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Abstract 
Pencak silat, as a cultural heritage and traditional sport of Indonesia, holds high cultural, spiritual, and physical 
skill values. One of the promising technologies in the 5.0 era to be applied in supporting the Independent 
Curriculum is Mixed Reality (MR). This research aims to develop and test the application of MR technology in 
the learning of pencak silat to support the Independent Curriculum in the 5.0 era. Using the Research and 
Development (R&D) method, this study goes through several stages, including needs analysis, product 
development, product design, development, implementation, and finally evaluation. The developed MR 
application allows students to learn the movements of pencak silat virtually in an interactive environment. The 
research results indicate a significant improvement in students' abilities. The average pretest score of 60.35 
increased to 85.45 on the posttest after the use of the MR application, demonstrating an enhancement in 
students' understanding and skills. In addition, the results of the validation tests by material and media experts 
are both in the "Very Good" category, indicating that this MR application is suitable for use in learning. This 
technology also supports more flexible learning in accordance with the principles of the Independent 
Curriculum, which emphasizes differentiated learning, although there are challenges regarding infrastructure 
readiness and teacher training. 
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1. Introduction 

The Independent Curriculum is an education policy in Indonesia that provides flexibility to teachers 
and students in the learning process (Aprianti & Maulia, 2023). This curriculum focuses on project-
based learning, the development of 21st-century skills, and the mastery of essential competencies such 
as literacy and numeracy (Kahar et al., 2021). The independent curriculum provides students with the 
freedom to learn according to their interests, talents, and needs, while teachers act as facilitators. This 
approach allows for education that is more relevant and suited to the students' circumstances, and 
encourages more independent and meaningful learning (Wang et al., 2024). In addition, the assessment 
in the Independent Curriculum is broader and relies on various types of evaluations, such as projects 
and practical activities, rather than just exam results. 

Differentiated learning is the primary way to meet the diverse learning needs in every classroom within 
the independent curriculum (Tarekegn & Mihiretie, 2024). This learning focuses on adjusting content, 
processes, and learning products based on students' interests, readiness levels, and learning styles 
(Deunk et al., 2018). With differentiated learning, each student can learn according to their individual 
potential (Hussein et al., 2024). If each student receives a learning experience that matches their pace 
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and abilities, teachers adjust the curriculum, delivery methods, and assessment techniques (Jufri et al., 
2023). This strategy creates an inclusive learning environment where every student has the opportunity 
to succeed in the way that suits them best. Differentiated learning consists of four main components: 
content, process, product, and learning environment. They are tailored to the needs and characteristics 
of the students (Nugroho & Darmawan, 2024). First, differentiate the content related to the material 
being taught to students. Teachers can adjust the difficulty level of the material according to the 
abilities and understanding of the students (Wahyuni, 2022). More advanced students, for example, 
can be given more complex material, while students who need additional support can be provided 
with more basic material. Both differentiation processes focus more on the methods of learning and 
delivery (Langelaan et al., 2024). Each student learns in a different way: visually, auditorily, or 
kinesthetically (Sutrisno, 2023). To address this issue, teachers must change their learning approach 
by implementing interactive presentations, videos, or practical activities that allow students to learn 
ideas in a way that suits their own styles. This also includes variations in activities such as group work, 
discussions, or hands-on experiments (Suroto et al., 2024). The third is product differentiation, or 
learning outcomes, which is the final component. The final assignments given to students in 
differentiated learning can vary depending on their interests and abilities (Naibaho, 2023). To 
demonstrate their understanding of the studied topic, students can choose to create a written report, 
a multimedia presentation, or a visual project such as a poster. Differentiated learning ensures that 
each student can convey information in the way that suits them best (Gusteti & Neviyarni, 2022). 
There are four differentiated learning environments, and there are two types of learning environments 
where students can learn: those that can enhance their learning outcomes and those that can hinder 
them. A calm and conducive learning environment can improve students' learning outcomes, while a 
noisy learning environment can reduce students' concentration and diminish their understanding of 
the subject matter (Anggraeni et al., 2024). 

