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Abstract: Understanding scientific concepts such as atoms, molecules, cells, and biochemical
processes can be challenging due to their abstract nature. Proteins, which provide structural
and functional roles in skin, hair, muscles, hormones, enzymes, and various body parts,
represent these challenges. Fundamental learning of the central dogma of protein synthesis
(transcription and translation) is particularly difficult because proteins are small, invisible,
and complex molecules. In addressing this issue, PolyTrans learning kit assists in transform
the conceptual understanding of transcription and translation into a tangible, visual, and
hands-on activity. The PolyTrans Kit is an affordable, attractive, mobile, user-friendly, and
replicable educational tool. It includes colourful components of protein synthesis, secured by
magnetic and strap fasteners. Additionally, an interactive Augmented Reality (AR) feature
allows students to visualize and engage with an invisible process, enhancing their overall
learning experience. This kit aims to provide an effective, enjoyable, and engaging experience
for students, enhancing their interaction with the subject matter. By doing so, it fosters a deeper
and more permanent understanding through dynamic participation. The effectiveness of the
PolyTrans Kit was evaluated using a quasi-experimental design. Students were divided into
two groups: one using conventional teaching methods and the other using the PolyTrans Kit.
Levene's test confirmed the assumption of homogeneity of variance between the groups. The
Independent Sample t-Test results indicated a statistically significant difference in biology test
scores between the groups (t(33) = -3.18, p < 0.05). Specifically, the mean score of students
using the PolyTrans Kit (mean = 84.5) was higher than that of students taught with
conventional methods (mean = 76.8). In summary, the significant difference scores between
the groups of students indicate PolyTrans shows an efficacy in fostering students understanding
in protein synthesis learning
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1. Introduction

Scientific concepts are often very abstract and difficult to understand as in a form of atom,
molecule, cell and biochemical processes. Fundamental on central dogmatic of protein
synthesis (transcription and translation) are challenging process as proteins are particularly
small, not visible and complex molecule (Guzman & Bartlett, 2012). It is often to be poorly
understood which always led to students’ misconception, (Fisher, 1985; Guzman & Bartlett,
2012). The difficulties often challenge of mastering specialized terminology and concepts.
Traditional teaching methods may not fully address these issues too, resulting in gaps in
students' knowledge and comprehension. Traditional instructional methods, which rely heavily
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on theoretical lectures and passive learning, may fail to adequately engage students and provide
them with practical, hands-on experiences essential for understanding biochemical principles.
As a result, there is a pressing need for innovative educational tools that can bridge the gap
between theoretical knowledge and practical application in polypeptide synthesis education.
Moreover, the COVID-19 pandemic has worsened these challenges by disrupting traditional
classroom settings and demanding the adoption of remote and blended learning approaches.
This gap highlights the necessity for innovative educational tools that can enhance students’
understanding and retention of complicated biological processes. Theoretically, protein
synthesis process is able to be explained through alternative resources, however, it is still
difficult to be imagined as it is untouchable at micro level. Thus, PolyTrans, a comprehensive
tool, offers a solution in helping students to overcome learning obstacles and improve the gap
of complex processes in protein synthesis. This research aims to explore the effectiveness of
PolyTrans in measuring students' understanding on protein synthesis. PolyTrans learning kit is
reinforced with an interactive Augmented Reality (AR) to enable the visualization of
transcription and translation process into a real interactive and hands-on activity to be more
effective, meaningful, focus and tangible ways of learning (Davenport et al., 2017; Nurul” ain
Fitri etal., 2022). Thus, addressing these challenges the development of PolyTrans: Polypeptide
Synthesis Learning Kits, offers student an experiential learning opportunity in biology and
biochemistry with a better understanding and proficiency in polypeptide synthesis learning
concepts. Therefore, to address this gap, the research objectives are to:

i. Develop PolyTrans: Polypeptide Synthesis Learning Kit.

ii. Conduct a study to measure the efficacy of PolyTrans Learning Kit in fostering students

understanding in protein synthesis learning process.

Theories and Frameworks to Complement the Quasi-Experimental Design

This research framework integrates the constructivist learning theory, the ADDIE model, and
the quasi-experimental design systematically to investigate the impact of PolyTrans on student
learning in protein synthesis topic. A development of a plan to integrate PolyTrans into teaching
and learning is designed for a specific learning activities, assessments and action research study
base on quasi-experimental design, on the selection of control and experimental groups. A
formative evaluation throughout the implementation phase shall be conducted to evaluate the
summative evaluations using pre-test and post-test data to measure learning outcomes. The data
gain shall be tabulated to compare the performance of the control and experimental groups for
reflection on the findings and for making a necessary adjustment.

