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Abstract 

Augmented reality (AR) has proven to be useful in education as it changes the way students interact 

with the real world, enhances student engagement, and makes the learning more fun. When 

incorporated with gaming elements into education, AR motivates students to explore and learning 

environment becomes more interactive. Understanding the characteristics of game-based learning 

employing AR technology in education, in particular, aids developers in creating meaningful AR 

application. The aim of this research is to conduct a review of scientific papers on AR game based 

learning and the use of augmented reality in education. In this study, the elements or features of 

AR game based learning, factors such as advantages towards the use of AR in a learning 

environment are discussed. Findings regarding the effects of the game and AR based learning 

environments in the learning processes for students are also discussed.  
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1. Introduction 

IR 4.0 has  changed  the  landscape  of  innovation  in  education. IR 4.0 is  controlled  by  digital  

tools and  introduces  future  education  models  by  focusing  on  smarter, mobile,  comprehensive,  

and  virtual  education  and  skills  development. Games for learning can promote the  21st  century  

skill  set:  Creativity  and  innovation  learning; collaborative  learning;  problem  solving  and  

critical  thinking.  

  

An educational game is defined as a game being designed and used for teaching and learning (Rula 

Al-Azawi et al. 2016). In educational games, normally it combines the elements of fun and 

educational concepts to increase student’s motivation and engagement. Salen and Zimmerman 

(2004) in (Plass et al. 2019), define a game as “a system in which players engage in an artificial 

conflict, defined by rules, that results in a quantifiable outcome”. To extend the definition, games 

for learning may be defined as games with specific learning goals. According to Mayer in (Plass et 

al. 2019), the characteristics of games are: they are rule based, following clearly defined rules of 

play; they are responsive, enabling player actions and providing system feedback and responses; 

they are challenging, often including and element of chance; the progress within a game is usually 
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cumulative, reflecting previous actions, and finally, games are inviting, motivating the player to 

engage.  

 

To date, games are also impacting on the landscape of education. In educational games, we could 

combine the elements of fun and educational concepts to increase student’s motivation and 

engagement. We believed that using game based learning is better than traditional lecture 

instruction, producing better learning effects and higher learning motivation. Being more attractive 

to learning attention of students compared to traditional instruction, they can increase learning 

motivation promote problem-solving ability, and result in achieving better learning effects (Chen 

et al. 2014). Old teaching methods mechanism is no longer beneficial to the students because of 

some reasons such as the students will not be able to think out of the box and to do some kind of 

practical assessment under the old mechanisms. In old teaching mechanism, the students focus only 

on the exams rather than trying to understand the underlying concepts of the subject matters. So, 

there arises a need to let the students learn in their own ways, rather than focusing on the exams 

without understanding the subject matters. 

 

This research aims to conduct a review of scientific papers on game-based learning and the use of 

augmented reality in education. By understanding the characteristics of game-based learning 

employing AR technology in education, in particular, it will help developers in creating meaningful 

AR application for future. Findings regarding the effects of the game and AR game based learning 

environments in the learning processes for students are discussed. In addition, several 

recommendations for the creation and use of new educational games and AR applications have 

been created, which will help the gaps in AR studies and students' learning processes in terms of 

potential study. 

 

 

2. Game-Based Learning 

Game Based Learning (GBL) is being used to encourage students to participate in learning while 

playing, and make the learning process more interesting by adding fun to the learning process (Rula 

Al-Azawi et al. 2016). Besides GBL, there are other terms that used such as Gamification and 

Educational Game. The difference between GBL and Educational Game is that GBL will turn a 

singular learning objective from an e-learning course into a game, whereas Gamification takes the 

entire eLearning process and turns it into a game. The comparison concept of the terms is depicted 

in Table 1 (Rula Al-Azawi et al. 2016). 

 

Table 1: Comparative analysis 

Comparison 

points 

Game Based 

Learning 

Gamification Educational Game 

Concept Use of games to 

enhance the learning 

experience 

Gamification is the idea 

of adding game 

elements of a non-game 

situation. They reward 

users for certain 

behaviors. 

Are designed to help 

people to learn about 

a certain subject, 

expand concept, 

reinforce 

development, 

understand historical 

event or culture. 

Objective To achieve in the 

game motivate 

students 

Learn a motivation 

from game 

For teaching the basic 

and certain subject 
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Challenge Challenges are part 

of the game must be 

solved. 

Looking for a new way 

to approach challenges 

May or may not 

Character Characters situation Player avatar weak 

story 

Narrative , characters 

Techniques 1.Motivation 

2.Relevant 

practice 3.Specific 

timely 

4.Story, emotional 

5.Game goals , 

challenges 

1.Progressing to 

different 

levels 2.Scores 

3.Avatars 

4.Virtual currencies 5 

.Competition with 

friends 

1.Learninig 

2.problem 

solving 3.Adaptation 

4.Interaction 

5.enjoyment and 

pleasure. 

