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Abstract

This study aims to develop a 3D Scratch-based physics learning media to enhance student learning outcomes
in basic gravity concepts. Traditional learning methods often limit student engagement and hinder the
development of essential skills. By incorporating interactive simulations and animations, Scratch-based
media can provide a more dynamic and engaging learning experience. The 4D development model was
employed to design and develop the media, focusing on aspects such as visual clarity, accessibility, and
language appropriateness. A panel of experts, comprising a physics education lecturer and three prospective
physics teachers, validated the media. The results indicated that the developed media achieved a very high
level of feasibility, with an average score exceeding 81%. This research suggests that the integration of
Scratch-based learning media can significantly improve student learning outcomes in physics, particularly
around basic gravity. The interactive nature of the media, coupled with its inclusion of exercises and
discussion questions, fosters active learning and enhances comprehension.
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INTRODUCTION

Education is essential for individuals to develop the knowledge and skills necessary to adapt to
societal changes and contribute to national progress (Sudarsana, 2016). The accelerated pace of
educational development demands that students acquire robust process skills, especially in the
realm of science, to equip them to confront global challenges (Jatmika et al., 2020). Most
students lack proficient scientific process skills (Siswanto et al., 2017). This is because students
are not actively involved in the learning process.

Traditional teaching methods often hinder the development of students' scientific process
skills by limiting their active involvement in the learning process. Teachers may not encourage
students to ask questions, design experiments, or explore concepts independently. As a result,
students become passive learners, relying solely on teacher-led explanations. This approach can
stifle creativity, critical thinking, and problem-solving skills, which are essential for scientific
inquiry (Yuniati, 2017). Additionally, many teachers struggle to effectively impart fundamental
scientific process skills to their students (Wahyuni et al., 2018). Consequently, students may
fail to develop these essential skills, leading to suboptimal learning outcomes.
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Scientific knowledge, including physics, is essential for developing students'
understanding of the world. However, abstract concepts such as gravity can be challenging for
students to grasp. According to Edgar Dale's Cone of Experience, learning is most effective
when it involves multiple senses (Jackson, 2016). Traditional teaching methods, which often
rely heavily on verbal explanations, can limit students’ understanding. To address this,
educators can utilize learning media to provide more concrete and engaging representations of
abstract concepts. By incorporating visual aids and interactive elements, learning media can
help students develop a deeper understanding of gravity and other complex topics (Sanjaya,
2016).

Effective learning media can significantly enhance students’ understanding of complex
concepts and improve overall learning outcomes. Research suggests that visual learning plays
a crucial role in information retention. By engaging multiple senses, including sight and
hearing, learning media can create more immersive and memorable learning experiences.
However, traditional learning methods often rely heavily on text-based materials and lectures,
which may not fully capitalize on the potential of visual and auditory learning (Hatika, 2016).
To address this limitation, the development of innovative learning media, such as 3D
application-based tools, has gained significant attention. 3D application-based learning media
offers a promising approach to enhance student engagement and learning. By providing
interactive and visually stimulating experiences, these tools can make learning more enjoyable
and effective.

The 3D application-based learning media can significantly enhance student engagement by
providing interactive and visually appealing learning experiences. Such media is often user-
friendly and accessible, making it easy for students to explore and learn at their own pace
(Astriani, 2018). Despite their numerous advantages, certain 3D applications present significant
challenges such as VR and AR. These include substantial financial investments in VVR-related
equipment, necessitating the acquisition of professional hardware and software for the
development of effective educational stations utilizing VR technology. Furthermore, the
creation of a comprehensive virtual environment demands considerable effort, requiring the
meticulous design and implementation of numerous test scenarios and intricate details
(Paszkiewicz et al., 2021). Augmented Reality (AR) is subject to certain limitations, including
the demand for advanced technological skills, considerable hardware resource consumption,
and the constraint of inflexible platforms (Gémez-Rios et al., 2023). It is therefore imperative
to explore alternative 3D application media that exhibit both economic viability and ease of
implementation within the educational context.

