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Abstract: Self Efficacy (SE) plays an important role in improving students' academic 

achievement in science education. This study explores the integration of Alternate Reality Games 

(ARG) and Augmented Reality (AR) technology to improve students' SE during science learning. 

Employing a Systematic Literature Review (SLR) guided by the PRISMA framework, this 

research analyzes 41 studies published between 2020 and 2024. The PICO methodology was 

applied: Participants (students in science education), Intervention (ARG and AR implementation), 

Comparison (traditional teaching methods), and Outcome (improved SE). ARG immerses 

students in interactive narratives and problem-solving scenarios, fostering critical thinking and 

resilience, while AR enhances conceptual understanding through immersive and visual 

simulations of scientific phenomena. The combined ARG and AR app offers a comprehensive 

learning experience, facilitating deeper engagement and increased confidence in academic 

abilities. However, challenges such as technological infrastructure and educator readiness remain 

significant barriers to implementation in developing countries. These findings highlight the 

complementary roles of ARG and AR in advancing science education, demonstrating their 

potential to create inclusive and engaging learning environments. However, AR plays a more 

significant role than ARG, particularly in enhancing students' conceptual understanding and 

active participation, which directly impacts their self-efficacy.        

 

Keywords: self efficacy, alternate reality games, augmented reality.    

 

▪ INTRODUCTION 

The results of the research revealed that students’ failure in achieving academic 

achievement optimally in science was caused by the lack of their SE when they learned 

science (Chan & Lay, 2021; Hafizan et al, 2024 & Hasanah et al, 2021). Self-efficacy is 

students’ belief that they can achieve their goal based on their ability and their existing 

condition (Bandura, 2006). If student has high SE, she or he can improve their 

metacognitive skill, such as: planning, monitoring and evaluating the situation that the 

student faced (Karaoğlan-Yılmaz et al, 2019). SE is an essential factor which influences 

the level of effort expended and student persistence in learning (Mornar et al, 2022, 

Zimmerman, 2000). A meta-analysis study done by Richardson et al (2012) revealed that 

SE is the most effective predictor of student’s achievement in science of all other 

constructs, such as: intrinsic motivation, extrinsic motivation, and learning goals. 

There are two types of SE based on science leaning context (Yang et al, 2021): (i) 

SE of Science Learning Ability refers to student's self-confidence if the student has ability 

to finish his or her study successfully, to get good score and to avoid academic failure. 

This SE leads to student’s confidence in learning science. (ii) SE of Science Learning 

Behavior relates to student’s self-confidence regarding his or her ability in adopting 

certain learning method to achieve learning goals. This SE is more inclined to self-

confidence regarding the application of effective learning method. Therefore, several 

methods to increase student’s SE in science context had been done by several researchers 
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(Xinyang Hu et al (2022). One of the methods had been done by Han et al (2021) by 

integration Science subject with Technology, Engineering, and Mathematics (STEM). 

This method encouraged students to act as scientists in problem solving and it showed 

that it was able to strengthen students’ SE in science.  

Another study showed that active learning and setting students’ independent 

learning have been proven to be able to increase students’ SE in finishing science 

assignments (Bogdan et al, 2024; Wang, 2023). Giving bigger responsibility of learning 

process to students can encourage students to increase their SE through learning 

experience which is more independent and reflective. By this method, students felt secure 

to experiment and to ask, so it has an impact of increasing SE significantly and learning 

process became more effective dan useful. One of learning approaches that has potential 

to increase students’ SE is ARG approach. ARG is an approach which combines real and 

digital element in the form of interactive narrative media which the players engage in 

puzzle, story and real-life activity (Sofianidis et al, 2024). In ARG, narrative is built in 

layers by utilizing digital technology, such as: website, email, social media and physical 

elements (geographical location, newspaper and book) (Tulloch et al, 2021). These 

elements make the game set in fictional world feel real. Moreover, ARG encourages 

students to play an active role to find instructions in completing tasks and challenges on 

digital platform. It can hone student’s cognitive skill and emotional abilities (Elsom et al., 

2023). Result of study by Shchory et al. (2024) showed that ARG could create interactive 

learning environment, decrease anxiety level and increase student’s SE. 

 Apart of ARG utilizing digital technology, there are some approaches which are in 

line with advances in digital technology, Artificial Intelligence (AI), Internet of Things 

(IoT), and Cloud Computing namely AR (Dargan et al, 2023). AR is an approach which 

is utilizing technology and combining real world and digital element which virtual objects 

were projected into the physical environment via a device, such as: smartphone, tablet or 

special headset. Report from International Data Corporation (IDC) predicted that AR 

market will achieve more than $50 billion than 2026 (Golov et al, 2023). The rapid 

development of AR shows the big potential in the future especially in science education 

field (Masneri et al, 2024). ARG and AR have their own unique characteristic to create 

learning science experience which is deeper and interactive. By combining ARG and AR, 

learning became more immersive where interactive narrative brought by ARG was 

enriched by digital elements that were visible directly in the real-world through AR. This 

combination did not only encourage students’ involvement in solving science complex 

task through ARG, but it also involved students to interact directly through AR to increase 

SE.  

There have been many studies which tried to explore ARG and AR contribution in 

increasing student’s SE in learning science, but comprehensive study which is focused on 

both contributions simultaneously in self-efficacy is not still widely done. For instance, a 

study done by Angelos Sofianidis was still focused on AR and ARG implementation in 

education context especially in increasing learning experience and student learning 

outcomes (Sofianidis et al, 2024). A study done by Nguyen (2023) also reviewed several 

literatures to highlight effectiveness, challenges and opportunities which was offered by 

the combination of AR and ARG in STEM education context. The main focus of the 

research was about how the integration of both technologies could enhance engagement, 

motivation and student learning outcomes in STEM education.  
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Based on the previous descriptions, there is a research gap related to AR and ARG 

in increasing student’s self-efficacy in learning science. Therefore, this research focused 

on how ARG and AR contribution could increase students’ SE and focused on 

implementation challenges, such as: insufficient technology infrastructure and teacher 

training need, especially in developing countries. This research is expected to be able to 

give specific understanding toward learning approach and student challenges in learning 

science and provide relevant solution to overcome the challenges in education context in 

developing countries.  

