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Abstract. The purpose of this study is to determine the increase in learning motivation and to determine the increase in student learning attitudes through the use of augmented reality media. The model used in this study uses the Analysis-Design-Development-Implementation-Evaluation (ADDIE) model. In the evaluation stage, the pre-test-post-test non-equivalent control group was used. Data analysis techniques used observation sheets, questionnaires, and pre-test post-test test sheets. From the results of data analysis, the validation results obtained by three math teachers on the use of augmented reality by 85%. The results of the student responses also showed very good results, namely 83%. Furthermore, the evaluation results show that the N-Gain value in learning using augmented reality media is 73% or 0.73. These results indicate that learning mathematics using augmented reality media on polyhedron material is declared effective for improving mathematics learning outcomes. Furthermore, it can also be seen that learning mathematics without augmented reality shows a high N-Gain result of 50% or 0.5. However, both of them are more effective by using augmented reality learning media. The difference is 23% or 0.23. Based on the results of the research conducted, it can be concluded that the use of augmented reality media can improve mathematics learning outcomes for junior high school students at SMP 10 at serang city.
Introduction
Learning mathematics is a process or activity of mathematics teachers in teaching mathematics to students, which includes the teacher's efforts to create a climate and service to the abilities, potentials, interests, talents and needs of various students so that optimal interaction between teachers and students occurs. as well as between students and other students in learning mathematics [1]. Mathematics learning is the process of providing learning experiences to students through a series of planned activities so that students gain competence about the mathematical material being studied [2].
Learning mathematics for students is the formation of a mindset in understanding an understanding and in reasoning a relationship between these meanings [3]. In mathematics learning, students are accustomed to gain understanding through experience about the properties that are owned and not owned by a set of objects [4]. Students are given the experience of using mathematics as a tool to understand or convey information, for example through equations, or tables in mathematical models which are simplifications of story problems or other mathematical description problems [5].
Learning mathematics is learning concepts. To be able to understand it, the teacher's role is very important during the learning process [6]. The teacher must be able to convey these concepts to students so that students can understand them, starting from the simplest sequence of concepts to the most difficult level [7]. With this, the use of instructional media not only makes it easier for students to understand the teaching material, but also makes it easier for teachers to explain the subject matter [8].
The use of instructional media should get the attention of teachers in learning activities [9]. Learning media in fact follow the development of existing technology, ranging from print technology, audio visual, computers to combined technology between print technology and computers  [10]. One of the benefits that can be taken from the existence of this technology is to use it as an effective, creative and educational learning medium [11]. So that educational application media can continue to be developed, one of which is Augmented Reality (AR) technology. The use of learning applications using AR technology can simplify the teacher's task in presenting material, shorten the time duration needed and can create a more interactive learning atmosphere [12]. In addition, the advantages of this application are also expressed is that it has high interactivity, namely the existence of a virtual AR object that can interact directly with users [13].
Android learning media that can be selected according to the geometric characteristics is android media using Augmented Reality [14]. This is because Augmented Reality is a technology that combines two-dimensional and three-dimensional virtual objects into a real three-dimensional environment in our environment and projects virtual objects in real time with an android phone [15]. AR technology or it can be referred to as Augmented Realistic is the integrity of digital elements that are added to the real world directly and follow the environmental conditions that exist in the real world and can be applied to mobile devices [16]. Augmented Reality technology is a visual technology that combines virtual world objects into real-world views in real time [17].
By utilizing Augmented Reality technology and Android smartphones, polyhedron objects can be visualized concretely through three-dimensional virtual modeling similar to objects the original is just above the drawing of the flat side space on the paper [18]. For this reason, Android-based applications by utilizing Augmented Reality technology as a polyhedron mathematics learning medium can be an alternative to help students understand various polyhedron objects in a concrete manner [19].
The purpose of this development research is to produce appropriate learning media in the form of applications using Android-based Augmented Reality technology in the material of flat-sided space in mathematics. The products produced from this development research are learning media in the form of android-based applications and manuals on the use of these learning media.
Experimental Method
[bookmark: _Hlk12018385]This research method uses the form of Research and Development (R & D), which is a research method that aims to produce certain products and test the effectiveness of the product. The development model used consists of Analysis, Design, Development, Implementation, and Evaluation (ADDIE) [20].
This research was conducted at State Junior High School (SMP) 10 Serang city, Banten province, Indonesia. The subjects in this study were 30 students, aged 13 years, consisting of 15 male students and 15 female students from each class. Furthermore, at the evaluation stage, the experimental class and control class were used. The experimental class uses augmented reality media, while the control class does not use augmented reality media. The research method used in this study can be seen in Figure 1 below [21].
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Figure 1. Research methods