One popular example of a 3D application-based learning tool is Scratch. It is the most
widely adopted programming language in educational settings due to its versatility, catering to
learners from early childhood to advanced levels of study (Pérez-Jorge, 2022). Scratch provides
an accessible platform for individuals with limited programming knowledge to engage with
computational concepts (Herawati et al., 2024). Therefore, we choose 3D application scratch
as an alternative to web simulation-based learning.

Scratch is a visual, block-based programming platform designed to be both educational and
engaging. It offers a comprehensive library of pre-built programs that can be adapted and
extended (Ouahbi et al., 2022). This innovative programming language empowers students to
create interactive stories, animations, games, and other digital projects (Laily & Mulyani,
d
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2022). By engaging in these creative activities, students develop essential skills such as
computational thinking, problem-solving, and collaboration. Additionally, Scratch can
familiarize students with new media technologies and promote active learning. Through hands-
on experiences, students can acquire knowledge and skills more effectively than through
traditional, passive learning methods.

Students can develop a deeper understanding of the subject matter by utilizing interactive
and engaging learning media. Scratch offers a user-friendly platform that facilitates the
acquisition of programming fundamentals, including algorithms and core concepts, for students
within the school-aged demographic. This fosters an enhanced interest in programming while
simultaneously cultivating creativity and problem-solving abilities (Sulaymonova & Bo’riyev,
2024). This approach fosters effective communication between teachers and students,
enhancing the overall learning experience (Nabila et al., 2021). Furthermore, the use of
multimedia can stimulate students' cognitive and emotional engagement, leading to improved
learning outcomes (Nurfadhilah et al., 2021). Consequently, the utilization of scratch as a 3D
application proves to be highly advantageous for students within the educational context.

The concept of "gamification” has gained significant attention in recent years as a
promising approach to enhance student engagement and motivation. By incorporating game-
like elements into the learning process, educators can create more interactive and stimulating
experiences. 3D application-based learning media, such as Scratch, offer a powerful platform
for gamifying education. By allowing students to create interactive simulations, animations,
and games, Scratch can foster creativity, problem-solving skills, and a deeper understanding of
complex concepts. This study aims to investigate the feasibility of using a 3D Scratch-based
physics learning media to enhance student learning outcomes in basic gravity concepts. By
leveraging the interactive and engaging nature of Scratch, this research seeks to explore the
potential of gamified learning to improve student achievement and motivation.

METHOD

This research employs a Research and Development (R&D) methodology to develop a learning
media focused on basic gravity concepts. This approach allows for a deeper understanding of
the learning media's effectiveness by analyzing both its process and outcomes. The 4D
development model (Define, Design, Develop, and Disseminate) was used to guide the research
process. The initial phase, Define, involved a thorough literature review to identify existing
challenges in science education, particularly in the area of scientific process skills and the
teaching of gravity concepts such as definition of gravity, discoverer of the concept of gravity,
universal law of gravity, gravitational force, gravitational potential energy, and the application
of gravity. Based on this analysis, the research problem was formulated: to develop a 3D
Scratch-based learning media to enhance student understanding of basic gravity concepts. The
Design phase focused on creating the learning media. This involved developing assessment
instruments, designing learning materials, and creating visual representations using tools such
as Microsoft Word and Canva. The media was designed to be interactive and engaging,
incorporating game-like elements to motivate students. The final phase, Development, involved
validating the learning media through expert reviews and pilot testing as shown in Table 1.
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Table 1. Validating assessment

Aspect Indicator

Fill Completeness of learning media identity
Appropriateness of the proportion of learning media layout
Appropriateness of the color proportion of learning media
Appropriateness of the selection of learning media background
Suitability of the choice of letters of the Learning media
Suitability of the choice of letters of the Learning media
Construction Ease of access
Creativity and innovation
Media development opportunities for the development of science and technology
Conformity with physics concepts
Language The structure of the language is easy to understand
Effective and unambiguous sentences
Communicative language
Spelling used according to EYD
The terms used have the appropriate meaning.