By doing SLR will be able to capture findings that have been existed and to give 

more comprehensive analysis related to ARG and AR in increasing student’s SE in 

learning science effectively. The statement revealed that even though there have been 

many studies which have been conducted in recent years, but there is still a need to look 

at research trends related to ARG and AR in increasing students’ self-efficacy in learning 

science.  It means that it requires research which is more structured and comprehensive 

to see if ARG and AR simultaneously can provide contribution in increasing students’ 

self-efficacy or both contributions partially. Findings in this research is expected capable 

to give contribution substantially in increasing students’ SE by presenting learning 

environment which is more inclusive and interesting through the implementation of AR 

and ARG approach which is proven to be effective in supporting learning process.       

 

▪ METHOD 

This research was descriptive qualitative study which used Systematic Literature 
Review (SLR) to identify, to analyze and to synthesize literature systematically. SLR is 
data preparation method systematically (Baktayan et al, 2024) which is to analyze and to 
summarize relevant researches as basic problem solving. This technique combines several 
sources including article journal, book and website to develop solid theoretical basis 
(Ramsurun et al, 2024). Literature used in this research included journal and article 
journal which was focused on the implementation of ARG and AR in increasing students’ 
self-efficacy.  

This research applied Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method which was designed to increase transparency and 
comprehensiveness in systematic review report and meta-analysis (Ranjbar et al,. 2024; 
Cevikbas et al,. 2024). This research was to investigate the potential of increasing 
students’ self-efficacy through the implementation of ARG and AR approach. Literature 
review was done by searching related article journal about ARG and AR which were 
taken by several reputable databases, such as: Scopus, Springer, Crossref, and Eric which 
used a tool called “Publish or Perish” to ensure the completeness and the source relevance.  

 
Search Strategy 

PRISMA methodology ensured that every selected source fulfilled the relevance 
and validity criteria for systematic analysis. Article selection process was customized to 
specified guidelines. Article was searched by keywords drawn in Table 1. 

Table 1 showed that keywords used to search relevant articles were ARG and AR. 
The focus determined in this literature led to ARG and AR approach in increasing 
students’ self-efficacy in learning science. There were 2.652 literatures from four 
databases which were relevant with the keywords. Then, those articles were filtered by 
several stages. This process included the first filter using software. Covidence was to  
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Table 1. Keywords used to search relevant articles 
Database Keywords 

Crossref Alternate reality game and augmented reality in science education 

Springer Alternate reality game and augmented reality in science education 

Scopus Augmented Reality Science Learning 

Eric Augmented Reality Science Learning Alternate Reality Game and 

Augmented Reality 

 
delete duplicate and to identify articles based on inclusion-exclusion. After articles were 
identified as meet the requirements. The next step was downloading full-text and 
separating inclusion and exclusion articles. This phase, qualified articles must capable to 
map answers of research questions. The following was article search process by PRISMA: 
 

Figure 1. Article search process by PRISMA 
 
The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) flow process consists of four main stages: identification, screening, eligibility 
and inclusion. In the identification stage, data sources such as databases and other 
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references are collected. Scopus, Springer, Crossref and Eric were the databases used for 
this systematic literature review. In this document, data was obtained from various 
sources such as Springer (252), Crossref (2000), Scopus (191) and Google Scholar (309), 
with a total of 2.652 references identified. At this stage, duplicate references were 
removed using tools such as Cobidence, which resulted in the removal of 157 data.  

The next stage was screening. Literature. Literature results from Scopus, Springer, 
Crossref and Eric databases were screened through Covidence software to separate 
duplicate articles. Next was tile and abstract filtering process. Titles were filtered based 
on relevance and match with predetermined keywords. Then, the abstract of each article 
was screened and scanned according to the pre-defined inclusion and exclusion criteria. 
A total of 2.495 references were screened based on relevance criteria to the topic. At this 
stage, some references were excluded, such as books (326) and book chapters (259).  

Next, the eligibility involved analyzing 1.383 references to ensure their relevance 
to the review topic. Articles were analyzed and checked for eligibility using the same 
software, Covidence. Once the articles were identified as eligible, the full-text was 
downloaded and the inclusion and exclusion articles were separated. Finally, the inclusion 
phase resulted in 41 studies deemed relevant for inclusion in systematic review. In this 
phase, the articles should be able to map the answers to the research questions. This stage 
showed a significant reduction in the number of references from the identification to 
inclusion stage, reflecting the rigorous and criteria-based selection.  

The determination of inclusion exclusion criteria is a crucial step in ensuring the 
validity and relevance of the studies to be analyzed in a study. These criteria were 
designed to screen the literature that meet the specific research objectives, so that only 
studies that are relevant and appropriate to the topic focus were considered further. The 
aims to reduce the bias, increase the accuracy of the results, and ensure that findings are 
reliable and make a significant contribution to the field of study. The following were 
criteria for articles to be included (inclusion) or excluded (exclusion). 

 
Inclusion and Exclusion Criteria 

 
Table 2. Inclusion and exclusion criteria 

Inclusion Criteria Exclusion Criteria 

Article Journal Book, unit book, proceeding, review 

Published articles between 2020 and 2024  Articles not published between 2020 and 2024 

Learning approach, learning method and 

learning media  

Evaluation, assessment  

Integrated Q1,Q2,Q3  Not integrated Q1, Q2, Q3  

 
Table 2 showed that the inclusion criteria articles published between 2020 and 2024 

from indexed journals in Q1, Q2 or Q3 categories. The main focus of selected articles 
was on learning approaches, learning methods and learning media relevant to the research 
topic, specifically addressing the integration of ARG and AR in science leaning. These 
criteria were designed to ensure that only high-quality and relevant articles were 
considered, providing a solid theoretical and practical basis for further analysis. 

