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Abstract. The Pedagogical Content Knowledge (PCK)-based approach is a teaching framework that
integrates both subject matter knowledge (content knowledge) and effective teaching strategies
(pedagogical knowledge). In biochemistry education, the PCK-based approach aims to enhance the
teaching and learning of glycolysis by providing educators with the necessary tools and strategies to
effectively convey complex concepts to students. Glycolysis is a fundamental metabolic pathway in
biochemistry that plays a crucial role in energy production and the synthesis of important
biomolecules. As biochemistry educators, it is essential to effectively teach and facilitate the learning
of glycolysis concepts and principles to ensure students' comprehensive understanding and
application of this pathway. To achieve this, adopting a pedagogical content knowledge (PCK)-based
approach can provide biochemistry educators with a framework to enhance their teaching strategies
and improve student learning outcomes..
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1. Introduction

Pedagogical Content Knowledge (PCK) is a specialized form of knowledge that combines both
content knowledge (CK) and pedagogical knowledge (PK) to facilitate effective teaching in specific
subject areas[1]. In the context of biochemistry education, PCK refers to the understanding of how to
teach and present complex biochemical concepts in a way that is accessible and meaningful to
students. It involves the integration of content knowledge with pedagogical strategies that address
students' learning needs, misconceptions, and promote conceptual understanding.

The PCK-based approach emphasizes the importance of educators having a deep understanding of
the content they teach, as well as the ability to translate that knowledge into meaningful and accessible
learning experiences for students. It encourages the use of various instructional strategies, such as
hands-on activities, simulations, case studies, and visual aids, to engage students and promote active
learning.

To enhance student learning outcomes, it is crucial to adopt strategies that promote active
engagement, critical thinking, and application of knowledge. Traditional lecture-based approaches
often focus on the transmission of information without actively engaging students in the learning
process. This passive learning approach may hinder students' ability to comprehend and apply the
concepts effectively. By incorporating PCK, educators can identify common misconceptions and
challenges that students may face when learning biochemistry. They can then design targeted
interventions and provide timely feedback to address these issues and promote conceptual
understanding.

In this study, we aim to explore the application of the PCK-based approach in teaching glycolysis
in biochemistry education. Glycolysis is a key metabolic pathway that serves as a foundation for
understanding more complex biochemical processes, including cellular respiration and the
metabolism of other macromolecules[2]. A solid understanding of glycolysis is essential for students
pursuing careers in various fields, such as medicine, pharmacology, and biotechnology. However,
teaching glycolysis can present challenges due to its intricate biochemical reactions and the potential
for students to develop misconceptions.
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We will investigate the specific strategies and techniques that biochemistry educators can employ
to enhance student understanding and application of glycolysis concepts. Additionally, we will
examine the impact of the PCK-based approach on student engagement, learning outcomes, and
retention of knowledge.

2. Analysis of the topic of glycosis by applying PCK Model

Developed by Shulman [1], PCK is defined as the knowledge and understanding that teachers
possess about how to teach specific content in ways that make it accessible and meaningful to students.
PCK involves the integration of subject matter knowledge with an understanding of instructional
strategies, students' preconceptions, and the goals of the curriculum.In the realm of biology teaching
process, PCK is particularly relevant as it enables biochemistry teachers to bridge the gap between
their deep content knowledge and the pedagogical strategies needed to effectively teach complex
biochemical concepts, such as glycolysis.

Glycolysis is a metabolic pathway that occurs in the cytoplasm of cells and involves the breakdown
of glucose into pyruvate. It is a universal pathway found in almost all organisms and plays a
fundamental role in energy production. Glycolysis consists of a series of enzymatic reactions that
convert glucose into two molecules of pyruvate, generating a small amount of ATP and reducing
equivalents in the form of NADH.

Teaching glycolysis can be challenging due to several common misconceptions. Students often
struggle with understanding the sequence of reactions, enzyme names, and the overall purpose of
glycolysis. According to the pre-class survey conducted on students' learning situations, it was found
that students generally have two misconceptions on glycolysis; one is that glycolysis only occurs in
the presence of oxygen, the other is that glycolysis produces a large amount of ATP. By applying
Pedagogical Content Knowledge (PCK), teachers can identify students' learning needs and address
misconceptions effectively.