The learning of pencak silat is the process of acquiring skills in the traditional Indonesian martial art 
(Nurkholis & Weda, 2015). Pencak silat has cultural and philosophical values beyond just being a 
physical sport. These values encompass social, mental, and spiritual aspects. Students are taught basic 
movements such as stances, steps, attacks, and blocks (Wiguno et al., 2024). Then, according to their 
skills, more complex movements are taught. Pencak silat is a complex physical sport aimed at 
enhancing strength, agility, balance, and body coordination (Syaifullah & Maghribi, 2023). In addition, 
pencak silat teaches values such as self-control, discipline, cooperation, and respect for opponents. 
Students also learn about the ethics of pencak silat, including how this martial art is used to protect 
oneself without harming others (Yuliana & Wahyudi, 2022). The learning of pencak silat is typically 
conducted through live demonstrations and repetitive practice. This is done to enhance students' 
muscle memory and reflex abilities in various situations. 

In the 5.0 era, education faces the challenge of adapting to the developments of globalization and 
advancements in information technology (Legi et al., 2023). As an important component of the school 
curriculum, physical education must be adapted to technological advancements to be engaging and 
assist students in learning (Allsabah et al., 2022). Pencak silat, as a traditional Indonesian martial art, 
possesses rich cultural, spiritual, and physical skill values (Karo-Karo et al., 2023), has great potential 
to be taught if creative methods using the latest technology are applied. In the 5.0 era, human-
technology collaboration is crucial for various aspects of life, such as education (Cojocaru et al., 2022). 
Learning pencak silat in the 5.0 era uses Mixed Reality (MR) technology to make the learning process 
more interactive and engaging. 

MR technology can assist differentiated learning by combining elements of the real and virtual worlds 
to make learning more interactive and unique (Eikeland & Ohna, 2022). MR should assist teachers in 
adjusting the material provided to students according to their abilities and interests in the context of 
differentiated learning (Santoso et al., 2022). For example, more skilled students can access more 
complex MR simulations or scenarios, while students who need more support can start with simpler 
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and more visual materials. MR technology combines the real world with the virtual, allowing users to 
interact with virtual objects in the real world (Rosi et al., 2019). By providing students the opportunity 
to learn in a realistic simulated environment, this opens up new possibilities in education. Moreover, 
it allows students to stay connected with the real world (Maas & Hughes, 2020). Therefore, MR not 
only expands the boundaries of conventional learning but also enhances student participation, 
motivation, and understanding of concepts through comprehensive and multidimensional learning 
experiences. 

2. Method 

This research uses research and development (R&D) methods, and it develops Mixed Reality (MR) 
technology to teach pencak silat to high school students in Bojonegoro. The stages of this research 
include needs analysis, product development, product design, development, implementation, and 
finally evaluation (Setyosari, 2016). The main focus of this research is on the use of open-source tools 
such as Unity 7, which serves as the primary framework for the development of MR applications 
(Zakharov et al., 2020). Figure 1 shows the flowchart of the developed application process. The first 
process begins with selecting a marker model. Marker models are divided into two categories of 
tracking: object tracking and image tracking. After selecting the marker, the image is rendered or 
combined with the environment, which is then integrated into mixed reality. The final process is 
displaying the image in a 3D object. The following are the modified research steps : 

 

Figure 1. Research Steps 

 

Figure 2. Flowchart of Mixed Reality Product Development 
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This research begins the product design phase by analyzing the issues in learning pencak silat. This 
analysis covers the needs of students and teachers, as well as how MR technology can assist learning 
in accordance with the independent curriculum. Based on the results of this analysis, a learning module 
that integrates MR technology will be designed, which includes the development of materials and 
learning scenarios. After the design is complete, the product development stage begins (Knierim et 
al., 2018). Here, interactive learning content is created using MR technology. Students can practice 
pencak silat virtually with this application. The product that has been developed is then validated by 
experts, such as material experts and media experts. To ensure that the product meets the desired 
standards, revisions are made based on feedback from experts before testing (Fatirul & Walujo, 2022). 