Conversely, the exclusion criteria included articles that originated from sources 
other than journals, such as books, book chapters, proceedings, or literature reviews, as 
well as articles that were not published in 2020 to 2024 timeframe. Articles that did not 
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focus on learning approaches, methods or media were also excluded. In addition, journals 
that were not indexed in Q1, Q2, or Q3categories were considered not to meet the required 
quality standards. This process aimed to systematically filter the literature, ensuring that 
only studies that made a significant contribution to the research on the impact of ARG 
and AR on improving students’ SE were further analyzed.  

 
Data Analysis 

Analyzing articles were done in two stages. The first was by research theme 
network mapped. Network mapping was done by VOSviewer software. The result of 
network mapping by VOSviewer software could be seen in the following picture:  

Figure 1. Visualization of initial mapping  
 

Bibliometrics analysis in this network mapping showed the close relationship 
between the themes of reality technology, gamification and education. Reality technology 
cluster, virtual reality and mixed reality (green) highlighted the development of reality 
technology, virtual reality and mixed reality which focused on interactive experience and 
data visualization. ARG cluster and science education (red) retrieved that there was an 
integration between AR technology and gamification in education context specially to 
improve science learning. Moreover, the relationship between visualization and AR 
system (blue) emphasized the importance of visual aspect in creating a deep educational 
experience. Other clusters which were related to competition (light blue) highlighted how 
competitive element in gamification could increase motivation and users’ contribution. 
As a whole, this researched retrieved that reality technology specially AR and VR had 
essential role in interactive educational, strengthened gamification as an effective 
pedagogical tool.  

Second, full-text articles that met the inclusion criteria were reviewed in depth using 
the PICO (Participants, Intervention, Comparison conditions, and Outcomes) framework. 
The determination of statistics in the extraction process depended on the expected trends 
in the research questions. A manual model based on PICO statistics was used in the data 
extraction process and continued in the quality study, PICO is a framework used to 
formulate research questions in the context of systematic reviews. In this systematic 
literature analysis on the use of Alternate Reality Games (ARG) and Augmented Reality 
(AR) in science learning, the PICO framework was used to identify and evaluate various 
aspects of the reviewed studies. First, Participants (P) in these studies generally involved 
students from different levels of education, including primary, secondary and tertiary 
schools, with a focus on how ARGs and AR can enhance their engagement in science 
learning. 
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Next, the intervention (I) applied in the article includes the use of ARG to increase 
student engagement in problem solving and AR to provide interactive digital elements. 
Some studies highlighted the combination of these two approaches, while others only 
focused on one of methods. In terms of Comparison conditions (C), most studies 
compared the effectiveness of ARG and AR with conventional learning methods, 
showing how these innovative approaches can deliver better results. Finally, the outcomes 
measured (Outcomes, O) in these studies generally related to the improvement of 
students’ self-efficacy, where many articles reported a significant increase in students’ 
confidence in their ability to understand science concepts. Using the PICO framework, 
this analysis provided a clear picture of the contributions of ARG and AR to the 
improvement of students’ SE in science learning, as well as identifying trends and gaps 
in existing research (Methley et al. 2014)  
 

▪ RESULT AND DISSCUSSION 

Article Literature Mapping 

According to searching results from Scopus, Springer, Crossref and Eric databases 

by using keywords “ARG and AR in Science Education", 2.652 articles were initially 

identified. After screening process using covidence software, there were 41 articles that 

fit the criteria. This articles mapping would be detailed about the various attributes 

including the writers’ name, publication year, journal information (journal name, volume, 

edition, year), type of publication, Scopus accreditation, the relevance of Research 

Question (RQ) which focused on ARG conflation with AR to increase students’ SE in 

learning science. The following table retrieved articles which fulfilled the inclusion 

criteria: 

 
Figure 2. Article year distribution diagram 

 

The diagram above illustrated article distribution which met the inclusion criteria. 

There were 41. In 2020, there were 6 articles; in 2023, there we 4 articles; in 2022, there 

were 8 articles; in 2023, there were 11 articles; in 2024, there were 12 articles. The 

grouping of articles based on the main topics was detailed in the following table.  
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Figure 3. Topic criteria diagram 

 

The second diagram retrieved that there were 7% of 41 articles which were 

categorized in inclusion criteria. It meant there were 3 articles that met the inclusion 

criteria. Those 3 articles discussed the combination of ARG and AR topic in science 

learning. In addition, there were 23 articles or 56% which reviewed the use of AR in 

science learning. There were 4 articles which discussed about ARG without combining 

with other approaches and there were 27% articles which explored method and other 

approaches that had potential to increase students’ SE in learning science.  

 

ARG Review toward Increasing Students’ SE 

The use of ARG in the context of science education provides a teaching method 

that is not only traditional (Kara, 2021), but also involves students directly and actively 

(Lin et al, 2024) (Al-Ghizzawi et al, 2024). This approach allows students to explore 

science concepts through simulations (Tulloch et al, 2021) and interactions that occur in 

a gamified learning environment (Sofianidis et al, 2024). ARG is designed to increase 

student engagement through puzzle solving (Binder et al., 2020; Stylinidou et al, 2020), 

which can improve learning outcomes, as well as strengthen their SE (Elsom et al., 2023), 

so the integration of ARG in science education plays an important role in developing 

students’ knowledge and skills (Koenit et al, 2024) (Niemeyer et al., 2021). Therefore, 

ARG provided learning environment that supported the development of SE through skills 

upgrading, resilience and social support (Sofianidis et al, 2024). 

The integration of technology feature in implementing ARG became supporting 

aspect for students’ learning process. One example was the ARG implementation which 

utilized AI-based chatbot which gave adaptive feedback (Liang et al, 2024). The precise 

feedback forms this chatbot was essential to increase students’ SE because it gave real-

time support which allowed direct guidance in facing ARG challenges, gave clear 

directions, and increased students’ confidence in completing tasks (Elsom et al, 2023). 

