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Abstract. During the COVID-19 pandemic, the delivery of material on learning must be more innovative. The application of technology in learning process can be a solution now Augmented Reality (AR) technology was implemented in various way, one of which in education. This study aims to explore how many developers integrate AR applications in mathematics learning and see the potential of the technology AR used, in terms of what abilities can be improved. The method used in this research is the literature review. Data obtained from were scientific journals, conference proceedings, and other related sources. The results showed that the mathematical materials used in the use of AR technology are geometry and integer operations. Then there are seven abilities identified to increase in mathematics learning based on augmented reality. So AR can be an alternative learning medium that can be used during this pandemic. 
1. Introduction 
The era of the COVID-19 pandemic that is currently sweeping the world limits the space for humans to move in everyday life. It is recommended that work and study processes be carried out in the home as part of quarantine, namely limiting the movement of people suspected of having COVID-19 but not experiencing illness symptoms, either because they are not infected or because they are still in the incubation period [1]. One of the areas affected by the pandemic due to the cessation of the teaching and learning process in schools and universities is required to find a way out as an alternative replacement and support for learning Until now, online learning is still the best choice in continuing the teaching and learning process during a pandemic. This is in accordance with the Ministry of Education and Culture's Circular Letter dated March 17, 2020, as the Indonesian government's effort to prevent the spread of COVID-19 from becoming more widespread in the community [2]
The technology adaptation into mathematics learning was convinced to be an effective problem solving to support the implementation of online learning. In the 21st century, Augmented Reality (AR) technology is developing in swift. AR technology has been developed in various fields such as military[3], health[4], science[5] , education[6], construction[7] to entertainment[3]. This was caused by the superiority of AR technology's that allowed users to interact using their natural body movements[8]. Many research and development by the educators in order for integrating augmented reality into mathematical learning in the classes. Aji Pangestu[9] concluded that the development of media learning space geometry, particularly flat-side based on augmented reality to improve students' spatial reasoning ability at the junior high school level. AR allows students to explore the geometrical objects in three dimensional and from different angles. Then, Demitridaou also showed that augmented reality applications had a higher effect on students' learning and understanding of mathematical concepts than traditional teaching approaches[10]. So ontegration between AR technology and learning also has good impact on student interest, as stated by Giasiranis. He also said that the AR engenders impression and interest to students, which has; as a result, to motivate them more, to participate more actively and with more enthusiasm in course activities, to be more concentrated and comprehend better anything they are taught[11]. So AR technology in mathematical learning could be a solution applied during this COVID-19 pandemic.
Now we can see that smartphones become one of primary need in human life, especially in  communication, work, entertainment and even learning and instruction. Several studies have shown that recently smartphones have a major role in education and its advantages in relation to potential pedagogical perspective[12]. In fact, AR Technology itself now highly in demand and can be developed by anyone, both in teamwork and individually, be on social media or in the application store on smartphones. So that during this pandemic, it was very possible for the educators to use and even develop AR technology in learning mathematics [13].
In subsequent discussions, it will be suggested how AR Technology can be used in mathematics learning, both in terms of the development that has been done or research on AR, which has been focused on improving the skills needed in learning mathematics. The method used in this study is a literature review, where the focused theme is research and development regarding AR Technology, which is integrated into mathematics learning. Articles adapted from Science Direct, Springer, IEEE, IOP, and JSTOR, which were compiled from 2013 to 2020.

2. The Development of AR for Math Learning
In general, Augmented Reality can be defined in three main features: (a) combine real objects and virtual objects; (b) with Augmented Reality can interact in real-time; (c) provide accurate images with three-dimensional projection[14]. In another study, AR is defined as a state in which the real context is dynamically overlaid within the context of virtual information. Augmented reality adds, complements, or enhances the existing reality by adding elements of computational results obtained from input data, which can include audio, video, graphic, or GPS data[15]. AR also can provide interactive experiences to users by adding virtual information to the user's physical environment and allowing the user to use his entire body to interact with real and virtual content[16]. In addition, experts point out that AR can offer many potential benefits in children's lives, while at the same time, the use of AR in education has been associated with certain learning benefits[17]. In this case, what is meant is learning mathematics. According to Demitridaou[10], augmented reality in the future will become an essential educational tool, enabling students to understand facts better through illustrative demonstrations not seen in everyday life. Therefore, many researchers have developed AR media in mathematics learning. The following are AR-based learning media that have been developed in several countries around the world.