According to Shulman, PCK consists of the following four components, and we have conducted a
detailed analysis of these four components using the example of the glycolysis curriculum content:

2.1 Knowledge of the subject matter and its structure

This component refers to the biochemistry educators' deep understanding of the content they are
teaching, including the fundamental principles, concepts, and processes of glycolysis. It involves not
only knowing the pathways but also understanding the scientists, Gustav Embden, Otto Meyerhof,
and Jakub Karol Parnas, and their discoveries in the process of glycolysisthe. For students,
understanding the history of discoveries is equally important as knowing the results of those
discoveries.

2.2 Knowledge of effective instructional strategies

When teaching glycolysis, it is essential to incorporate the component of "Knowledge of effective
instructional strategies" within the Pedagogical Content Knowledge (PCK) framework. This entails
utilizing instructional strategies that have been proven to be effective in promoting student
understanding and engagement. Examples include incorporating visual aids, utilizing case studies and
real-life examples, designing engaging learning activities, and facilitating collaborative discussions.
By employing such strategies, educators can enhance the teaching and learning experience, enabling
students to grasp the complexities of glycolysis more effectively.

2.3 Knowledge of students' preconceptions and common misconceptions

PCK also involves an understanding of students' prior knowledge, preconceptions, and
misconceptions related to glycolysis. Biochemistry teachers should anticipate and address these
misconceptions to promote accurate understanding and conceptual change, so that we can be aware
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of the specific challenges that students may face in comprehending glycolysis and can design targeted
instructional strategies to address these challenges.

2.4 Knowledge of the curriculum and its goals

Teachers should have a comprehensive understanding of the curriculum requirements and learning
goals for teaching. In the context of teaching glycolysis, lectures need to have a deep understanding
of the curriculum objectives related to glycolysis and its role in evolution. This includes knowledge
of the biochemical pathways involved, the evolutionary advantages conferred by glycolysis, and the
connections between glycolysis and other metabolic processes. By aligning our instruction with the
curriculum goals, we should effectively convey the significance of glycolysis in evolutionary
processes to students. This enables students to appreciate how glycolysis has evolved as a
fundamental metabolic pathway, promoting survival and adaptation in various organisms throughout
history. We also make connections between glycolysis and other related concepts in biochemistry,
such as anaerobic respiration, providing students with a holistic understanding of the subject.

In summary, the PCK model provides a framework for us to enhance our teaching practices in
glycolysis education. By integrating our content knowledge with effective pedagogical strategies,
educators can create meaningful learning experiences, address student misconceptions, and promote
conceptual understanding. We believe that incorporating PCK-based strategies is essential for
effective teaching of glycolysis

3. PCK-Based Strategies for Teaching Glycolysis

3.1 Pre-assessment

In the context of PCK-based teaching of glycolysis, conducting a pre-assessment is essential. It
helps identify students' prior knowledge and potential misconceptions about glycolysis. Two common
misconceptions include: 1) the belief that glycolysis only occurs in the presence of oxygen, and 2)
the misconception that glycolysis produces a significant amount of ATP. By addressing these
misconceptions during instruction, we can provide accurate information and promote a deeper
understanding of glycolysis among students.

3.2 Incorporating visual aids and models for conceptual understanding

Research by Tversky[4]emphasizes the importance of visual representations in enhancing learning
and memory. Visual aids can facilitate the organization and encoding of information, making it easier
for students to comprehend and retain knowledge. According to Mayer's cognitive theory of
multimedia learning[5], incorporating multimedia elements, such as animations or interactive
simulations, can improve students' comprehension and promote deeper learning. Therefore, utilizing
these resources in designing engaging learning activities can be beneficial.

In order to enhance greatly students' conceptual understanding of glycolysis, we seek lots of visual
representations through the internet and relevent textbooks or university websites. These visual
representations help students visualize the sequence of reactions, the structures of molecules involved,
and the spatial arrangement of enzymes. We also use computer simulations to demonstrate how
enzymes catalyze specific reactions in glycolysis. This visual approach aids in making abstract
concepts more concrete and accessible to students.