Moreover, chatbot encouraged students’ regulation skills by facilitating more personal 

learning and problem solving gradually (Lai et al, 2024). Thus, this AI-based ARG is not 

only to improve students’ learning performance, but also to strengthen confidence 

towards their SE (Shete et al, 2024). 
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Figure 4. Impact of implementing ARG 

 

Immersive and interactive experiences offered by ARG created learning 

environment which encouraged active participation from the students in narrative and 

challenges (Deus et al, 2021), so it could increase their confidence (Hou et al, 2023). By 

associating learning with real-world situation, ARG assisted students to understand the 

relevance of knowledge, such as: the implementation of science learning in practical 

contexts in turn strengthened their academic beliefs (Mao et al, 2021). As a whole, ARG 

integration in science education contributed in increasing knowledge and students’ skills, 

increased students’ SE significantly and created interactive and relevance learning 

environment (Xiong et al, 2024). 

The implementation of ARG in science education offered interactive pedagogical 

approach and encouraged students’ active participation. This approach retrieved huge 

potential as educational media and entertainment in several countries, including 

Indonesia. ARG was considered relevant to be implemented in Indonesia because 

students’ characteristics in Indonesia loved gaming activities and often absorbed in 

immersive play experiences. Based on a survey published by the Indonesian Internet 

Service Providers Association (APJII) and a report from We Are Social, the level of 

participation of Indonesian students in the use of digital technology and online games is 

high (Samsidar et al, 2023). The findings of this study support the effectiveness of ARG 

implementation in Indonesia, given students’ tendencies and habits that are in line with 

their preferences for digital technology and bold games (Lampropoulos et al, 2024). 

When students feel more confidents in their abilities, they tend to be more actively 

engaged in learning (Liu et al, 2024), face challenges with a positive attitude, and achieve 

better learning outcomes. This suggests that ARG has the potential to be an effective 

pedagogical tool to improve students’ motivation and SE (Sofianidis et al, 2024). 

 

Augmented Reality Review towards SE 

AR is a technology which integrates digital elements to the real-world which allows 

users to interact with inserted virtual account in physical environment, so it creates 

interactive and immersive learning experience (Cao et al, 2023; Turan et al, 2021). AR 

provides realistic simulation and interesting visualization (F.N Astuti et al, 2020) of a 

scientific phenomenon. By multidimensional visualization offered by AR, students could 

increase better understanding (Baba, 2022), which contributed to SE towards their 

academic ability (Sánchez et al, 2022; Shakeri et al., 2022). 
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Researches in developed country, such as: the U.S.A and South Korea revealed that 

the use of EF effectively increased students’ learning motivation and self-efficacy to do 

challenging science assignments. Wu et al (2023) reported that in the U.S.A, students 

utilized AR in science learning and their self-efficacy was increase because this 

technology eased them to understand abstract concepts through visualization directly. In 

line with the findings, Kim et al (2020) revealed that in South Korea, AR not only 

encouraged students’ active participation, but also increase students’ self-confidence in 

understand complex topic in science. Both researches supported the idea that the AR 

integrations in science learning was able to be effective tool to strengthen students’ self-

efficacy, especially to overcome difficult abstract concepts.  

AR integration with Multidimensional Concept Maps (MCMs) and Virtual Reality 

(VR) technology has been shown to encourage students’ motivation to actively participate 

in science learning and to strengthen students’ self-efficacy (Yin-Yu Chou, 2021; Chen, 

2020). For instance, Yildirim (2020) retrieved how the use of AR could help students to 

understand differences and similarities of plant and animal cells by looking at structure 

and organelle function directly in more interactive and safer environment (Shatabdi et al., 

2024; Rahmat, 2023). AR was also functioned as catalysator in developing students’ self-

efficacy by allowing them to observe body organ in 3-dimensions and to interact 

realistically (Ozcakir et al, 2021; Yildirim, 2021). By safe and realistic learning 

environment, students could experiment without being afraid to be fail and it could 

increase students’ self-confidence in understanding complex science concepts (Lham et 

al, 2020; Udeozor et al, 2023). 

AR application in science learning, such as three-dimensional model for molecules 

and biological cells through Holo Lens (Du et al, 2024) allowed students to visualize, to 

manipulate and to build molecules structure directly and interactively (Yıldırım, 2021). 

This technology facilitated the understanding of abstract concepts which were difficult to 

be explained in two-dimensions form, provided opportunities for students to explore 

complex structures safely without risks and motivated students to experiment without fear 

of making mistakes (Sivri et al, 2022). Learning supported by AR was likely to increase 

enthusiasm and students’ active participation, so it had positive impact on students’ self-

efficacy in learning science concept (Yildirim, 2020). 

Along with the times, the use of ARG in science learning introduced new 

integration between AR and game (Tzortzoglou et al, 2023). The use of AR allows 

students to experience abstract concepts through interactive games which increase 

students’ participation simultaneously and problem-solving skills collaboratively 

(Özeren, 2023). By integrating AR into game mechanism, students were able to 

participate into dynamic scientific simulation which was not only making learning to be 

more interesting, but also enriching students’ cognitive experiences through hands-on 

experience (Khodabandeh, 2022). 

AR is effective to be applied for material which needs an explicit visualization, 

visual and spatial material, such as: anatomy, biology and chemistry because it allows 

students to interact directly with 3D objects, so it eases them to understand the structures 

and increases students’ SE (Wei et al, 2021). Otherwise, the AR effectiveness decreases 

in theoretical and abstract concepts, such as: quantum physics and advanced chemistry 

because those concepts rely on conceptual understanding and mathematics is not always 

able to be represented visually (López Belmonte et al, 2020). For instance, 
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electromagnetic field in physics and molecular orbitals in quantum chemistry, AR had 

limitations since the concepts were not able to be represented intuitively only through 

visualization (Avila et al, 2021; López Belmonte et al, 2020). Wei et al (2021) revealed 

that AR was difficult to completely replace essential conceptual reasoning in 

understanding complex phenomena. AR is more appropriate to be applied for materials 

which need explicit visualization, while theoretical materials will be better to be taught 

through problem solving approach or mathematical model (Wei et al, 2021; Ziden et al, 

2022).  