After obtaining data from the pre-test and post-test results, then using the normalized gain score formula (N-Gain) in order to determine the increase in mathematics learning outcomes. With the existence of a normalized gain score (N-Gain) it provides an overview of the increase in student mathematics learning outcomes between before and after receiving treatment. The formula used can be seen in the equation below [22].



Then, to determine the criteria for improving mathematics learning outcomes before and after learning mathematics using augmented reality learning media and not using augmented reality media, it can be seen in Table 1 below.
Table 1. N-Gain classification
	N-Gain
	Improvement Classification

	g > 0,70
	High

	0,30 < g ≤ 0,70
	Medium

	g ≤ 0,30
	Low



Result and Discussion
3.1 Analysis
At this stage, an analysis of the use of learning media has been carried out, following the results of observations made on the use of learning media can be seen in Figure 2 below.

[image: ]

Figure 2. Analysis of the use of learning media

Based on Figure 2, it is found that the use of augmented reality learning media has not been used at all by teachers of the first high school located in the city of Serang, Banten, Indonesia.

3.2 Design
Furthermore, at this stage, namely designing an augmented reality learning media prototype, the following results from the augmented reality card prototype that have been developed can be seen in Figure 3 below.
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Figure 3. Card augmented reality polyhedron

3.3 Development
At the development stage, a validation test was conducted on three mathematics teachers who had taught for more than 10 years. This is done to calculate the feasibility of the percentage of augmented reality learning media. The following validation results can be seen in Figure 4 below.
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Figure 4. The results of the validation using augmented reality

Based on Figure 4, it can be said that the learning media shows that the average result of the validation of augmented reality media which is carried out on three teachers is 85, this means that the augmented reality media developed is very feasible to be used as a media for learning mathematics.

3.4 Implementation
Furthermore, the implementation was carried out for junior high school students. This stage involves the use or management of augmented reality learning media. This is done to determine the response of junior high school students to augmented reality media. The following results of student responses to augmented reality media can be seen in Figure 5 below.
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Figure 5. Results of student responses to augmented reality media

Based on Figure 5, it is found that the response of junior high school students shows an average result of 83. This means that students are very satisfied with the augmented reality media. Student responses were assessed from every aspect of augmented reality media, namely portable, navigation and illustration.

3.5 Evaluation
Furthermore, at the evaluation stage, the effectiveness of augmented reality media is tested for junior high school students. Following the evaluation results from the use of augmented reality media can be seen in Figure 6 below.
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Figure 6. Results of evaluation of the use of augmented reality media

From Figure 6, it can be seen that the N-Gain value in learning using augmented reality media is 73% or 0.73. These results indicate that learning mathematics using augmented reality media on polyhedron material is declared effective for improving mathematics learning outcomes. Furthermore, it can also be seen that learning mathematics without augmented reality shows a high N-Gain result of 50% or 0.5. However, both of them are more effective by using augmented reality learning media. The difference is 23% or 0.23.
These results indicate that some research results on augmented reality can be used as a learning medium [23]. Augmented reality can serve as a tool in learning mathematics. Augmented reality is a novel learning medium so that students do not feel bored in the mathematics learning process. Every student has different characteristics, especially in their emotional and intellectual characteristics. There are those who easily understand the subject matter just by listening to the teacher's explanation. There are also students who just by reading they can understand mathematical concepts. However, there are also students who need help understanding the material to be taught and need media in teaching, in this case the augmented reality media is used, especially in mathematics subject matter on polyhedron material.
Conclusion
The conclusion from the above discussion is that learning mathematics will be easier for students to understand by using augmented reality learning media in the learning process. The most important thing in the application of augmented reality learning media is that which contains aspects of joy, pleasure, and away from tension while learning. By creating joy in students, they will easily accept the material taught by the teacher.
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