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Abstract. The pandemic covid-19 has brought a change in the order of life, including the learning process. Technology becomes indispensable to accelerate the process of learning during the pandemic. But not all technology can be applied in the learning process during this pandemic. One of the technology-based media that can be used is mobile game. Mobile game is game that specially designed to run on mobile devices, the edutainment-based mobile games are widely used as a learning media because it provides convenience for students to learn while playing.  The purpose of this article is to show what is mobile game and its benefits as well as how mobile games can be used as a media in math learning in the covid-19 pandemic.
Introduction
Nowadays there are events that have changed the order of life in the world which began with the emergence of the corona virus disease 2019 (covid-19). On January 30th, 2020, the World Health Organization (WHO) declared covid-19 a global public health emergency which has become an international problem, until March 11th, 2020, WHO declared covid-19 a global pandemic. [1]. To date, covid-19 has affected 215 countries and regions, with a total of 21,026,758 cases [2]. The outbreak of this pandemic case resulted in all teaching and learning processes for students being temporarily carried out at home. This needs to be done in order to minimize mass physical contact so as to prevent the spread of the virus. Obviously, this pandemic has an impact on the learning process in educational institutions ranging from basic education to tertiary education [3].
The world of education faces new challenges in implementing the learning process boldly during the pandemic. Teaching and learning bravely was an unprecedented experience for most teachers and students. The importance of technology is felt during this pandemic, because technology is indispensable to accelerate the learning process during a pandemic [4]. Technology-based media that can support and facilitate students in the learning process of mathematics in particular, during this pandemic, one of them is mobile games.
Mobile games are video games played online via a mobile device, and are particularly popular when downloaded for free (“freemium game”, games played for free and where customers can pay for extra features), and can be single player or multiplayer games [5]. Integrating mobile games into mathematics learning can be a new, fun and interactive way of learning mathematics that will be available to students [6]. All this because students would rather play their favorite game than have time to learn the lessons they need in their early academic stages, and if we can combine games and education, two things that catch students' attention, this can help students learn while having fun. Game-based learning has been part of education for decades. However, with the advancement of new technology, mobile games have recently emerged as a new teaching tool. When students are exposed to new technologies and trends, they adapt their learning styles. Mobile games can be an alternative media choice in the mathematics learning process during a pandemic, because of the many advantages of mobile games that can minimize the obstacles that occur during the pandemic.
This article aims to show the benefits of mobile games and discuss the barriers to the learning process that improve students during the pandemic and how mobile games can be used as a medium for learning mathematics in the Covid-19 pandemic. The findings from this study will help advance our understanding of the benefits of mobile games as a learning medium during the covid-19 pandemic.
Method
The method used in this study is a literature review, based on the knowledge, ideas and findings contained in the literature. This is done to find information related to the use of mobile game media in learning and learning that occurred during the Covid-19 pandemic. Data were collected and analyzed in the form of literature. The data analysis technique was carried out in several steps.
The first step is to collect literature on mobile games and learning during the Covid-19 pandemic. The data were obtained through a search on Google Scholar using the keyword "mobile game" then using the keyword "covid-19". The second step is to filter the data to match what is needed, because not all articles discuss the use of mobile games in learning and not all articles discuss in detail learning during the Covid-19 pandemic. In the third step, the author identifies the use of mobile games in learning, learning problems during the Covid-19 pandemic. Then the writer links this to make a conclusion.
Result and discussion
Mobile Game
In the last decade, a number of initiatives have been launched to take advantage of mobile technologies and applications in the education sector [7]. Mobile games are examples of successful mobile applications and demonstrate an increasing platform reach for the media and entertainment industry [8].  
Every country and every institution has different definitions and terminology related to the definition of mobile games. 
Mobile games are more precisely mobile network games are narrowly defined as games played on handheld devices with network functionality. Two important points of this definition are portability and networkability. In this definition, mobile games are generally referred to as games played on mobile devices such as cell phones and PDAs with wireless communication functions. There are four mobile game factors that are advantages over gaming platforms, namely in terms of portability, accessibility, network capabilities, and simplicity. Portability (i.e. mobility), the user can play the game at any time, this feature attracts many novice users who play simple mobile games such as puzzles, cards or word games, as these games can be played at leisure in a short time. Compared to players in other genres such as role playing games (RPGs) and simulation games that take a long time to play, novice users vary widely in terms of age and many female players fall into this group. This is one of the strongest potentials of mobile gaming. The second character of mobile games is accessibility. This can be defined to the extent that one can use a mobile device to play games anytime and anywhere. The third category is network capability, game users can play the game without limitations in terms of location, machine, and time. The final characteristic is its simplicity of use: mobile devices more easily serve other platform engines. In addition, it is much easier to acquire game skills and lay out other platforms [9] .
In the world of education, edutainment-based mobile games are often used because they make it easy for students to learn while having fun. There are five criteria in mobile game development. Table 1 below describes the criteria for a game to be attractive and applicable to any situation [10]. 