Although AR has huge potential to increase students’ SE, the implementations in 

developing countries are often hampered by technological infrastructure constraints, 

limited internet access, lack of financial support and technological awareness. In Nigeria 

and India, the lack investment of public and private sector, especially in providing digital 

facilitation and adequate internet connectivity, hinders the widespread of AR adoption 

(Oke et al. 2022). This condition was aggravated in remote areas which had minimal 

infrastructures, even though, programs like “Digital India” tries to overcome this gap 

(Mkwizu et al. 2024). In Tanzania, limited technological literacy is also a major barrier 

in using AR as a tool of effective learning. To integrate AR optimally in developing 

countries, significant investment of infrastructure and technology training is needed, but 

this effort is still difficult to be realized without sustainability support from several sectors 

(Chasubuta et al, 2024). 

 

Review of ARG dan AR Collaboration towards Students’ SE 

The merging of ARG and AR created interactive and interesting learning 

experience (Stylianidou et al, 2020) which was able to increase students’ participation in 

learning process significantly (Llinares, 2023). By narrative integration element of ARG, 

students were able to feel deeper story where the characters, the objects and the clues 

could interact in physical environment where they can see through AR device (Xiong et 

al, 2024). It not only increased students’ interest, but also allowed them to engage actively 

with the lessons material and to strengthen their understanding to the concepts taught 

(Sofianidis et al, 2024). 

AR technology was also functioned to give relevant context with the students’ 

locations which enrich learning experience in science education (Feng et al, 2024). By 

creating game scenario which taught science concepts through narrative and data 

visualization, ARG and AR was able to strengthen sense of presence and immersion 

(Nguyen et al, 2023). This research revealed that this approach not only encouraged 

exploration, but also increased social interactions among students which it was the 

essential aspect in learning and developing skills (Zhao et al, 2020; Alharthi et al, 2023). 

The use of ARG and AR significantly increased students’ SE by providing 

collaborative and supportive learning experience (Lin et al, 2024). Students learned how 

to work together in solving challenges, so the were able to increase their self-confidence 

toward academic skills. Game element and quick feedback in this environment assisted 

students to recognize the strengths and areas to improve (Stylianidou et al, 2020), so it 

could strengthen their belief to apply knowledge that has been obtained (Linares, 2023). 

Therefore, ARG and AR ingratiation in education has potential to create inclusive and 

efficient learning environment (Stylianidou et al, 2020). 
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The collaboration of ARG and AR in education has high potential to increase 

students’ SE through interactive and immersive learning experience. However, the 

implementation in developing countries, such as Indonesia faced significant challenges. 

One of the challenges was the unequal distribution of technology between rural and urban 

areas and the limited access to adequate hardware, such as: smartphone or computers with 

the sufficient specifications (Iswara et al., 2020). In addition, many educators do not get 

any sufficient trainings to utilize this technology effectively (Oliver Wyman, 2023). 

Digital infrastructure problem like unstable internet network also becomes constraint in 

several areas UNESCO, 2023). Therefore, to optimize AR and ARG potential needs 

comprehensive solutions by more equitable provision of devices, intensive trainings for 

educators and better improvement of digital infrastructure in all areas of Indonesia.  

AR partially has bigger contribution to increase students’ SE than ARG. Both ARG 

and AR technology have been proven to be able to increase students’ SE (Valladares et 

al, 2023), through different mechanism (Hou et al, 2023). AR focusses on improving 

students’ conceptual understanding and encourages active engagement during immersive 

experiential learning process that allows students to interact directly with the material. As 

the result, students tend to feel confident in their ability to understand complex concepts, 

which directly affects their confidence in their academic abilities. AR emphasizes more 

on improving students’ conceptual understanding and active engagement in the learning 

process (Stylianidou et al, 2020), which in turn contributes to improve their confidence 

in facing academic challenges (Liang, 2024; Hou et al, 2023). On the other hand, ARG 

encourages students to think critically, solve problems, and make independent decisions, 

reinforcing a sense of competence so it is more effective in increasing learning motivation 

through engaging interactive visual experiences, but its contribution is more limited to 

the motivational aspect and does not directly increase students’ confidence in their 

abilities. The result showed that the AR’s contribution was more focused on the academic 

aspects in improving SE, while ARH had more significant impact on strengthening social 

and collaborative skills.  

 

▪ CONCLUSION 

According to analysis result, it can be concluded that AR has bigger effectiveness 

in increasing students’ SE in science learning than ARG. AR provided immersive and 

interactive learning experiences through realistic visualization which allowed students to 

understand more the complex concepts and to participate actively without risk. 

Otherwise, although ARG was able to increase engagement and to sharpen cognitive 

competence, but the contribution was limited to motivational aspects and it did not give 

significant influence towards increasing students’ self-efficacy in academic aspects. 

Therefore, AR based approach is more superior in supporting students’ SE reinforcement 

in science learning.    

 

▪ REFERENCES 

Al-Ghizzawi, F., & Kafai, YB (2024). Mengintegrasikan pembelajaran yang dipandu ai 

dengan permainan realitas alternatif: meningkatkan emosi pembelajaran, 

keterlibatan, dan keyakinan kontrol dalam lingkungan pembelajaran digital. 

Pracetak .https://doi.org/10.20944/preprinBahasa Inggris: .v1 



Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346  1341 

 

Alharthi, A., Alshammari, M., & Almalki, A. (2023). The effectiveness of Alternate 

Reality Games in enhancing student engagement and learning outcomes in higher 

education. International Journal of Educational Technology in Higher Education, 

20(1), 12. https://doi.org/10.1186/s41239-023-00313-5 

Baba, A., Zorlu, Y. & Zorlu, F. (2022). Investigation of the effectiveness of augmented 

reality and modeling-based teaching in "Solar System and Eclipses" unit. 