A quasi-experiment is a research design rather than a theory or framework. It is used to evaluate
the impact of an intervention by involving selecting groups, upon which a variable is tested. In
this study, a quasi-experimental design is based on nonequivalent groups (Campbell & Stanley,
1996) and does not involve random selection of respondents (Fraenkel & Wallen, 2008; Lim,
2007) is to assess the efficacy of PolyTrans in teaching protein synthesis involving two groups
of students: one group using traditional teaching methods (control group) and another group
using PolyTrans as a supplementary tool (experimental group). Pre-tests and post-tests will be
administered to both groups to measure their understanding of protein synthesis before and
after the intervention. This design is also frequently used in studies examining the effectiveness
of a teaching method, module, or program in various situations where true experimental design
cannot be used, especially in real-world settings in colleges or schools (Asmah, 2008; Chua,
2006; Gribbons & Herman, 1997; Mok, 2009; Newman, 1991).

Constructivist learning theory suggests that learners actively construct their own understanding
and knowledge through experiences and reflections (Harasim, 2018). This theory emphasizes
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the importance of engaging students in activities that require them to interact with content,
solve problems, and apply what they have learned in meaningful contexts. In the context of
protein synthesis, constructivist approaches can involve simulations, interactive tools, and
collaborative projects that allow students to explore and understand the process in a hands-on
manner. PolyTrans is a tool that supports active learning and helps students construct their
knowledge by providing real-time enhancing comprehension of protein synthesis during the
learning process (Powell & Kalina, 2009).

ADDIE Model provides a systematic approach to instructional design and ensures that each
phase of the process is thoroughly addressed. The ADDIE Model, known for its flexibility,
allows teachers to adapt to the varying needs of their students. Additionally, it is highly suitable
for incorporating technology, which is considered a crucial aspect of modern education
(Gayosso Mexia et al., 2017). The ADDIE model (Analyze — Design — Develop —
Implement — Evaluate) is a widely-used instructional design approach for creating effective
learning experiences. Historically, numerous learning activities have been developed using the
ADDIE framework model (Lee et al., 2024). ADDIE instructional design framework guides
the process of creating effective educational framework for this research by systematically
integrate PolyTrans into teaching and learning process, from analyzing the needs to evaluating
the outcomes.

2. Methodology

Participants and Setting

This study utilized a quasi-experimental non-equivalent groups design to evaluate the
effectiveness of the PolyTrans Learning Kit on students' understanding of polypeptide synthesis
which is a part of the pre-university Biology subject. Given the constraints of educational
settings where random assignment is often impractical, this design was deemed suitable to
assess the impact of an educational intervention in a controlled environment. The research was
conducted with a total of 64 pre-university students enrolled in a biology course at a MARA
College in Malaysia. These students were purposively divided into two groups: a control group
(n = 33), which followed the conventional lecture-based approach, and an experimental group
(n=31), which was exposed to the PolyTrans Learning Kit. The selection was based on existing
class groupings to maintain the natural educational context and minimize disruption to regular
academic schedules.

Research Design and Procedure
The study was structured into three distinct phases to systematically assess the impact of the
intervention:

I. Pre-Test (T1) Administration:
Prior to the intervention, both the control and treatment groups underwent a pre-test to gauge
their baseline understanding of protein synthesis, specifically focusing on the processes of
transcription and translation. The test is using a set of standardized test questions designed to
evaluate students' foundational knowledge and conceptual grasp of the topic.

ii. Intervention with PolyTrans Learning Kit (X1):
The experimental group participated in a one-week instructional session utilizing the PolyTrans
Kit. This kit comprises physical models, colorful magnetic components, and an integrated
Augmented Reality (AR) feature to facilitate the visualization of molecular processes. Students
in this group engaged in hands-on activities, group discussions, and AR simulations to explore
the mechanisms of transcription and translation.
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In contrast, the control group continued their learning through traditional methods, which
primarily involved lectures, textbook readings, and instructor-led explanations without any
interactive tools or supplementary aids.

iii. Post-Test (T2) Evaluation:

After the one-week intervention, both groups were administered a post-test identical to the pre-
test to assess any changes in their comprehension levels. The objective was to measure the
extent to which the PolyTrans Kit influenced students' learning outcomes compared to
conventional teaching approaches.

Data Collection and Analysis

Quantitative data were collected through pre-test and post-test scores and analysed using IBM

SPSS Statistics Version 27. The statistical analysis comprised:

e Descriptive statistics to compare mean scores before and after the intervention within each
group.

e Inferential statistics through an Independent Sample t-Test to determine whether the
observed differences between the groups were statistically significant.

e The Shapiro-Wilk test was employed to check for normality in the distribution of the test
scores, while visual assessments such as Q-Q plots and boxplots confirmed that the data
adhered to the assumptions required for parametric testing.

Additionally, qualitative data were gathered through focus group interviews conducted with a
subset of students from the treatment group. A total of 12 students participated in semi-
structured interviews to provide deeper insights into their experiences using the PolyTrans Kit.
Thematic analysis was applied to the interview transcripts to identify key themes related to
student engagement and conceptual understanding. The feedback from the focus group
interviews underwent a six-stage analysis process (Braun & Clarke, 2006), which included
recording the respondents' conversations, transcribing verbatim, familiarizing, coding, storing,
and converting to themes.

3. Results and Discussions

The findings from both the quantitative and qualitative analyses are discussed in detail below,
with a focus on interpreting the implications for educational practice.