The product trial involved 32 students from SMAN MT Bojonegoro. The purpose of this trial is to 
identify product shortcomings and gather initial feedback from students and teachers. Data was 
collected through observation, questionnaires, and skill tests (Arifin, 2018). After limited testing, the 
findings are used to modify the product; user input and trial results improve the product. This process 
ensures that the product is ready for public use. In this study, the validity of the instrument was 
assessed by three media experts and three content experts who evaluated the quality of the product 
using a Likert scale from 1 to 5; the lowest rating is 1 and the highest rating is 5. The Aiken Index was 
used to calculate the validity of the instrument by considering the number of experts, the scale range, 
and the scores given (Nabil et al., 2022). The following formula is used to calculate the Aiken index : 
 

⋁ =
∑(𝒮 − ∫ )
𝓃(𝒸 − 1)  

Description: 

• 𝒮  : The score given by the expert 
• ∫  : Lowest score on the scale 
• 𝒸	 : The number of categories on the scale 
• 𝓃	: Number of experts 

3. Result  

This research develops a mixed reality-based learning product to support the learning of pencak silat 
in the Independent Curriculum. Mixed reality technology allows users to interact simultaneously with 
the digital and physical worlds, making learning more enjoyable. By using animated movements of 
pencak silat combined with Augmented Reality (AR) and Virtual Reality (VR) technology, this product 
provides students with the opportunity to learn pencak silat techniques in a more visual and practical 
way. The learning materials are organized according to the flow of the movements in pencak silat, 
making the presentation orderly and easy for students to understand. This product not only helps 
students understand the material, but also provides a fun and productive learning experience. 

The validity of the instrument was obtained through assessments from six experts, which were 
analyzed using the Aiken index formula. The evaluation of the developed product was conducted 
using a Likert scale model, ranging from 1 to 5, where each scale is interpreted sequentially as very 
good, good, fair, poor, and very poor. Based on the validation conducted by six experts, consisting of 
three subject matter experts and three media experts, the results indicate that the MR instrument has 
been well designed and developed, with a validity score of 0.95 for subject matter experts and 0.93 for 
media experts. A recap of the overall validity assessment results from the five experts is presented in 
Table 1. 
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Table 1. Recapitulation of expert validation using the aiken index 

Aspects Being Evaluated Aiken Indeks Validation 
Material Suitability 0.95 Very Good 
Media Suitability 0.93 Very Good 

The characters are tailored to the MR model created, and the appearance of the characters is chosen 
to have the ability to move. This allows them to develop more diverse movements that are adapted to 
the movements of pencak silat. The attributes of the characters are adjusted to the clothing and 
attributes used according to the rules of pencak silat. 

 

Figure 3. Character Design of Pencak Silat 

 

 

Figure 4. The Process of Designing Animation for Pencak Silat 

At this stage, the learning content of pencak silat will be developed in the form of interactive 
multimedia integrated with MR technology. The MR application will be programmed so that students 
can practice pencak silat virtually with the help of this technology. The next process is the validation 
by experts in the field from various backgrounds relevant to the content and technology of pencak 
silat learning. The evaluations from these three experts provide an in-depth overview that ensures the 
developed multimedia product for pencak silat meets the standards of content, technology, and 
pedagogy. 
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Table 2. Results of the expert material assessment 