International Journal of Contemporary Educational Research, 9(2), 283-

298.https://doi.org/10.33200/ijcer.1040095 

Baktayan, AA, Zahary, AT, Sikora, A. dkk. (2024). Pembongkaran komputasional ke 

dalam jaringan swarm UAV: tinjauan pustaka sistematis. J Wireless Com Network 

, 69 (2024). https://doi.org/10.1186/s13638-024-02401-4 

Bogdan, R., Iraya, T., Pérez, Y., Ángel, J., & Villagrá, M. (2024). Measuring self ‑ 

efficacy beliefs in teaching inquiry ‑ based science and the nature of scientific 

inquiry. Science & Education, 0123456789. https://doi.org/10.1007/s11191-024-

00553-9  

Burns, M., & Tim Laporan Pemantauan Pendidikan Global. (2023). Hambatan dan 

dukungan untuk integrasi teknologi: Pandangan dari guru. https 

://doi.atau/10.54676/LCEB5308 

Cao, W., Yu, Z. (2023).  Retracted Article: The impact of augmented reality on student 

attitudes, motivation, and learning achievements a meta-analysis (2016–2023). 

Humanit Soc Sci Commun 10, 352. https://doi.org/10.1057/s41599-023-01852-2 

Cevikbas, M., Kaiser, G. & Schukajlow, S. (2024). Tren dalam pendidikan matematika 

dan wawasan dari tinjauan meta dan analisis bibliometrik dari studi tinjauan. 

ZDM Mathematics Education 56 , 165–188. https://doi.org/10.1007/s11858-024-

01587-7 

Chan, S. H., & Lay, Y. F. (2021). Effects of Attitude, Self-efficacy Beliefs, and 

Motivation on Behavioural Intention in Teaching Science. 93, 11–15. 

https://doi.org/10.14689/ejer.2021.93.11  

Chasubuta, A. R., Ndibalema, P. M., & Loisulie, P. (2024). Technological literacy in 

using Learning Management System among students in higher education 

institutions Tanzania: the case of two selected universities. Educational Technology 

Quarterly, 2024(1), 76-96. https://doi.org/10.55056/etq.695 

Chen, CH. (2020). Impacts of augmented reality and a digital game on students’ science 

learning with reflection prompts in multimedia learning. Education Tech Research 

Dev 68, 3057–3076. https://doi.org/10.1007/s11423-020-09834-w 

Chou, YY., Wu, PF., Huang, CY. et al. (2022). Effect of digital learning using augmented 

reality with multidimensional concept map in elementary science course. Asia-

Pacific Edu Res 31, 383–393. https://doi.org/10.1007/s40299-021-00580-y 

Dargan, S., Bansal, S., Kumar, M., Mittal, A., & Kumar, K. (2023). Augmented reality : 

a comprehensive review. Archives of Computational Methods in Engineering, 

30(2), 1057–1080. https://doi.org/10.1007/s11831-022-09831-7 

Deus, T. C. de, & Queiroz, Y. B. (2021). Proposta de um jogo pedagógico do tipo short 

ARG (jogo de realidade alternada curto) sobre química forense. In Anais do 20º 

Encontro Nacional de Ensino de Química (ENEQ Pernambuco) (pp. 1-8). Even3. 

https://www.even3.com.br/anais/eneqpe2020/248304-proposta-de-um-jogo-



1342 Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346 
 

pedagogico-do-tipo-short-arg-(jogo-de-realidade-alternada-curto)-sobre-quimica-

forense&#8203;:contentReference[oaicite:0]{index=0}. 

Du, J., & DeWitt, D. (2024). Technology acceptance of a wearable collaborative 

augmented reality system in learning chemistry among junior high school students. 

Journal of Pedagogical Research, 8(1), 106-119. https://doi.org/10.33902/JPR. 

202425282 

Elsom, S., Stieler-Hunt, C., & Marshman, M. (2023). Supporting learning in higher 

education with a curriculum-embedded alternate reality game. Interactive Learning 

Environments, 1-12. https://doi.org/10.1080/10494820.2023.2167838 

Feng, M., Liu, S., Wu, Z., & Li, Y. (2024). The impact of augmented reality on education: 

A bibliometric exploration. Educational Technology Research and Development, 

72(2), 345-367. https://doi.org/10.1007/s11423-023-10256-x 

FN Astuti dkk 2020 J. Fisika: Conf. Ser. 1567 042023 

Golov, R. S., Prokof, D. A., & Koshelev, A. S. (2023). Prospects for augmented reality 

technology and the digital transformation of high-tech production. 43(8), 1027–

1029. https://doi.org/10.3103/S1068798X23080105 

Hafizan, E., Shahali, M., & Halim, L. (2024). The influence of science teachers’ beliefs , 

attitudes , self ‑ efficacy and school context on integrated stem teaching practices. 

International Journal of Science and Mathematics Education, 22(4), 787–807. 

https://doi.org/10.1007/s10763-023-10403-9  

Han, J. (2021). Factors influencing student STEM Learning : Self-efficacy and outcome 

expectancy, 21 st Century Skills, and Career Awareness. 117–137. 

Hasanah, R. S., Sholihin, H., & Nugraha, I. (2021). An Investigation of junior high school 

students ’ science self-efficacy and its correlation with their science achievement in 

different school systems. 4(August 2020). https://doi.org/10.17509/jsl.v4i2.27275 

Hidajat, F. A. (2023). Augmented reality applications for mathematical creativity : a 

systematic review. In Journal of Computers in Education (Issue 0123456789). 

Springer Berlin Heidelberg. https://doi.org/10.1007/s40692-023-00287-7 

Hidayat, R., Wardat, Y. (2024). A systematic review of Augmented Reality in Science, 

Technology, Engineering and Mathematics education. Educ Inf Technol 29, 9257–

9282. https://doi.org/10.1007/s10639-023-12157-x 

Hou, H.-T., Fang, Y.-S., & Tang, J. T. (2023). Designing an alternate reality board game 

with augmented reality and multi-dimensional scaffolding for promoting spatial and 

logical ability. Interactive Learning Environments, 31(7), 4346–4366. 

https://doi.org/10.1080/10494820.2021.1961810 

Hu, X., Jiang, Y., & Bi, H. (2022). Measuring science self ‑ efficacy with a focus on the 

perceived competence dimension : using mixed methods to develop an instrument 

and explore changes through cross ‑ sectional and longitudinal analyses in high 

school. International Journal of STEM Education. https://doi.org/10.1186/s40594-

022-00363-x 

Kara, N. (2021). A Systematic review of the use of serious games in science education. 