I. Quantitative Analysis: Improvement in Learning Outcomes.
The quantitative results revealed a clear and statistically significant improvement in the
comprehension levels of students who used the PolyTrans Kit compared to those who followed
conventional instructional methods.

Descriptive Analysis
Table 2: Mean Pre-Test and Post-Test Scores for Control and Treatment Groups.

Control Group Treatment Group
Mean Test Score (%) Changes Mean Test Score (%) Changes
Pre Post Pre Post
72 77 +5 70 85 +15

Through descriptive statistical analysis, it was found that the treatment group's mean
achievement increases of 15% was higher than the control group's increase of 5%. However,
these findings cannot be accepted and confirmed solely by referring to descriptive statistical
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analysis (Mohd Yusri, 2010). Therefore, inferential statistical analysis (independent samples t-
test) was used to confirm whether there was a significant difference in the increase in
achievement levels between students in the treatment group and those in the control group. This
study employed an independent samples t-test to answer the research question.

The Independent Sample t-Test results indicated a significant difference between the two
groups’ post-test scores (t(62) = 3.180, p = 0.002). The treatment group's mean score was
notably higher (M = 84.50, SD = 8.14) compared to the control group's (M = 76.75, SD =
11.01). This indicates that the PolyTrans Kit had a substantial effect on students' understanding
of polypeptide synthesis.

ii. Qualitative Analysis: Insights from Student Feedback
To complement the quantitative findings, focus group interviews were conducted to explore
the experiences of students who used the PolyTrans Kit.

Theme 1: Facilitating the Learning Process

The first theme regarding the use of the Polytrans teaching aid in learning the topic of
polypeptide synthesis is that it has facilitated their learning process. The majority of students
(n=10) stated that using Polytrans greatly helped them understand abstract biological concepts
like the topic of polypeptide synthesis. This is evident from the following student statements:

Focus Group 1: “In my opinion, Polytrans is a learning tool that can help and facilitate my
understanding of the topic of protein synthesis, as it is quite difficult to understand just by
reading without physical description.”

Focus Group 2: “Protein synthesis is hard to visualize because the process occurs inside our
bodies. So, with Polytrans, it helps me to visualize the process. Therefore, | can understand
how the synthesis process occurs better.”

When students begin to understand what they have learned, it will further generate interest for
them to continue learning and delve deeper into the topic. This situation is clearly understood
through a statement from a student in Focus Group 1:

Focus Group 1: “To be frank, biology has always been my greatest nemesis, especially when it
comes to memorizing facts and understanding complex processes like the Kreb’s Cycle and
protein synthesis. | find it so strenuous to fully understand and grasp the concept of protein
synthesis due to my inability to clearly visualize the whole process in my mind. However, things
have completely changed with the creation of the learning aid kit. With the help of the learning
aid kit, I am now able to easily visualize the mechanism of protein synthesis without any
problem. The fact that it is so colourful and interactive makes it a really fun activity to do in
class!”

This finding is consistent with several previous studies, which have found that students become
more focused and enthusiastic about learning when learning activities involve teaching aids
(Chin & Noh, 2016; Musa & Mohamad, 2015). Furthermore, this study's findings are consistent
with Musa and Mohamad (2014) in terms of increasing students' motivation to learn and
academic achievement through the effectiveness of teaching aids during teaching and learning
sessions.
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Theme 2: Increased Engagement and Collaboration:

The kit also promoted active participation and collaborative learning among students. The
hands-on activities required group interaction, which fostered teamwork and communication
skills. One student mentioned, “Working with my peers using the kit made the lesson more
enjoyable and helped me understand the concepts better through discussion”.

Students highlighted that the interactive nature of the kit transformed the learning experience
from a passive reception of information to an active and engaging process, thus reducing
boredom and increasing motivation.

Besides facilitating the learning process, most students also believe that the learning process
with Polytrans has made their learning more active and involved two-way discussions (n=8).
For example, a student in Focus Group 2 stated, “Students always ask and discuss among group
members during the learning process to complete tasks given using the help of Polytrans.”

A student from Focus Group 1 also stated, “The use of Polytrans not only facilitates the teacher,
but students also experience a more active and lively learning session. This situation creates a
learning system that is different from others.” This statement was shared by another student
from Focus Group 2 who said, “this learning method has made us always active. Unlike
previous learning methods which were usually in lecture form and quite passive, making me
feel sleepy. But now, with Polytrans, we need to be active.”

This finding supports several previous studies. For instance, a study by Nugrahani (2020) also
found that using teaching aids positively influences students' engagement and performance.
Similarly, the study by Nik Zarini and Salmiza (2012) also found that students actively
participated in teaching and learning activities, with two-way interaction and sharing learning
experiences with peers, which increased their self-confidence.

4. Conclusion

PolyTrans Learning Kit demonstrates a potential learning tool for protein synthesis process.
Thus, this study provides a valuable insight as the tool contributes a positive efficacy in
fostering students understanding in protein synthesis learning process base on the significant
difference scores between the groups data in quasi-experimental design.
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