Augmented reality: Physics on Wave and Vibration 
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Abstract: Augmented reality (AR) is a technology that can be used in the classroom. This study aims to create an AR application and pilot the AR application in the vibrations and waves learning. Furthermore, to see if there are differences in the learning interest and physics learning outcomes by using the AR application in the learning process. The research method used to develop this application is by adapting the 4D Thiagarajan model (Define, Design, Develop, and Disseminate). The result shows there are differences in physics learning outcomes and learning interests of students studying physics using AR. AR and the use of media can be a solution for learning physics in the future.

1. Introduction
Augmented reality (AR) is a technology that combines the real world with interactive virtual worlds [1] [2]. AR has enormous benefits in improving the teaching and learning process because AR has a visualization aspect that will arouse students' interest in learning. Furthermore, it will help students to understand concretely the material presented through 3D visual representations by involving user interactions in the AR frame. By using AR technology, students will be able to understand the subject matter concretely because they get a unique sensation of explanation and learning and are directly involved in the process. 
The use of AR in education has been practiced widely. Among them are in the field of learning biology [3], learning chemistry [4], history [5], and so on. Even in the field of astronomical physics [6], there are already those who make. But we are trying to make vibration and wave learning using AR.
The concept of vibration and waves is a physics concept that is closely related to the everyday phenomenon. This concept is chosen because of the need for learning media on the topic of vibrations and waves for middle school students [7]; the abstract concepts of vibrations and waves require the need for an appropriate medium as this concept is hard to present in class, so it requires media to explain it better in the classroom. Without proper media, it might also lead to low learning outcomes because students are less interested in science/physics lessons [8]. This study aims to create AR applications and try out AR applications in learning vibrations and waves.

2. Method
The research method used to develop this application is by adapting the 4D Thiagarajan model (Define, Design, Develop, and Disseminate) [9] [10]. The media design developed as illustrated in Figure 1. After developing a media, then the dissemination step was carried out using a Quasi-experiment using a post-test control group design to measure student learning interest and learning outcomes. 
The population in this study were the grade VIII students of SMP PGRI 06 Malang, in the 2019/2020 academic year. The purposive sampling technique was used as the sampling technique. The sample in this study amounted to 60 people. In detail, there are 30 people in the experimental class and 30 people in the control class. The data collection techniques used were the provision of test results and student interest in learning questionnaires. The data obtained were then analyzed using a two-way ANOVA analysis.
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3. Results and Discussion
The concepts of waves and vibration that is served by this application for example are longitudinal waves, transversal waves and the concept of pendulum as illustrated by Picture 2 and Picture 3
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Picture 2. The concept of Vibration and Waves found in the application
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Picture 3. The AR Application of Vibration and Waves
The data of the Physics learning outcome and student motivation are obtained using learning outcomes test instruments and learning interest questionnaires. Both of the instruments have been validated by two physics department lecturers and one physics subject high school teacher in Malang. After the learning outcome test was validated by the physics department lecturers and the teacher, it is then given as a trial to the high school students. The learning outcome tests were then checked further for validation, reliability, difficulty level, and diversity of the questions. The learning outcome test consists of 30 multiple-choice questions; while the student motivation questionnaire consists of 24 statements. After conducting the validity test for the 30 multiple choice questions, it was then discovered that 10 of the questions are valid and 20 are not valid. These 10 questions are the one that is used in this research
Based on the results of the two-way ANOVA test, student learning outcomes show that sig > (0,001 < 0,05), then a conclusion can be drawn that the conclusion are accepted, this proves that there are differences in student learning outcomes when using AR learning media compared to students that use conventional learning media.
Students who used conventional learning media were limited in showing their creativity. When the students were required to look for information in books, the students were prone to be lazy in reading and not trying to find answers to problems being studied. Besides, the students only listened to lectures and then given questions or practice questions. Such learning conditions can make students uninterested and bored. Students will find it difficult to understand the material related to the concepts. 
The efficient use of learning media can increase student interest in learning and learning effectiveness to improve student learning outcomes. The use of AR learning media can certainly increase students' interest in learning. This can be seen in the average value of student interest using AR which is higher, namely 66.8, while the control class has an average value of 62.8. The difference in the average value of the interest in learning in the experimental class and the control class is 4.0. The use of AR media can increase students' curiosity about what is being learned. Also, there are many ways to arouse student interest in learning. One of them is by making the material as attractive as possible. By designing lessons that let the student explore what they are learning, students will become active and interested in learning. The learning outcomes of students who have high learning interest will be better than the learning outcomes of students who have low learning interest [11].
Students’ interest in learning is also a very important factor which influences learning outcomes. If students like physics, then they will be naturally curious to learn and excited to take physics lessons. They can attain better learning outcomes. Someone who has a high interest in learning will have no issues to learn anything [12]. In other words, when students have an immense interest in learning, they will be more able to control themselves better so they can improve the learning outcomes [13]. Meanwhile, those with low interest in learning will find it difficult to motivate themselves to attain the expected learning outcomes [12].
Thus, this study proves that the use of media will make the students become more motivated, have a high interest in learning, and easily understand the concept of the material presented [14]. It is also proven that the use of media increases students’ concept comprehension [15]. The AR as technology-assisted education used in this study shows that students’ interaction with the targeted knowledge must be maintained by the right technology. It clearly confirms that technology provides an opportunity to intervene and direct the learning process in a better direction [16].

4. Conclusion
Based on the results of the research and discussion described, it can be concluded that there are differences in the learning outcomes of students who use AR learning media compared to the students who use conventional learning media. There are differences in the learning outcomes between students with high learning interests compared to low-interest students. The use of AR media can be considered as solution in learning physics in the future. 
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