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Abstract

The teaching of complex molecular biology concepts such as DNA replication in eukaryotes often poses
challenges for both students and educators. To address this, an innovative role-play method was employed
to facilitate learning among undergraduate students. A total of 50 students participated in this study, where
the entire process of eukaryotic DNA replication was taught through role play, allowing students to
actively embody and demonstrate the roles of enzymes and molecular components involved in replication.
Learning outcomes from this approach were then compared with outcomes derived from the traditional
lecture-based method. The results revealed that students who engaged in the role-play method showed
enhanced conceptual understanding, improved quality of learning, and a significant increase in test scores
compared to those taught by the traditional method. According to the study’s findings, the role-playing
approach significantly improves educational facilitation. This serves as a reminder that in order to
accommodate various student needs, educational practices should promote a range of teaching approaches
and methodologies that address diverse learning styles and requirements.
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Introduction

Pedagogical tools designed for targeted course content play a vital role in equipping students with diverse
skills. Thoughtful curriculum design and appropriate teaching strategies not only enhance learning but
also contribute to the advancement of educational systems worldwide. (Khedkar D., 2018) Students from
all disciplines experience similar outcomes from the role-playing practice. This could imply that the role-
play approach is a general teaching strategy that works with a variety of subject areas. This result could
encourage teachers to utilize this technique (Xinjian Fu., 2024). Conventional lectures place more
emphasis on teaching theoretical knowledge than they do on enhancing practical experience (Gregorius,
2017). This could cause a gap between theory and practice, making it difficult to apply what is taught to
real-world problem-solving situations (Zhang, 2021). The most crucial metric for assessing how well a
lesson is being taught is whether or not students are making progress (John et al., 2017., Lawson et al.,
2017). Here’s a refined version of your passage, keeping the meaning intact but making it smoother and
more academic. The first step in supporting students’ growth and development is to ensure that teachers
possess a clear and objective understanding of the learning process. Since teaching is not a one-
dimensional act and learning cannot be treated as irrelevant, it is essential that teachers recognize the
central role of the student. Educators must foster an approach rooted in the principle of ‘all for the

IJFMR250556090 Volume 7, Issue 5, September-October 2025 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

development of students,” thereby prioritizing student growth as the ultimate goal of education (Zhu,
2011).

Material and Methods

This study was conducted with a total of 50 undergraduate students to evaluate the effectiveness of role
play as a teaching strategy for explaining DNA replication in eukaryotes. The teaching intervention was
designed to encourage reflective teaching, promote student development and progress, generate teaching
gains, and foster innovative thinking in the classroom.

In the role play activity, students actively enacted the molecular processes of eukaryotic DNA replication.
Individual students were assigned specific roles corresponding to the components and enzymes involved
in replication. Nitrogen bases were represented by students forming the replication fork, while other
students took on the roles of essential enzymes, including helicase, topoisomerase, ligase, DNA
polymerase, and RNA primase. Additional students represented single-stranded binding (SSB) proteins,
emphasizing their stabilizing role during replication. This interactive enactment allowed students to
visualize and physically demonstrate the sequential and cooperative mechanisms of DNA replication.

To assess the effectiveness of this approach, the role play method was compared with the traditional
lecture-based teaching method. Students were first taught the topic using a traditional approach, followed
by a written test to assess their understanding. Later, the same cohort participated in the role play activity,
after which they completed a second test designed with similar difficulty and content coverage. The results
of both assessments were compared to evaluate differences in conceptual understanding, knowledge
retention, and overall student performance.

Results and Discussion

The role play method demonstrated a clear positive impact on student learning outcomes when compared
to the traditional lecture method. Out of 50 students, the average test score following the traditional method
was 56.8%, while the average score after the role play method increased significantly to 82.4%. This
marked improvement highlights the effectiveness of role play in enhancing both conceptual clarity and
knowledge retention. The majority of students who initially performed below average in the traditional
assessment showed notable progress after participating in the role play activity.

Reflective teaching played a central role in this process, as the teacher continuously adapted instructional
strategies to meet student needs. The role play method encouraged active participation, peer-to-peer
interaction, and collaborative learning. By embodying the roles of nitrogen bases forming the replication
fork and key enzymes such as helicase, topoisomerase, ligase, DNA polymerase, RNA primase, and
single-stranded binding proteins, students were able to connect theoretical knowledge with physical
representation, leading to deeper understanding.

The development and progress of students were evident not only in improved test scores but also in their
ability to describe DNA replication in their own words with greater accuracy and confidence. The activity
also enhanced essential soft skills, such as communication, teamwork, and critical thinking, which are
often overlooked in traditional lecture settings. Teaching gains were reflected in the teacher’s ability to
observe student engagement more directly and adapt feedback for future sessions.

Importantly, the role play activity fostered innovative thinking by transforming a complex molecular
process into a tangible and interactive learning experience. Students reported that visualizing and
physically enacting the replication steps helped them retain concepts more effectively than through passive
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learning. According to the findings, the role-playing approach significantly improves educational
facilitation. This serves as a reminder that, in order to accommodate various student needs, educational
practices should promote a range of teaching approaches and methodologies that address diverse learning
styles and requirements.

Following images showing the stepwise DNA replication in Eukaryotes with various enzymes by role play
method which involves the students.
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Fig-1: Students enacted as Nitrogen bases showing Coiled DNA
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Fig-3: Student as Helicase breaking the hydrogen bond in between two
nitrogen bases
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Fig-4: Replication fork is formed with exposed nitrogen bases
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Fig-5: SSB- single stranded binding protein binds to exposed nitrogen
bases to rigid the DNA

Fig-6: DNA polymerase strats replication by adding complimentary
nitrogen bases from 5’ to 3’ end
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Fig-7: Two identical double stranded DNA is produced

Comparison of Student Scores Before and After Role Play Method
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Fig- Graph showing score range before and after role play method

Conclusion

From the above research it is concluded that by encouraging students to evaluate their role-playing
experiences and relate them to theoretical knowledge, reflective education was incorporated into the
process. Additionally, the exercise aimed to encourage student growth by improving problem-solving,
teamwork, and communication skills. The capacity of students to explain the replication process in their
own terms was used to assess the effectiveness of the instruction in addition to better exam scores.
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Additionally, by encouraging students to use creative enactment to interact with complex chemical
processes, the technique encouraged inventive thinking and helped close the gap between theory and
practice.
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