Assessment Criteria Expert 1 Expert 2 Expert 3 Means Description 
Learning Criteria      
1. Alignment with learning objectives 4.8 4.6 4.7 4.7 Very Good 
2. Ease of use for students 4.7 4.8 4.6 4.7 Very Good 
3. Relevance to the Independent 
Curriculum 5.0 4.9 4.8 4.9 Very Good 
4. Encouragement of student 
interaction  4.5 4.6 4.7 4.6 Very Good 
Average Learning Criteria 4.75 4.73 4.7 4.73 Very Good 
Content Criteria      
1. Suitability of pencak silat material 4.9 4.7 4.8 4.8 Very Good 
2. Accuracy of content 5.0 4.8 4.9 4.9 Very Good 
3. Integration of content with 
technology 4.8 4.9 4.7 4.8 Very Good 
4. Depth and breadth of material 4.6 4.7 4.5 4.6 Very Good 
Average Content Criteria 4.83 4.78 4.73 4.78 Very Good 
Total Overall Average 4.79 4.76 4.72 4.76 Very Good 

After the assessment by the content experts is completed, the evaluation continues with the 
assessment by media experts. These three media experts have strong experience in the design and 
development of digital learning media, and they play a crucial role in evaluating the technical and 
aesthetic aspects of the product to ensure that the developed learning media is of high quality and 
effective in assisting students' learning. 

Table 3. Results of the media expert assessment 

Assessment Criteria Expert 1 Expert 2 Expert 3 Means Description 
Appearance      
1. Attractive interface design 4.7 4.8 4.6 4.7 Very Good 
2. Visual alignment with the material 4.8 4.9 4.7 4.8 Very Good 
3. Consistency in color, font, and icons 4.6 4.7 4.6 4.63 Very Good 
4. Good and tidy layout arrangement 4.7 4.8 4.8 4.77 Very Good 
Average Appearance   4.7 4.8 4.68 4.73 Very Good 
Programming        
1. Speed of access and application 
response 4.5 4.6 4.7 4.6 Very Good 
2. Application stability 4.8 4.7 4.7 4.73 Very Good 
3. Ease of navigation and interaction 4.6 4.8 4.7 4.7 Very Good 
4. Compatibility with various devices 4.7 4.6 4.5 4.6 Very Good 
Average Programming   4.65 4.68 4.65 4.66 Very Good 
Overall Average Total   4.68 4.74 4.67 4.7 Very Good 

After the formative evaluation, the summative evaluation is conducted. The purpose of the summative 
evaluation is to test potential users for MR-based multimedia products. The trial consists of three 
phases: one-to-one testing, Material, Pedagogical, and Motivation and Readability. Table 4 presents a 
summary of the test results from these three stages, and Figure 4 displays a bar chart that illustrates 
the comparison results of each type of test, highlighting the effectiveness and readiness of the product 
for widespread use in learning. 
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Table 4. Product test results 

Assessment Criteria One to one Small groupl Field Mean Categpry 
Display 4.3 4.5 4.7 4.5 Very Good 
Material 4.2 4.4 4.6 4.4 Very Good 
Pedagogical 4.4 4.5 4.6 4.5 Very Good 
Motivation and Readability 4.5 4.6 4.7 4.6 Very Good 

 

Figure 5. Product Testing Results Diagram 

After the product trial was conducted, it was followed by a paired sample t-test to analyze the results. 
The purpose of the paired sample t-test is to measure how effective the product is in improving 
learning outcomes for 32 students who used the MR-based multimedia product. The statistical test 
results show a difference between the pretest and posttest scores. 

Table 5. Results of the paired sample t-test 

Test Mean Std. Deviation t df Sig. (2-tailed) 
Pretest 65.2 4.15 -30.00 31 0.000 posttest 80.5 3.85 

The table of paired sample statistics shows a comparison between the average scores of the pretest 
and posttest from 32 students. The average pretest score is 65.2 with a standard deviation of 4.15, 
indicating moderate variation in student outcomes before using the multimedia product. The average 
posttest score after using the product is 80.5 with a standard deviation of 3.85, indicating that the 
difference between the pretest and posttest results is statistically significant, meaning that the 
developed multimedia product is effective in improving learning outcomes. 