Contemporary Educational Technology, 13(2), ep295. https://doi.org/10.30935/ 

cedtech/9608 

Khodabandeh, F. (2023). Exploring the viability of augmented reality game- enhanced 

education in WhatsApp flipped and blended classes versus the face-to-face classes. 

Educ Inf Technol 28, 617–646. https://doi.org/10.1007/s10639-022-11190-6 



Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346  1343 

 

Koenitz, H., Roth, C., & Mekler, E. D. (2024). Alternate realities in interactive digital 

narratives – understanding and improving design and prosocial effects through 

empirical methods. Multimedia Tools and Applications, 83(15), 46757-46778. 

https://doi.org/10.1007/s11042-024-

188848&#8203;:contentReference[oaicite:0]{index=0}&#8203;:contentReference

[oaicite:1]{index=1}. 

Lai, J. W. (2024). Adapting self-regulated learning in an age of generative artificial 

intelligence chatbots. Future Internet, 16(6), 218. 

https://doi.org/10.3390/fi16060218 

Lampropoulos, G., & Sidiropoulos, A. (2024). Impact of gamification on students’ 

learning outcomes and academic performance: A longitudinal study comparing 

online, traditional, and gamified learning. Education Sciences, 14(4), 367. 

https://doi.org/10.3390/educsci14040367. 

Lham, T., Jurmey, P., & Tshering, S. (2020). Augmented reality as a classroom teaching 

and learning tool: Teachers’ and students’ attitude. Asian Journal of Education and 

Social Studies, 12(4), 27-35.  

Liang, H.-Y., Hwang, G.-J., Hsu, T.-Y., & Yeh, J.-Y. (2024). Effect of an AI-based 

chatbot on students' learning performance in alternate reality game-based museum 

learning. British Journal of Educational Technology, 55(5), 2315-2338. 

https://doi.org/10.1111/BJET.13448&#8203;:contentReference[oaicite:0]{index=

0}. 

Lin, H.-C. K., Lu, L.-W., & Lu, R.-S. (2024). Integrating digital technologies and 

alternate reality games for sustainable education: Enhancing cultural heritage 

awareness and learning engagement. Sustainability, 16(21), 9451. 

https://doi.org/10.3390/su16219451 

Lin, X., Wong, S. Y., Zhou, W., Shen, W., Li, W., & Tsai, C. (2024). Undergraduate 

students ’ profiles of cognitive load in augmented reality – assisted science learning 

and their relation to science learning self ‑ efficacy and behavior. International 

Journal of Science and Mathematics Education, 22(2), 419–445. 

https://doi.org/10.1007/s10763-023-10376-9 

Liu Y, Ma S and Chen Y (2024). The impacts of learning motivation, emotional 

engagement and psychological capital on academic performance in a blended 

learning university course. Front. Psychol. 15:1357936. doi: 

10.3389/fpsyg.2024.1357936 

Mao, P., Cai, Z., He, J., & Chen, X. (2021). The relationship between attitude toward 

science and academic achievement in science: A three-level meta-analysis. 

Frontiers in Psychology, 12, 784068. https://doi.org/10.3389/fpsyg.2021.784068 

Masneri, S., Domínguez, A., Pacho, G., Zorrilla, M., Larrañaga, M., & Arruarte, A. 

(2024). A collaborative AR application for education : from architecture design to 

user evaluation. Virtual Reality, 28(1), 1–13. https://doi.org/10.1007/s10055-024-

00952-x 

Mkwizu, K.H. and Bordoloi, R. (2024), "Augmented reality for inclusive growth in 

education: the challenges", Asian Association of Open Universities Journal, Vol. 

19 No. 1, pp. 88-100. https://doi.org/10.1108/AAOUJ-09-2023-0113 



1344 Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346 
 

Nguyen, T. T., & Zhang, Y. (2023). Integrating augmented reality and alternate reality 

games in STEM learning: A comprehensive review. Journal of Science Education 

and Technology, 32(1), 45-67. https://doi.org/10.1007/s10956-022-10054-3 

Niemeyer, G., & Garcia, A. (Eds.). (2021). Permainan realitas alternatif dan puncak 

permainan digital. Bloomsbury Publishing. 

Oke, A.E. and Arowoiya, V.A. (2022), "Critical barriers to augmented reality technology 

adoption in developing countries: a case study of Nigeria", Journal of Engineering, 

Design and Technology, Vol. 20 No. 5, pp. 1320-1333. 

https://doi.org/10.1108/JEDT-12-2020-0519 

Ozcakir, B., & Cakiroglu, E. (2021). An augmented reality learning toolkit for fostering 

spatial ability in mathematics lesson: design and development. European Journal of 

Science and Mathematics Education, 9(4), 145-167.https://doi.org/10.30935/ 

scimath/11204 

Özeren, S & Top, E. (2023). The effects of augmented reality applications on the 

academic achievement and motivation of secondary school students. Malaysian 

Online Journal of Educational Technology, 11(1), 25-40. 

http://dx.doi.org/10.52380/mojet.2023.11.1.425 

Rahmat, A. D. ., Kuswanto, H. ., Wilujeng, I. ., & Perdana, R. . (2023). Implementation 

of mobile augmented reality on physics learning in junior high school students. 

