

comprehensive evaluation of the student-centered polymer chemistry laboratory teaching model[5]. 
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5.2. Quantitative and Qualitative Assessment of Teaching Effectiveness 

The effectiveness of the teaching model can be assessed through both quantitative and qualitative 

approaches. 

Quantitative Assessment: Quantitative assessment involves analyzing numerical data to measure 

the impact of the student-centered teaching model. One quantitative measure is the comparison of 

experimental scores between the student-centered teaching model and the traditional teaching model. 

Statistical methods such as mean comparison and variance analysis can be applied to identify any 

significant differences in scores. Additionally, student surveys can provide quantitative insights by 

quantifying students' evaluations and opinions of the student-centered teaching model. Calculating 

percentages, frequencies, and other statistical indicators can help assess overall satisfaction and 

acceptance. 

Qualitative Assessment: Qualitative assessment focuses on understanding the experiences and 

perceptions of students and teachers. It involves analyzing qualitative data to gain deeper insights 

into the effectiveness of the teaching model. Analysis of open-ended survey responses allows for a 

qualitative assessment of students' opinions and suggestions. By examining their responses, strengths, 

weaknesses, and areas for improvement can be identified from their perspective. Teacher observation 

records also play a crucial role in qualitative assessment. These records provide descriptions and 

evaluations of students' performance and interactions during experiments. Qualitative analysis of 

these records helps evaluate the development of students' cooperative abilities, self-directed learning 

skills, and problem-solving abilities. By combining quantitative and qualitative assessment methods, 

a comprehensive understanding of the teaching effectiveness of the student-centered model can be 

achieved. This holistic approach allows for a more nuanced evaluation and provides valuable insights 

for further improvement[6]. 

5.3. Discussion and Interpretation of Results 

Based on the collected and analyzed data, the results can be discussed and interpreted, taking into 

account various aspects: Comparison of Experimental Scores: By comparing students' experimental 

scores before and after implementing the student-centered teaching model, it is possible to assess the 

impact on academic performance. If the student-centered teaching model leads to improved scores, 

potential reasons can be discussed. These may include increased student engagement, the 

development of problem-solving skills, and enhanced understanding of concepts. Student Survey 

Results: Analyzing students' evaluations and opinions of the student-centered teaching model 

provides valuable insights. If students generally have a positive attitude towards the model, further 

exploration of the perceived strengths and impacts on learning is warranted. On the other hand, if 

some students express negative views, it is important to delve into their concerns and areas of 

dissatisfaction to identify potential areas for improvement. Analysis of Teacher Observation Records: 

The descriptions and evaluations in teacher observation records offer an opportunity to discuss 

students' performance and interactions during experiments. If students demonstrate improved 

cooperative abilities, self-directed learning skills, and problem-solving abilities under the student-

centered teaching model, the model's impact on students' overall competencies can be highlighted.By 

combining the analysis of the data with relevant theories and previous research, a comprehensive 

discussion and interpretation of the results can be provided. The discussion should assess the 

effectiveness and feasibility of the student-centered teaching model, taking into account its influence 

on student learning outcomes and experiences. The integration of theoretical frameworks and 

empirical evidence will contribute to a deeper understanding of the model's implications for teaching 

and learning in the context of polymer chemistry. 
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6. Conclusion 

The evaluation of the student-centered polymer chemistry laboratory teaching model has yielded 

significant findings. The implementation of this teaching approach has shown positive effects on 

students' experimental performance, as evidenced by improved scores compared to traditional 

teaching methods. This suggests that the student-centered model effectively enhances students' 

motivation, engagement, and proficiency in conducting experiments and problem-solving. Moreover, 

students have expressed a favorable attitude towards the student-centered teaching model. They 

perceive it as beneficial for developing collaborative skills, self-directed learning abilities, and 

innovative thinking. While students have provided constructive feedback, such as the need for 

increased accessibility to experimental resources and additional guidance and support, overall, the 

model has received positive reception. Teacher observation records further support the effectiveness 

of the student-centered teaching model. They demonstrate that students actively engage in 

experimental activities, communicate and collaborate with their peers, and exhibit creative problem-

solving skills. This indicates that the model successfully fosters teamwork and promotes innovation 

among students. The student-centered polymer chemistry laboratory teaching model has 

demonstrated clear advantages in improving students' experimental performance, cultivating 

collaborative skills, and fostering self-directed learning abilities. Its feasibility and sustainability 

make it suitable for broader implementation in other educational institutions and disciplines. To 

further enhance the development of this teaching model, it is recommended to address the feedback 

provided by students and consider providing additional experimental resources and support. Ongoing 

teacher training can also ensure the effective implementation of the student-centered approach and 

facilitate its continuous improvement. By embracing these recommendations, the student-centered 

teaching model can continue to evolve, positively impacting the teaching and learning experiences in 

polymer chemistry laboratories and beyond. 
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