Table 1. List of augmented reality applications that have been developed
	No
	Research
	Application
	Grade
	Country

	1
	S. Suherman et al. - 2020 [18]
	AR-Geometry (Interactive Book)
	8th
	Indonesia

	2
	A. Pangestu and W Setyaningrum – 2020 [9]
	ARGEO
	8th
	Indonesia

	3
	M. Fernando et al. - 2020 [19]
	AR-Math
	1st-3rd
	Mexico

	4
	MGK Ahsan et al. - 2020 [20]
	Mathinact
	8th
	Indonesia

	5
	YW Cheng - 2019 [21]
	MathMon
	6th
	Taiwan

	6
	RN Auliya and M Munasiah - 2019 [22]
	Unknown Name
	8th
	Indonesia

	7
	J. Young, M. Kristanda, and S. Hansun - 2016 [23]
	ARmatika
	1st-3rd
	Indonesia

	8
	I. Radu - 2016 [24]
	Unknown Name
	1st-3rd
	USA

	9
	L. Stefan and F. Moldoveanu - 2013 [25]
	DiedricAR
	8th
	Romania


        
[image: ]It can be seen from the data in table 1, nine AR application developments have been carried out by researchers from various countries, of which there are five developers from Indonesia. This application was developed by researchers, in two main subjects in mathematics, namely geometry [9][18][20][22][25] and integer operations [19][21][23][24]. The geometry material used in learning using AR technology is at the junior high school level, while the integer operation material is taught at the elementary school level. 

   Figure 1. Example of ARGEO[9]	Figure 2. Example of ARmatika[23]

In Figure 1, ARGEO displays an AR content on Geometry material, namely a flat side space. The use of AR-based learning media in understanding spatial geometry material is needed because it has been proven in several previous studies that show that this learning media is very effective[9]. Some research results reveal that learning geometry using 3D object models in AR can improve students' understanding of the material[26] and can facilitate students' reasoning abilities in general[27]. Then in Figure 2, ARmatika displays Games-based Learning content using AR technology on the addition of integers by playing number patterns with repeated addition operations[23]. This game is shown to improve learners' motivation to learn the factors associated with ego involvement, competitions, awards, and penalties as factors that motivate the spirit of learning for learners.
The needs assessment study that was conducted resulted in a list of mathematical topics that served as a starting point. Valuable for future educational tools. Iulian Radu[24] shows a list of mathematics topics that are considered difficult to teach, and the extent to which teachers and researchers determine the use of mathematics material that is considered suitable for AR if students can benefit from (a) visualizing mathematical content in three dimensions (e.g., visualizing volume ), (b) visualizing content through multiple representations at the same time (e.g., seeing physical and numeric representations together), (c) physically interacting with mathematical topics (e.g., physically valid number decomposition), or (d ) have in-context access to additional information (e.g., access to word definitions in word problems)[17]. Therefore, the appropriate mathematical material to be taught using AR technology is geometry and integer operations, because this material is easily realized in the form of 3D objects on digital content on smartphones. With a 3D display object, students can easily observe and learn about digital content that appears on the AR application that
Unfortunately, some of the applications developed and published in the form of articles are not available or not easily accessible freely, so its use in the study of mathematics is still very minimal. This is what makes educators very unfamiliar with the use of AR applications in mathematics learning. The hope is that in the future, researchers can develop the AR application so that it can be accessed by educators, and can be used with students in mathematics learning. 

3. Research and Enhanced Skills on the use of AR
Education has a very important role in improving the quality of human resources at present and in the future[28]. One way is to integrate technology in learning to be able to improve the abilities that support learning mathematics. With advances in science and technology and the popularization of the educational environment in recent years, digital learning materials have gradually been introduced. Learn through digital tools, computers, or mobile devices to provide students with different learning modes. The development of AR in mathematics learning allows teachers to have more diverse teaching aids and multimedia applications. Students are allowed to study on their own after class. After the experiment, we found that students provided positive affirmation and positive learning attitudes towards interactive AR Mathematics Applications[29].
There have also been many abilities in mathematics learning that have been studied in recent years. Below is a table that shows the research that has been done and the results that have been achieved based on the ability to be improved in using AR in mathematics learning.

Table 2. List of AR research to improve skills in mathematics learning
	No
	Research
	Field
	Research Methods
	Results

	1
	The Effectiveness of AR-Geometry Interactive Book in Increasing Students' Mathematical Reasoning Skill
(S. Suherman et al - 2020) [18]
	Geometry
	Research and Development
	The use of AR technology in mathematics learning makes the learning process more enjoyable, interactive, and fun. The findings also show that there was an increase (reaching 33.4% increase) in students' reasoning abilities from the start by using books.