	Table 1. Adapting the criteria of the game.

	Criteria
	Function

	Goals
	The players know what they are essential to do in order to complete the game level. The instructions are explicitly given in the game menu. In each level, the player will be challenged with different random equations, and the player needs to find a box which contains the correct answer as fast as possible

	Rules
	The rule governs the organization structure of the game. The rule, such as time limit or meeting specific demand to advance to the next stage will be implemented

	Competition
	User will compete against a time limit as they try to solve the comparison as fast as possible

	Challenge
	To add excitement to the user, the platform layout has been designed to challenge player agility to pass through the obstacle

	Fantasy
	The game will base on fantasy environments such as dungeon exploration and jungle exploration. This game brings the player to fantasize of being in the maze in search of the correct answer

	Entertainment
	The game will provide a fun learning experience towards the user with the beautiful music and graphics



The use of mobile games as learning media can make learning fun, interactive, and can help students understand the learning materials in a fun way [11]. This is the same as described by Piriyasurawong that mobile games can facilitate students in learning while playing and also improve students' problem solving abilities. In addition, mobile games can be used for independent study and provide motivation to learn mathematics [12]. Like the simple MathRush mobile game that provides a challenge for users or students who are just starting to learn the basic principles of mathematics and have fun at the same time, this game can also be played anywhere and makes students interested in learning and practicing mathematics [13]. 
Mobile games are considered an effective medium for teaching difficult and complex procedures in the learning process because: (a) use actions rather than explanations, (b) create motivation and personal satisfaction, (c) accommodate various learning styles and skills, (d) strengthen mastery skills, and (e) provide interactive context and decision making. Given these benefits, more and more educators are using games as a medium in formal school settings[14]. Kebritchi conducted a study aimed at examining the effect of Dimension games on mathematics learning achievement and high school student motivation. The results show that this game has a significant positive effect on mathematics learning achievement and student motivation in the public high school environment. Students who played the game scored significantly higher on math exams than students who did not play the game.
Study conducted for 2 years by [15] reported the use of the A.L.E.X math mobile game that was tried out on a group of 15 students (eight boys and seven girls), aged 10–11 years. The same group of students was visited twice over a two year period, and teaching interventions were organized. In both interventions, the A.L.E.X application accompanied by student worksheets is the main means of learning. The findings from teaching interventions show that mobile games have a lot of promise as a medium for reforming mathematics education. When learning using mobile game media, children identify and process mathematical themes that arise spontaneously. They experience a unique emotion of surprise and enthusiasm regarding the existence of games with mathematical content. This helped them to broaden their essentially narrow view of mathematics as computation and arithmetic.
 Research conducted by [16], trying out a mobile math game, namely knowledge battle to 134 first grade students, the results of this study indicate that this game can improve students' math skills. Mobile games can be a medium for learning mathematics in schools and can be a medium for independent learning at home when there are underdeveloped mathematics learning at school. 
Further investigation on the use of maths mobile game applications to learn statistical concepts. Choosing appropriate games, engaging in exploration of virtual worlds and activities that are truly authentic, can help students to eventually become independent and more reflective learners. The use of games in mathematics learning can strengthen student independence, ingenuity, creativity, personalized learning, and collaborative learning [17]. Furthermore, a mobile game that requires players to solve math puzzles using simple arithmetic, inequalities, algebraic equations, and graphics shows that the use of games increases motivation and retention of subject matter. Some progress has also been observed in students' final exam results, this game helps them focus on improving their math skills via smartphones[18].  
The benefits of mobile games in learning have also been explained by Nugroho, the use of geometric line and series mobile games in learning can increase high school students 'interest and learning outcomes in mathematics, this can happen because games are something that is popular and can attract students' interest. An attractive appearance and ease of learning mathematics in the game will increase students' interest in learning mathematics. Various studies both at home and abroad show that the use of mobile game media can improve the quality of education [19].