The product validation was conducted by a panel of four reviewers comprising one physics
education lecturer and three prospective physics teachers. Theye evaluated the media's content,
construction, and language. This feedback was used to refine the media and ensure its suitability
for classroom use. This study employs a validation sheet to assess the quality of the developed
learning tools. The validation process involves a panel of experts who provide ratings and
feedback on various aspects of the media. This study employed the Successive Interval Method
(MSI) to analyze interval data. To facilitate qualitative analysis, the interval data, measured on
a 4-point Likert scale, was converted into qualitative categories using a modified version of
Mardapi's conversion formula (Mardapi, 2017). The inclusion criteria for the study were based
on the feasibility test results provided by the respondents. Table 2 presents the assessment
scores for the feasibility of the learning media.

Table 2. Criteria of validation

Quantitative Score Interval Criteria

X > M, +2.55B, Very decent
M, < X <M, +2.55B, Decent

M, -2.55B, < X <M, Less Decent
X <M, -2.5SB, Not Worth it

Information :X = Average score of each aspect ; M; = ideal average = % (ideal max score +
ideal min score) SB; = Ideal Standard Score = % (ideal max score — ideal min score)

The calculation process yielded the assessment criteria for the assessment instrument, as
presented in Table 3.

Table 3. Eligibility Score

Quantitative Score Interval Criteria
X=>81% Very decent
63% < X <81% Decent

44% < X <63% Less Decent
X < 44% Not Worth it

The dissemination phase involves the publication of research findings in reputable, Sinta-
accredited journals. By sharing the results of this study, the researcher aims to contribute to the
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advancement of knowledge in the field of physics education, specifically in the development of
innovative learning media.

RESULT AND DISCUSSION

This study employs a Research and Development (R&D) methodology to develop and evaluate
a 3D Scratch-based physics learning media focused on basic gravity concepts. The goal is to
assess the feasibility of this media in enhancing student learning outcomes. The research
process is guided by the 4D development model, comprising four stages: Define, Design,
Develop, and Disseminate. The initial phase of the research involved a comprehensive literature
review. This review identified several challenges in science education, including the low
development of scientific process skills among students. These skills, such as observation,
hypothesis formulation, experimentation, data analysis, and critical thinking, are essential for
effective scientific inquiry. Additionally, the study found that traditional teaching methods
often lack the necessary engagement to motivate students and stimulate their interest in
learning.

Sungguh hari yang baik
dengan cuaca yang cerah
ya

(b)

Figure 1. (a-¢) Scratch for Basic gravity concept

The integration of block-based programming environments, such as Scratch, into education
has become increasingly prevalent (Batni et al., 2024). The development of 3D Scratch-based
physics learning media aligns with previous research (Pratiwi et al., 2023), which highlighted
the practicality of such media as a valuable tool for enhancing student learning. Students can
effectively learn and apply core programming logic principles through the utilization of the
Scratch environment (Cardenas-Cobo et al., 2021). Design-based activities integrated with
coding tools using Scratch, can effectively facilitate the development of problem-solving skills
d
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among students (Erol & Cirak, 2022). Improving student learning outcomes is a fundamental
goal in education, as it contributes to the development of well-rounded and knowledgeable
individuals. The initial phase of the design process involved the identification of the necessary
tools and materials for creating the learning media. The outcomes of this stage included the
development of learning drafts, sketches, and assessment instruments. The following image
illustrates the design of the 3D Scratch-based physics learning media.

The 3D Scratch-based physics learning media, designed to teach basic gravity concepts,
leverages visual elements that can be accessed individually or collaboratively. This interactive
approach encourages students to engage with the material, fostering interaction with peers and
teachers. As noted by (Astriani, 2018), the use of such media enhances communication and
interaction between students and teachers, thereby improving the overall learning experience.
Additionally, the media simplifies complex gravity concepts, making them more accessible to
students.

The subsequent stage of the research involved the development and evaluation of the 3D
Scratch-based physics learning media. A feasibility test was conducted with four experts to
assess the media's content, design, and functionality. The Successive Interval Method (MSI)
was employed to analyse the experts' ratings. To be categorized as highly feasible, the media
had to achieve an average score of 81% or higher in each aspect. The Figure 2 presents the
results of the feasibility test.
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Figure 2. Expert Score for Review Product

Overall, the evaluation results indicate that the 3D Scratch-based physics learning media
is highly feasible for teaching gravity concepts. The media received an average score of over
81% across all three evaluation criteria, demonstrating its potential to enhance student learning.
While the content aspect received the lowest score, it still fell within the "very feasible”
category. Validators provided suggestions for improvement, such as expanding on certain
topics and initially hiding some variables. The use of effective learning media can significantly
impact student learning by stimulating interest, motivation, and engagement. As noted by (Sri,
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2008), learning media can evoke new desires, interests, and psychological influences on
students, ultimately leading to improved learning outcomes.