Journal of Education and E-Learning Research, 10(2), 132–140. 

https://doi.org/10.20448/jeelr.v10i2.4474 

Ramsurrun, H., Elaheebocus, R. & Chiniah, A. (2024). Alat digital dalam situs 

pendidikan sains informal: tinjauan literatur sistematis. J Sci Educ Technol 33 , 

569–589. https://doi.org/10.1007/s10956-024-10105-z 

Ranjbar, A., Montazeri, F., Ghamsari, S.R. et al. (2024). Machine learning models for 

predicting preeclampsia: a systematic review. BMC Pregnancy Childbirth 24, 6. 

https://doi.org/10.1186/s12884-023-06220-1 

Samsidar, Marthoenis, Teuku Tahlil. (2023). Determinants of online game addiction 

among indonesian adolescents." Volume 6, 1, 32-41. 

https://doi.org/10.22259/2639-1783.0601005 

Saroughi, M., Cheema, JR. (2023).  Meneliti hubungan antara efikasi diri dalam sains 

dan kinerja sains: bukti dari penilaian di AS. SN Soc Sci 3 , 206. 

https://doi.org/10.1007/s43545-023-00809-1 

Shakeri, M., Sadeghi-Niaraki, A. & Choi, SM. (2022). Augmented reality-based border 

management. Virtual Reality 26, 1123–1143. https://doi.org/10.1007/s10055-021-

00611-5 

Shatabdi, N., Poornima, S., & Naresh, B. (2024). "Student acceptance and attitudes 

towards augmented reality and virtual reality technologies in education: a 

framework for enhancing the learning experience.” Volume. 9 Issue. International 

Journal of Innovative Science and Research Technology (IJISRT), www.ijisrt.com. 

ISSN - 2456-2165, PP :- 3252:-3255 https://doi.org/10.38124/ijisrt/ 

IJISRT24JUN646 

Shchory, S., Nitzan, K., Harpaz, G., & Doron, R. (2024). Not just a game : the effect of 

active versus passive virtual reality experiences on anxiety and sadness. Virtual 

Reality, 28(1), 1–10. https://doi.org/10.1007/s10055-023-00925-6 



Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346  1345 

 

Shete, S. G., Koshti, P., Pujari, V. I., & others. (2024). The impact of ai-powered 

personalization on academic performance in students. IEEE Xplore. 

https://doi.org/10.1109/ICRTCST.2024.00004 

Sivri, S. N. & Eroğlu, E. (2022). The ımpact of using model and augmented reality 

technology on students’ science achievement, motivation, and ınterest levels. 

International Journal of Contemporary Educational Research, 9(3), 633-

648.https://doi.org/10.33200/ijcer.1123204 

Sofianidis, A., Skraparlis, C., & Stylianidou, N. (2024). Combining inquiry , universal 

design for learning , alternate reality games and augmented reality technologies in 

science education : the ib ‑ argi approach and the case of magnetman. Journal of 

Science Education and Technology, 0123456789. https://doi.org/10.1007/s10956-

024-10135-7 

Stylianidou, N., Sofianidis, A., Manoli, E., & Meletiou-mavrotheris, M. (2020). 

Education sciences “Helping Nemo!” Using Augmented Reality and Alternate 

Reality Games in the Context of Universal Design for Learning. 

Tulloch, R., Wolfenden, H., & Sercombe, H. (2021). Designing alternate reality games 

for effective learning: A methodology for implementing multimodal persistent 

gaming in university education. Media Practice and Education, 22(2), 136–152. 

Turan, Z., & Atila, G. (2021). Augmented reality technology in science education for 

students with specific learning difficulties: its effect on students’ learning and 

views. Research in Science & Technological Education, 39(4), 506–524. 

https://doi.org/10.1080/02635143.2021.1901682 

Tzortzoglou, F., Kosmas, P., & Avraamidou, L. (2023). Design of a location-based 

augmented reality game for the development of key 21st century competences in 

primary education. Contemporary Educational Technology, 15(3), 

ep432.https://doi.org/10.30935/cedtech/13221  

Udeozor, C., Chan, P., Russo Abegão, F. et al. (2023). Game-based assessment 

framework for virtual reality, augmented reality and digital game-based learning. 

Int J Educ Technol High Educ 20, 36. https://doi.org/10.1186/s41239-023-00405-6 

Valladares Ríos, L., Acosta-Diaz, R., & Santana-Mancilla, P. C. (2023). Enhancing self-

learning in higher education with virtual and augmented reality role games: 

Students’ perceptions. Virtual Worlds, 2(4), 343-358. 

https://doi.org/10.3390/virtualworlds2040020 

Wang, CJ (2023). Learning and academic self-efficacy in self-regulated learning: 

validation study with the BOPPPS Model and IRS Methods. Asia-Pacific Edu Res 

32, 37–51. https://doi.org/10.1007/s40299-021-00630-5 

Wei, C. Y., Kuah, Y. C., Ng, C. P., & Lau, W. K. (2021). Augmented Reality (AR) as an 

enhancement teaching tool: are educators ready for it?. Contemporary Educational 

Technology, 13(3), ep303. https://doi.org/10.30935/cedtech/10866 

Xiong, S., Xie, K., Wen, R., Zeng, Y., & Nie, L. (2024). The impact of alternate reality 

game on the environmental cognition for university freshmen. In HCI in Games: 

6th International Conference, HCI-Games 2024 (pp. xx-xx). Springer. 

https://doi.org/10.1007/978-3-031-60695-3_7 

Yildirim, F.S. (2020). The effect of the augmented reality applications in science class on 

students' cognitive and affective learning. Journal of Education in Science, 

Environment and Health (JESEH), 6(4), 259-267. DOI:10.21891/jeseh.751023 



1346 Jurnal Pendidikan MIPA, 25 (3), 2024, 1329-1346 
 

Zhan, Z., Zhou, X., Cai, S., & Lan, X. (2024). Exploring the effect of competing 

mechanism in an immersive learning game based on augmented reality. Journal of 

Computers in Education, 0123456789. https://doi.org/10.1007/s40692-024-00317-

y 

Zhao, Y., Chen, Y., & Lin, S. (2020). Exploring the impact of Augmented Reality on 

learning outcomes: A systematic review. Journal of Educational Technology & 

Society, 23(4), 16-29. https://www.jstor.org/stable/10.2307/26909435 

Ziden, A. A., Ziden, A. A. A., & Ifedayo, A. E. (2022). Effectiveness of Augmented 

Reality (AR) on students’ achievement and motivation in learning science. Eurasia 

Journal of Mathematics, Science and Technology Education, 18(4), em2097. 

https://doi.org/10.29333/ejmste/11923  

 