Learning during the Covid-19 pandemic
Learning during the covid-19 pandemic brought unprecedented changes, learning was carried out online, which of course the role of technology is very important in the current pandemic. Teachers must ensure teaching and learning activities continue, even though students are at home. Several articles disclosed the obstacles that occurred during the learning process during this pandemic. The most significant obstacles are at the student level, including students' lack of knowledge and skills in using e-learning, student motivation in learning online and lack of internet connection access.[20]. Other obstacles encountered were students' understanding of a material that was not deep enough and the emergence of a feeling of saturation in students who felt they were only struggling with assignments and unclear explanations of the teacher when learning through face-to-face applications when the signal was bad so that the material presented was unclear [21].
During the learning process during this pandemic, students felt bored and depressed with the routine of learning from home [22]. On the other hand, learning at home creates various new learning perspectives that have an impact on the learning process, one of which is the face-to-face or face-to-face online learning model. Some students think this is less effective because many students are constrained by the network so that learning becomes intermittent and learning becomes lagging [23]. 
All of these obstacles need to be considered in the face of an event such as a pandemic that forces teachers and students to quickly adjust to different teaching and learning styles. The solution, choosing the right learning media can help the learning process while at home. Wijaya revealed that researchers all over the world have made effective learning media during this pandemic, this is of course an effort to facilitate student learning while at home.
Media is a tool that can facilitate learning. During a pandemic like this, the role of technology-based media is needed to accelerate the learning process and facilitate students in learning at home. In general, technology in education can be used as an effective learning medium to improve students' mathematical abilities[24]. As an alternative option, mobile games can be a learning medium to facilitate students while studying at home. This is because some of the obstacles that existed during learning during the pandemic can be helped by the advantages of mobile game media. As previously explained, how mobile games can be used as a medium for learning mathematics in the Covid-19 pandemic can be seen in figure 1
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The advantages of mobile games as a media
Learning constraints during a pandemic
1. Make learning fun

2. Make it easy for students to learn while playing

3. Can be used for independent study

4. Creating motivation and personal satisfaction 

5. Can be used anywhere and anytime

6. Can be used offline

7. Can make students interested in learning and practicing mathematics 

8. Has a positive influence on mathematics learning achievement

9. Helping students focus on improving math skills

10. Strengthens student independence, ingenuity, and creatifity.


1. The teaching and learning process is carried out from home

2. Low student motivation in learning online

3. Stufents feel bored

4. Siswa Students feel anxious and depressed

5. Lack of students' knowledge and skills in using e-learning

6. Lack of internet connection access

7. Students experience obstacles in understanding the material

8. Lack of clarity in the material presented when using a face to face application

9. Students feel they are only engaged in assignments






































Figure 1.  The relationship between the advantages of mobile games and learning constraints during a pandemic

Even though students are at home, the learning process can still be done with the help of technology-based media such as mobile games. In addition, teachers can still monitor students and provide instruction in class groups online, as well as communicate with parents about the student learning process at home. Mathematics learning that uses mobile games as a medium of learning has the potential to make students more motivated and feel happy about learning a particular topic because of the benefits of the mobile game itself. So that mobile games can be used as a medium for learning mathematics to facilitate students in the learning process during the pandemic.




Conclusion
Mobile games can be used as a media in the mathematics learning process during this pandemic. This is because the advantages of mobile games have the potential to overcome several obstacles that occur during the learning process during the pandemic. It is realized that the advantages of mobile games cannot solve all the problems that occur during the pandemic. However, the use of mobile game media in mathematics learning has the potential to reduce existing obstacles. The selection of the mathematical mobile game used, of course, must match the existing criteria. So that teachers can choose mobile games that match the learning objectives.