Benefits 1.Increases A Childs 

Memory Capacity 

2.Computer , 

Simulation Fluency 

3.Helps With Fast 

Strategic Thinking , 

Problem-Solving 

4.Develops Hand-

Eye 

Coordination 

5.Skill-Building (e.g. 

map reading) 

1.Better Learning 

Experience 2.Better 

Learning Environment 

3.Instant Feedback 

4.Prompting 

Behavioral Change 

5.Can Be Applied For 

Most Learning Needs 

1.Motor Skills 

2.Social Development 

3.Focus and Memory 

4.Self-Esteem 

5.Creativity 

Rewards Intrinsically rewards, 

Losing may or may 

not be possible 

because the point is 

to motivate people to 

take action and learn. 

Earn experience points 

and level up 

Scoring points 

Levels , costs Expensive , hard Cheaper , easier All levels, expensive 

Content Usually morphed to 

fit the story and 

scenes of the game 

Features are added to 

the LMS or any other 

system. 

a structured, 

competitive 

activity, game played 

within a context of a 

story or a created 

history. 

 

 

GBL is a powerful learning tool as it allows students to maximize engagement in learning. Learners 

learn better in gamified environments as it is truly engaging, fun, motivating and enjoyable. Game 

and courses are combined because the traditional learning process is boring and game-based 

learning can improve learning motivation of students. 

 

GBL is increasingly used in the following areas (Ke, 2008), (Andreas & Ebner, 2007):  

• Material that is dry, technical and boring  

• Subject matter that is really difficult  

• Audiences that are hard to reach  

• Difficult assessment and certification issues  

• Complex understanding process  
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• Sophisticated what if analyses  

• Strategy development and communication  

• Increasing the learning interest and motivation of students  

 

 

The use of gamification has positive effects on learners’ learning experiences and learning 

outcomes. Game-based learning is also viewed as an approach to teaching, where students discover 

and explore elements or aspects of games in a learning paradigm developed by the teachers. 

 

According to An (2020) using game elements or terms in the learning process may be very effective 

in terms of getting students' attention, but it should be kept in mind that some gamifications which 

have poor design can have negative effects in terms of student motivation and learning.  

 
 

3. Augmented Reality 

The concept of augmented reality (AR) technology was first introduced by Ivan Sutherland in 1965. 

However, it was until the early 1990s that the term augmented reality (AR) was first used by 

Caudell & Mizell (1992), who developed an AR system as a tool to train employees at Boeing 

Corporation USA, understand and operate on-board wiring. Milgram and Kishino (1994) also 

introduced the Reality-Virtuality taxonomy to identify the relationship between real environment 

and virtual reality (VR) as seen in Figure 1. Based on the taxonomy, virtual environment refers to 

the VR environment that features all objects virtually. Reality (AR) is located near the real world 

where the real world is expanded with computer-generated virtual objects. Augmented Virtuality 

(AV) is a system that is usually in the form of synthetics with few images from the real world such 

as patterns mapped to virtual objects. Mixed reality (MR), on the other hand, is a combination of 

expansive reality (AR) and expansive virtuality (AV). 

 

 

 

 

 

 

 

 
Figure 1:  Kontinuum reality-virtuality Milgram. 

 

 

4. Augmented Reality Game Based Learning 

 

Game-based learning (GBL), widely applied in AR education research, resonates with the 

constructivist approach. GBL can transfer contextually relevant information in an immersive game 

environment more readily to real-life applications (Brom et al., 2010). It has been regarded as an 

effective and engaging method for learners (Eck, 2006) to connect their knowledge tightly with the 

physical and social worlds (Gee, 2008). Pedagogically, AR GBL can foster an experiential learning 

environment to convert boring instruction into a more entertaining experience (Lu and Liu, 2015). 

Learners are motivated to maintain positive learning behaviors (Kiili, 2005) which are positively 

correlated with deep learning and higher-order thinking (Crocco et al., 2016).  

Games and technology represent perfect environments to facilitate exploration, having a strong 

impact on a student’s ability to learn-by-doing and immediate acquisition of knowledge and skills. 