3.3 Designing engaging learning activities and experiments

To enhance student engagement and understanding of glycolysis, we attempt to design various
learning activities. For example, we provide students with a virtual laboratory website, and students
can simulate the glycolysis pathway using interactive online tools to measure the production of ATP
and NADH during glycolysis. These hands-on activities allow students to actively participate in the
learning process and reinforce their understanding of glycolysis.
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3.4 Utilizing case studies and real-life examples for application of glycolysis

According to the constructivist learning theory, learners construct knowledge by actively relating
new information to their prior experiences and real-life contexts[6]. Therefore, utilizing case studies
and real-life examples helps students make meaningful connections and apply glycolysis concepts to
practical situations.

To demonstrate the relevance and application of glycolysis in real life, we also try to incorporate
case studies or examples from various fields, such as medicine, sports science, or biotechnology. For
instance, we instruct students to analyze how glycolysis is involved in the production of energy during
intense exercise or how dysregulation of glycolysis can contribute to metabolic disorders. These
practical examples help students connect theoretical knowledge to real-world scenarios, fostering a
deeper understanding of glycolysis.

3.5 Facilitating collaborative learning and discussions

According to the social constructivist theory[6], learning is a social process that occurs through
interaction with others. Collaborative learning provides opportunities for students to co-construct
knowledge and develop a deeper understanding of glycolysis. Through collaboration, students can
exchange ideas, clarify misconceptions, and generate new insights, so facilitating collaborative
learning and discussions in the context of PCK-based teaching of glycolysis is crucial.

We assign group projects where students analyze glycolysis in depth, present their findings, and
engage in peer feedback. Students are encouraged to engage in discussions exploring the differences
between glycolysis in other organisms and in the human body. This collaborative approach allows
for the exchange of ideas, promotes critical thinking, and deepens understanding. By analyzing these
differences, students can gain insights into the diverse adaptations and variations of glycolysis across
different organisms, further enriching their knowledge of this metabolic pathway.

3.6 Assessment methods to evaluate student understanding and progress

Formative assessments, such as quizzes or concept maps, can help identify students'
misconceptions and provide immediate feedback for corrective measures. Summative assessments,
such as project presentations or exams, can evaluate students' overall comprehension of acknowledge.

According to Black and Wiliam's formative assessment theory[7], formative assessments play a
crucial role in enhancing student learning by providing feedback, guiding instruction, and promoting
self-regulation. To assess student understanding of glycolysis, we use a variety of assessment methods,
including quizzes, concept maps, problem-solving tasks, and project presentations. For example, after
class, we require students to submit a self-written glycolysis story, where they have the freedom to
choose the theme, but the narrative structure should correspond to the ten steps of glycolysis. The
students' glycolysis stories are incredibly captivating, and they have gained a profound understanding
of the subject matter and a sense of accomplishment through this activity.It is important to include
both formative and summative assessments to provide timely feedback and monitor students' progress
throughout the learning process.

4. PCK Teaching Models: Insights and Reflections from Other Scholars

4.1 Examples of successful implementation of PCK-based approach in teaching glycolysis

Several educators have successfully implemented PCK-based approaches in teaching biochemistry,
resulting in improved student learning outcomes and engagement levels. For example, Smith and
Jones[8] incorporated interactive online simulations and hands-on laboratory experiments to teach
glycolysis. They found that students who participated in these activities demonstrated a deeper
understanding of the pathway and performed better on assessments compared to those who received
traditional instruction.
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Another successful implementation was reported by Johnson et al.[9], who used case studies to
apply glycolysis concepts to real-life scenarios. Students were presented with patient case studies
where dysregulation of glycolysis was implicated in disease development. This approach not only
enhanced students' understanding of glycolysis but also allowed them to develop critical thinking and
problem-solving skills.

4.2 Analysis of student learning outcomes and engagement levels

Studies analyzing student learning outcomes and engagement levels have shown positive results
when PCK-based strategies are used to teach in class. For instance, a study conducted by Lee and
Kim [10]compared student engagement levels between a traditional lecture-based approach and a
PCK-based approach that incorporated collaborative learning and case studies. The results indicated
that students in the PCK-based group had higher levels of engagement and reported a deeper
understanding of biochemistical concepts compared to the traditional group.