[1]	 Cucinotta D and Vanelli M 2020 WHO declares COVID-19 a pandemic Acta Biomed. 91 157–60
[2]	 WHO 2020 Coronavirus Disease (COVID-19)
[3]	 Sahu P 2020 Closure of Universities Due to Coronavirus Disease 2019 (COVID-19): Impact on Education and Mental Health of Students and Academic Staff Cureus 12 1–6
[4]	 Mulenga E M and Marbán J M 2020 Prospective Teachers’ Online Learning Mathematics Activities in The Age of COVID-19: A Cluster Analysis Approach Eurasia J. Math. Sci. Technol. Educ. 16 1–9
[5]	 Lopez-Fernandez O, Männikkö N, Kääriäinen M, Griffiths M D and Kuss D J 2018 Mobile gaming and problematic smartphone use: A comparative study between Belgium and Finland J. Behav. Addict. 7 88–99
[6]	 Castillo R E, Cheng C J, Agustin J S and Aragon M C R 2019 Development of an educational mobile game applications for Grade 5 for Knowledge Channel Inc. International conference on information science and systems vol Part F1483 pp 99–104
[7]	 Kearney M, Burden K and Rai T 2015 Investigating teachers’ adoption of signature mobile pedagogies Comput. Educ. 80 48–57
[8]	 Feijoo C, Barroso J L G, Aguado J and Ramos S 2012 Mobile gaming : Industry challenges and policy implications Telecomm. Policy 36 212–21
[9]	 Jeong E J and Kim D J 2009 Definitions, Key Characteristics, and Generations of Mobile Games Mobile Computing: Concepts, Methodologies, Tools, and Applications ed M K Pour (New York: IGI Global) p 289
[10]	 Piriyasurawong P and Ruangvanich S 2019 Mobile Learning of Mathematics Games to Enhance Problem-Solving Skill Pallop Proceedings of the 22nd International Conference on Interactive Collaborative Learning (Springer) pp 79–90
[11]	 Suganob I D 2019 The Effects of Localised Mobile Game for Grade 11 Mathematics Learning. J. Sci. Math. Educ. Southeast Asia 42 11
[12]	 Sutopo H and Pamungkas W 2017 Developing Mathematics Mobile Game to Enhance Learning for Children International Conference on Computational Science and Engineering (CSE) and IEEE International Conference on Embedded and Ubiquitous Computing (EUC) vol 1 pp 191–7
[13]	 Mat N, Mohd K and Ismail M 2010 Discover Mathematics on Mobile Devices using Gaming Approach International Conference on Mathematics Education Research 2010 vol 8 pp 670–7
[14]	 Kebritchi M, Hirumi A and Bai H 2010 The effects of modern mathematics computer games on mathematics achievement and class motivation Comput. Educ. 55 427–43
[15]	 Kyriakides A O, Meletiou-Mavrotheris M and Prodromou T 2015 Mobile technologies in the service of students’ learning of mathematics: the example of game application A.L.E.X. in the context of a primary school in Cyprus Math. Educ. Res. J. 28 53–78
[16]	 Hieftje K, Pendergrass T, Kyriakides T, Gilliam W and Fiellin L 2017 An Evaluation of an Educational Video Game on Mathematics Achievement in First Grade Students Technologies 5 1–8
[17]	 Mavrotheris M M, Tsouccas L and Paparistodemou E 2018 Digital Games as Tools for Enhancing Statistics Instruction in the Early Years: A Teaching Intervention Within a Grade 2 Mathematics Classroom Maria International Conference on Games and Learning Alliance vol 2 pp 414–7
[18]	 Kalloo V and Mohan P 2011 An Investigation Into Mobile Learning for High School Mathematics Int. J. Mob. Blended Learn. 3 59–76
[19]	 Nugroho S 2014 Pemanfaatan Mobile Learning Game Barisan Dan Deret Geometri Untuk Meningkatkan Minat Dan Hasil Belajar Matematika Sma Kesatrian 1 Semarang Indones. Digit. J. Math. Educ. I 1–7
[20]	 Mailizar, Almanthari A, Maulina S and Bruce S 2020 Secondary school mathematics teachers’ views on e-learning implementation barriers during the COVID-19 pandemic: The case of Indonesia Eurasia J. Math. Sci. Technol. Educ. 16
[21]	 Wiryanto 2020 Proses pembelajaran matematika di sekolah dasar di tengah pandemi covid-19 J. Rev. Pendidik. dasar J. Kaji. Pendidik. dan Has. Penelit. 6 1–8
[22]	 Kusmaryono I, Maharani H R and Rusdiantoro A 2020 STUDENT ’ S OPTIMISM AND PESSIMISM AGAINST MATHEMATICS LEARNING SUCCESS IN THE PANDEMIC COVID-19 JUDGING FROM GENDER J. Crit. Rev. 7 1841–50
[23]	 Kamal A A, Shaipullah N M, Truna L, Sabri M and Junaini S N 2020 Transitioning to online learning during COVID-19 Pandemic: Case study of a Pre-University Centre in Malaysia Int. J. Adv. Comput. Sci. Appl. 11 217–23
[24]	 Wijaya T T 2020 How chinese students learn mathematics during the coronavirus pandemic Int. J. Educ. Res. Innov. 15 1–16