4. Discussion 

Pencak silat is a traditional martial art that originates from Indonesia and has developed in many 
Southeast Asian countries (Ihsan et al., 2022). Pencak silat is not only used as a method of self-defense, 
but also embraces moral principles such as discipline, courage, and resilience. Pencak silat also teaches 
cultural values and physical skills. The Independent Curriculum encourages the use of technology in 
education to make learning more contextual, relevant, and focused on character development, literacy, 
and 21st-century skills. This approach is expected to make education more contextual, relevant, and 
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centered on the potential and needs of students. Technology is becoming increasingly important in 
learning pencak silat, as students need to understand complex and detailed movements. Traditional 
pencak silat learning usually involves direct demonstrations of pencak silat or instructional videos 
(Muzakki et al., 2023). However, there are some limitations to this method, particularly regarding 
student interaction and understanding of specific movements (Sinulingga et al., 2024). As a result, 
technologies like Mixed Reality (MR) have emerged as an important innovation in the learning of 
pencak silat. MR combines elements of the real and virtual worlds in one interactive space, allowing 
students to learn martial arts movements more effectively. With MR, pencak silat movements can be 
visualized in three dimensions, enabling students to see and practice every angle of the movements 
with digital guidance. 

This research found that using MR while teaching pencak silat enhances students' understanding. The 
higher posttest scores compared to the pretest indicate that MR technology helps students visualize 
and understand movements that are more difficult to grasp through conventional demonstrations. 
Students also feel a greater motivation to learn, which is one of the indicators of the successful use of 
technology in schools. The theory of technology-based learning states that interactive technology can 
enhance student engagement and understanding (Rahayu et al., 2024); (Permana et al., 2024); 
(Ambarwati et al., 2021). This finding reinforces this theory. Furthermore, the findings of this research 
are consistent with previous studies by (Chang et al., 2020), It was found that AR can help students 
learn physical education by providing them with clearer and more in-depth images of movements. 
The use of MR, especially in the learning of pencak silat, is a new aspect emphasized in this research. 
This innovation allows students to better understand movements and enables a more dynamic 
interaction between students and learning materials. In pencak silat, MR is very helpful in explaining 
movements because many actions require a deep understanding of position, balance, and body 
strength. Additionally, MR has the ability to facilitate more personalized learning, allowing students to 
learn at their own pace and rhythm. 

However, this research has several limitations that need to be taken into account. Because this research 
was conducted on a small group of students at one school, the results may not be applicable to a larger 
population. A larger and more varied sample should be used to test the generalization of the findings. 
In addition, the use of MR technology requires advanced software and hardware that may not be 
available in many schools, especially in areas with technological limitations. To develop MR more 
broadly in Indonesian schools, the impact of this infrastructure limitation must be evaluated. Overall, 
this research shows that the use of Mixed Reality in learning pencak silat successfully addresses 
complex issues related to movement-based learning. These results also support the goals of the 
Independent Curriculum, which encourages the use of technology in learning. This research also 
reinforces existing theories on technology-based learning and opens the door for further development 
in the context of education. 

5. Conclusion and Recommendation 

This research focuses on the effects of implementing mixed reality (MR) technology in the learning 
of pencak silat. MR technology also enhances students' motivation to learn. The main objective of 
this study is to understand how the application of MR can improve students' understanding and skills 
in this traditional martial art. This research shows that the use of MR yields significant results. Students 
can learn the movements of pencak silat in an interactive and immersive way by combining elements 
from the digital and physical worlds. Students feel more motivated to learn when they have enjoyable 
and engaging learning experiences. They feel more confident to try new methods because they can 
see the movements and receive instant feedback provided by technology. This high motivation directly 
impacts learning outcomes, as students learn faster than with traditional methods. In addition, the use 
of MR in learning pencak silat allows for more adaptive and flexible teaching. Students do not need 
to rely on direct instructions limited by time and place, as they can practice anytime and anywhere. 
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This allows them to practice more independently, which helps them develop their best abilities. This 
result is expected to assist educators and practitioners in creating more creative and effective learning 
methods, especially for the martial art of pencak silat. Therefore, by utilizing technology, the goal of 
enhancing students' understanding and skills in pencak silat can be successfully achieved. 
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