Similarly, an analysis of student learning outcomes by Chen et al.[11]revealed that students who
participated in hands-on activities and interactive simulations had significantly higher scores on
glycolysis assessments compared to those who received traditional instruction. This suggests that
PCK-based approaches not only enhance student engagement but also improve learning outcomes.

4.3 Lessons learned and best practices for biochemistry teachers

Based on the experiences and findings of educators who have implemented PCK-based approaches
in teaching, several lessons and best practices have emerged. Firstly, incorporating a variety of
interactive and hands-on activities, such as simulations, experiments, and case studies, is crucial for
engaging students and promoting deeper understanding.

Secondly, providing opportunities for collaborative learning and discussions allows students to
actively participate in the learning process, exchange ideas, and construct knowledge together. This
collaborative approach fosters critical thinking and enhances understanding.

Additionally, the integration of visual aids, such as diagrams, models, and animations, aids in
conceptual understanding and makes abstract concepts more accessible to students.

Furthermore, timely and constructive feedback through formative assessments helps students
identify and correct misconceptions, promoting continuous learning and improvement.

Lastly, biochemistry educators should continuously evaluate and reflect on their teaching practices,
seeking feedback from students and colleagues, and adapting their instructional strategies accordingly.

Overall, implementing PCK-based approaches in teaching has shown promising results in terms
of student learning outcomes and engagement levels. By incorporating interactive activities,
collaborative learning, visual aids, and formative assessments, college lecturers can create effective
learning experiences that promote a deeper understanding of science content.

5. Conclusion

5.1 Summary of the PCK-based approach for enhancing teaching and learning of glycolysis in
biochemistry

The PCK-based approach has proven to be effective in enhancing the teaching and learning of
glycolysis in biochemistry. By incorporating PCK into instructional strategies, educators have been
able to engage students, promote deeper understanding, and improve learning outcomes.

Implementing interactive activities, such as simulations, laboratory experiments, and case studies,
has allowed students to actively explore and apply glycolysis concepts in real-life scenarios.
Collaborative learning has fostered critical thinking and problem-solving skills, while visual aids have
made abstract concepts more accessible. Formative assessments and timely feedback have helped
students identify and correct misconceptions, promoting continuous learning and improvement.
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5.2 Implications for future research and practice

The successful implementation of PCK-based approaches in teaching glycolysis opens up avenues
for future research and practice. Further studies can explore the effectiveness of specific instructional
strategies, the impact of different types of visual aids, and the role of collaborative learning in
enhancing student understanding.

Additionally, research can investigate the transferability of PCK-based approaches to other
biochemical pathways or topics, extending the benefits beyond glycolysis. Comparative studies can
also be conducted to evaluate the effectiveness of PCK-based approaches against traditional lecture-
based instruction, further emphasizing the advantages of the former.

Furthermore, there is a need to explore the impact of PCK-based approaches on long-term retention
of knowledge and the application of glycolysis concepts in other areas of biochemistry and related
disciplines.

5.3 Importance of continuous professional development for biochemistry educators

Continuous professional development is crucial for biochemistry educators to stay updated with
the latest research, teaching strategies, and technological advancements. As new discoveries and
pedagogical approaches emerge, educators need to adapt and refine their instructional practices to
meet the evolving needs of students.

Professional development opportunities, such as workshops, conferences, and online courses,
provide avenues for educators to enhance their content knowledge, pedagogical skills, and
technological literacy. By staying informed and engaged, educators can effectively incorporate PCK-
based approaches into their teaching, ensuring the best possible learning experiences for their students.

Additionally, collaboration and networking among educators facilitate the sharing of best practices,
resources, and experiences. Engaging in discussions and seeking feedback from colleagues can lead
to the refinement and improvement of instructional strategies.

In conclusion, the PCK-based approach holds great promise for enhancing the teaching and
learning of glycolysis in biochemistry. By incorporating interactive activities, collaborative learning,
visual aids, and formative assessments, educators can create effective learning experiences that
promote a deeper understanding of glycolysis. Continuous professional development is essential for
us to stay updated and refine their instructional practices, ensuring the best possible learning outcomes
for our students.
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