The final stage of the research involves the dissemination of the findings through
publication in a peer-reviewed journal or international conference. This dissemination aims to
share the latest research findings and contribute to the advancement of physics education by
providing insights into the development and effectiveness of 3D Scratch-based learning media.
Based on the evaluation provided by experts, the 3D Scratch-based learning media was deemed
highly feasible, albeit with a few suggested revisions. To further validate the effectiveness of
the media, additional research is necessary to conduct comprehensive testing with students.
Additionally, exploring the potential application of the media in teaching other scientific
concepts is a promising avenue for future research.

From 2012 to 2020, the Scratch program has seen progressive advancement within the
educational science discipline (Duo-Terrén, 2023). It is suggested that younger individuals
utilize Scratch to cultivate critical thinking skills and devise solutions for global challenges such
as climate change, conflict, and pandemics. This platform empowers them to evaluate multiple
solutions and select the most appropriate course of action (Alp & Bulunuz, 2023). The Scratch
application proved effective as an online platform for facilitating science education and
promoting the application of scientific principles to real-world contexts (Satria & Sopandi,
2022). Scratch activities were effective in fostering computational and creative thinking skills
among students and can enhance students' higher-order cognitive abilities (Cirit & Aydemir,
2023). It is recommended that Scratch be integrated into mathematics and science education
(lyamuremye et al., 2022; Koray & Bilgin, 2023).

Recent research in this field has demonstrated the positive impact of using Scratch on
students' academic performance, making it a suitable tool for subject-matter education (Choi &
Hong, 2015). Because Scratch provides a platform for the design and implementation of
interactive media (Jatiningsih & Dewi, 2022). Scratch programming components that students
can interact with and activities that promote the development thinking skill (Fagerlund et al.,
2021). Scratch can serve as an effective pedagogical tool in higher education, particularly for
students with no prior programming background, due to its engaging nature and ease of use
(Campbell & Atagana, 2022).

Scratch also gives positive impact for educator. Teachers surveyed expressed positive
views on the use of Scratch: (1) Pedagogical Value: Teachers perceive Scratch as an effective
tool for introducing programming concepts within the Moroccan educational context. (2)
Collaborative Learning: A preference for group-based Scratch instruction was indicated by the
teachers. (3) Interdisciplinary Applications: Teachers expressed interest in utilizing Scratch to
create content for other subjects, demonstrating its potential for cross-curricular integration. (4)
Teacher Confidence: Teachers reported feeling comfortable with teaching Scratch, suggesting
a positive perception of its accessibility and ease of use. (5) Student Engagement: Teachers
recommended Scratch as a suitable tool for introducing programming fundamentals to students,
implying its potential to engage learners. (6) Peer Recommendation: Teachers noted that their
colleagues also endorsed the use of Scratch in the classroom, highlighting its growing
acceptance among the teaching community. Additionally, a notable finding emerged regarding
the potential impact of Scratch on broader learning outcomes. Participants indicated that
learning Scratch may positively influence the acquisition of knowledge and skills in other
d
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subjects (Binaoui et al., 2022). Scratch users frequently create projects with code that exhibits
"code smells,” such as duplicated code blocks and excessively long scripts, which can hinder
their ability to comprehend and troubleshoot their projects (P. Rose et al., 2020).

CONCLUSION

Based on the findings of this research, the 3D Scratch-based physics learning media for basic
gravity concepts is deemed highly feasible, with minor revisions recommended. This
conclusion is supported by the validator's assessments, which indicate an average score of over
81% across all aspects. To further evaluate the effectiveness of this media, it is recommended
to conduct a comprehensive study involving a larger sample of students.
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