	2
	Instructional Media for Space Geometry Based on Augmented Reality to Improve Students' Spatial Reasoning
(A. Pangestu and W Setyaningrum - 2020) [9]
	Geometry
	Research and Development
	The results showed that AR-based learning tools improve students' spatial reasoning skills at the junior high school level. AR provides opportunities for students to explore geometric objects in three dimensions and from different angles.

	3
	How to improve critical thinking skills and spatial reasoning
with augmented reality in mathematics learning?
(S. Anggraini et al. - 2020) [30]
	Geometry
	Literature Review
	AR can improve critical thinking by utilizing features that can develop student confidence, facilitate student-centered learning, create problems, and create interactive learning. AR also makes students understand the understanding of objects in space and understand in imagining objects that change or move.

	4
	Can augmented reality improve problem-solving and spatial skills?
(MIS Guntur et al. - 2020) [3]
	Geometry
	Literature Review
	AR technology can improve problem-solving and spatial skills. Based on expert opinion, it was also found that the spatial and the problem-solving skills are interrelated when the spatial skill is enhanced through the use of AR, the problem-solving skills will also be facilitated and vice versa.

	5
	The Effect of Augmented Reality in Solid Geometry Class on Students' Learning Performance and Attitudes
(E. Liu et al. - 2018) [31]
	Geometry
	Experiment
	AR in solid geometry class has some positive effects on students' learning performance. AR could become a useful technology in learning in geometry and mathematics. Further studies compare the differences between AR and other multimedia tools, make AR technology correlated with well-designed inquiry-based learning. 

	6
	The Effects of Augmented Reality on Elementary School Students' Spatial Ability and Academic Achievement
(ET Gün and B. Atasoy - 2017) [32]
	Geometry
	Experiment
	Using AR materials in the educational environment increased the students' academic achievement. AR medium enriches the real objects by providing features, visuals, and animations related to volume, diagonals, and objects. The effects of the AR application on academic achievement were the same as their effect on spatial ability.

	7
	An Augmented Reality Application
to Enhance the Children's Engagement
in an Early Development Method
for Mathematics Literacy
(A. Solano et al. - 2017) [33]
	Integer Operation
	Experiment
	The application's intuitive capabilities in certain functionalities were still necessary for AR to be addressed to children between 4 to 7 seven years of age. However, its interaction methods with users and general interface design point to achievement of the system's ease of use and usability. This can help to increase the engagement of children to learn.

	8
	The Effect of an Augmented Reality Enhanced Mathematics
Lesson on Student Achievement and Motivation
(A. Estapa and L. Nadolny - 2015) [34]
	Geometry
	Experiment
	Students in digital activity increased their overall achievement, while the AR group demonstrated higher motivation. When achievement scores were closely examined for gain in technical and conceptual mathematics, there was a striking difference in both groups' overall learning gains.



From this table, it can be seen from the results of the study that the researchers focused on trying to improve certain abilities in students. There are seven identifiable types of abilities that increase based on the use of AR technology as a medium for learning mathematics. The 7 kinds of abilities are mathematical reasoning[18], spatial reasoning[9][30][3][32], critical thinking[30], problem solving[3], mathematical literacy[33], motivation[34] and student achievement[31][32][34]. Spatial reasoning is the ability most often found in various kinds of research because the material that is widely used as the subject of research is geometric. Students think this AR Math learning App is easy to use, helps to understand the calculation of volume, and there is no pressure to learn[29].
4. Results
We can conclude from the data found from table 1 and table 2, there are a total of 15 articles collected to see the AR application in mathematics learning that has been developed. From the two tables, two types of material are often used by researchers to use AR technology in mathematics learning, then there are seven abilities that have been successfully improved by using AR technology. From the results of the discussion above, the material suitable for use, and the student's increased ability to use AR technology in mathematics learning can be mapped, as shown in Figure 3. 
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Figure 3. Chart of fields and skills from using ar in mathematics learning
5. Conclusion 
Based on the results of the review above, it is concluded that there has been a lot of research and development regarding the AR integration in the mathematics learning process. The limitation of AR used on smartphone media, which only produces visual content, is only used around geometric materials and integer operations, where both materials use a lot of the same type of content. Then it was found that there were seven students' abilities in learning mathematics that could be improved by using AR. This makes AR can be considered as a solution that can be used in face-to-face and online learning during a pandemic like now. The constraints and limitations obtained are the lack of access to applications that have been developed so that not many can directly use them in teaching and learning activities. It is hoped that there will be more researchers and developers of this integration of education and technology in the future so that AR can benefit both educators and students during the teaching and learning process.
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