Mixed Reality 

(MR) 

Real Environment 
Augmented 

Reality (AR) 
Augmented 

Virtuality (AV) 
Virtual Environment  
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There are several significant educational projects using AR for GBL either for academic or for 

undergraduate educational use. One of the first MAR game is Arquake, an outdoor game 

(Piekarski & Thomas 2002). MIT and Education Arcade conceived several AR and simulation 

games for high schools, such as a)“The Radix Endeavor”, a multiplayer online game for science, 

technology, engineering, and mathematics learning, “providing students with a collaborative, social 

experience”; b) “StarLogo TNG”, a game for “modeling and simulation of complex systems, which 

uses 3D graphics and sound, a block-based programming interface, for creating educational video 

games”. Table 2 shows the examples of research on AR Game Based Learning. 

While playing and interacting with different forms of reality, students can sometimes learn without 

even realizing it! Fun and engagement are the background on which abilities and understanding are 

constructed. Theory and practice are smoothly integrated in the process of solving issues within the 

scope of a game. 

In developing AR GBL basically, it follows fundamentally the same principles as for the regular 

games (Kafai 2006). Augmented Reality games feature the following elements: i) enhanced 

perception using a mixed-reality environment and a sense of immersion; ii) player-oriented, based 

on a dynamic environment, dependent on device orientation and movement; iii) point-and-click 

interface and a natural (gesture-based) human-computer interaction; iv) context-aware, i.e. outdoor 

games; v) can integrate user created content; vi) support social learning, in online scenarios; vii) 

support multimedia-based content and storylines; viii) user mobility, i.e. supports situated and true 

learning contexts. 

Learning does not take place only within a game, but also through guidance from teachers, 

interaction with peers, and other sources. Therefore, it is indispensable to conceive the game and 

the pedagogy as inseparable entities for GBL. The view of GBL as both a technological and 

pedagogical innovation seems like an ideal model for schools, as most learning activities in schools 

involve teacher guidance and the use of technologies. In order to make a meaningful learning using 

AR GBL, teachers or designers need to design the instruction that follow the characteristics of 

games. 

Table 2: Research on AR GBL 

Research Area Researcher Results 

Measuring Tajweed 

Augmented Reality-

Based Gamification 

Learning Model 

(TARGaLM) 

Implementation for 

Children in 

Tajweed Learning. 

Tajweed Nurtihah Mohamed 

Noor, Marina Ismail1, 

Rahmah Lob Yussof and 

Fakhrul 

Hazman Yusoff, (2009) 

Positive results of the measures 

exhibit that the learners feel the 

experience and motivation better 

than other approaches. Furthermore, 

positive improvement of Quranic 

recitations also indicates that the 

elicitation of positive emotions 

through experience and motivation 

facilitates the cognitive process and 

retention of the learners, which are 

consistent with past studies by 

Ismail et al. (2011) and Muhammad 

et al. (2012). 

Investigating the 

Learning Impact of 

Game-based Learning 

when Teaching 

Science Nour El Mawas, 

Marilena Bratu, 

Dorothea Caraman, 

The paper presents a  research  study  

on  learner experience  when  a  new  

interactive  educational  3D  video  

game  called  Final  Frontier,  was  



Proceeding of ITREXC 2021 e-ISBN: xxx-xxxx-xx-x 

International Innovation, Technology & Research Exhibition and Conference 

November 2 & 3, 2021, Selangor, MALAYSIA  

6 

 

Science to Children 

with Special Learning 

Needs 

Cristina Muntean, 

(2019) 

used  in  a  secondary school  from  

Romania  by  children  with  hearing  

impairment.  Pre- and Post- tests  

results  analysis  has  shown that  the  

game  helped  the  children  to  

acquire  knowledge  on  the  Solar  

system. 

Developing Physics 

Experiments Using 

Augmented Reality 

Game-Based 

Learning Approach: 

A Pilot Study in 

Primary 

School 

Physics Zafeiropoulou, M.; 

Volioti, C.; 

Keramopoulos, E.; 

Sapounidis, T., (2021) 

The ARGBL application is used to 

perform a pilot experiment in a 

primary school, where the results 

were very satisfactory 

and showed that this approach 

greatly improves the educational 

process as it increases the 

fun, enjoyment, engagement and 

interest in the course 

 

5. Conclusion 
 

GBL is an innovative approach to learning, as new technologies and applications are continuously 

emerging. However, the most important goal of any digital game-based instructional material is to 

increase learning. Compared with traditional lectures, digital game based approaches can indeed 

produce better learning effects, which underscore the need to develop appropriate instructional 

materials. In this paper we identified, from relevant research sources, essential aspects of game-

based learning paradigm and GBL features, which can be applied in the design of AR-game based 

learning. The use of mobile AR GBL in learning processes can add support for a contextual, situated 

and pervasive learning. Findings regarding the effects of the game based learning and AR-based 

learning environments in the learning processes for students will take into consideration for the 

creation of new AR game based learning application for future. 
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