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Abstract 
The objective of this study is to thoroughly examine the influence of AR on educational achievements by amalgamating findings from (quasi) 
experimental investigations. This study constitutes a meta-analysis approach, which involves analyzing previous research statistically. 
Specifically, it focuses on 15 articles meeting the determined criteria for data inclusion in this meta-analysis, encompassing: 1) Research 
Methodology: Restricted to studies carried out via experimental or quasi-experimental designs, 2) Pertinence to Research Variables: 
Emphasizing research directly investigating AR's impact on educational achievements, 3) Indexing: Inclusion of publications indexed by 
reputable databases like SINTA, DOAJ, Copernicus International, or Scopus. Statistical Measurements: Encompassing studies providing 
relevant statistical metrics ('r' and 't') concerning the relationship between the variables studied. The outcomes demonstrate that the evidence 
indicates a beneficial effect of AR in augmenting educational outcomes. This deduction is drawn from a considerable average estimated 
Effect Size (1.231) alongside an exceedingly low p-value (< 0.001), denoting a highly significant statistical association between AR and 
heightened educational achievements. Although the collective findings strongly support AR's advantageous impact on various educational 
aspects, further research is imperative to address acknowledged limitations and optimize the potential of AR technology in enhancing 
educational achievements, motivation, and engagement across diverse educational settings and student cohorts. 
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INTRODUCTION  
The global educational landscape is persistently exploring innovative and efficacious 

methodologies to enrich learning experiences and elevate educational achievements. With technological 
advancements playing a pivotal role, the advent of e-learning and diverse online platforms has notably 
augmented the educational paradigm. The concept of ubiquitous learning (u-Learning), which advocates 
for learning that is accessible anywhere and at any time through the widespread adoption of technology, 
underscores a significant shift towards a more continuous and accessible learning experience across 
various platforms and locales (Aljawarneh, 2020; Cárdenas-Robledo & Peña-Ayala, 2018) 

Among the spectrum of technologies enhancing learning, Augmented Reality (AR) and Virtual 
Reality (VR) emerge as notable for providing immersive learning experiences through simulated or 
augmented real-world environments, thus making abstract concepts more palpable and engaging 
(Elmqaddem, 2019). Mobile Learning (m-learning), leveraging smartphones and tablets, offers 
unprecedented flexibility and personalization in learning by facilitating access to educational content on 
the move (Naveed et al., 2023). Additionally, the incorporation of games and gamification into learning 
activities enhances interactivity and enjoyment, thus motivating learners (Khaldi et al., 2023), while 
learning analytics offer insights into learners’ behaviors and progress, aiding in the personalization of 
teaching methods (Elmoazen et al., 2023). 
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The integration of AR in education, distinct for blending digital information with the physical world, 
has significantly progressed, evolving traditional teaching methods and fostering new perspectives in the 
learning process (Billinghurst et al., 2015; Najmi et al., 2023; Zhang et al., 2022). This integration enriches 
the learning environment by combining the physical and virtual realms, enhancing cognitive processes 
through the real-time application of interactive technology (Reiska et al., 2015; Sampaio & Almeida, 
2016). 

Research indicates AR's crucial role in educational innovation, demonstrating its positive impact 
on learning outcomes, self-efficacy, attitudes, spatial ability, and motivation (Alqarni, 2021a; Ciloglu & 
Ustun, 2023; Estapa & Nadolny, 2015; Sahin & Yilmaz, 2020). Empirical studies further highlight AR's 
effectiveness in increasing student engagement, offering visual and experiential learning opportunities, 
facilitating personalized learning experiences, and enhancing motivation and real-world application skills 
(Chairunnisa et al., 2023; Ciloglu & Ustun, 2023; W.-T. Wang et al., 2023; X. Wang, 2012) 

Despite these advantages, successful AR integration necessitates well-designed curriculum 
implementation, comprehensive teacher training, and continuous support, ensuring that technology 
complements rather than replaces traditional teaching methodologies. Ongoing research and 
development in AR applications aim to further elucidate its benefits and optimal educational uses ( Shen 
& Tsai, 2023;Setiawan et al., 2022). 

AR's potential extends beyond traditional educational technologies, offering immersive and 
interactive learning experiences that significantly improve cognitive learning, accessibility, student 
empowerment, collaborative learning, motivation, and the transformation of abstract concepts into 
tangible experiences (Makhat et al., 2021; Widodo et al., 2019). Its application has shown to enhance 
learning outcomes across various disciplines and promote deep learning impacts (Fernández-Enríquez 
& Delgado-Martín, 2020; Nechypurenko et al., 2023; Ozdamli & Hursen, 2017). Comparatively, AR's 
distinctive advantages include creating rich, customized learning environments and augmenting 
traditional textbooks with interactive elements, thus offering enhanced learning experiences (Sandnes & 
Eika, 2018; J.-R. Wang et al., 2012). The integration of xAPI in AR applications introduces new 
educational scenarios, supporting diverse teaching and learning processes (Farella et al., 2021). AR's 
versatility is further evidenced in its application across disciplines, providing innovative approaches to 
education that cater to various learning styles and preferences (Assem et al., 2022; Fernández-Enríquez 
& Delgado-Martín, 2020; Nechypurenko et al., 2023; Widiasih et al., 2021) 

The incorporation of AR into educational settings signifies a transformative approach, offering 
immersive, interactive, and engaging learning experiences that hold the promise of substantially 
enhancing the quality and efficacy of education, thereby reaffirming AR's value as a pivotal tool in the 
evolution of pedagogical practices. 

This meta-analysis aims to comprehensively investigate the impact of AR in educational contexts 
by synthesizing findings from (quasi) experimental studies. Although the integration of technology in 
education is quite promising, determining the real impact of Augmented Reality on learning outcomes is 
still a complex and evolving field of study. A number of individual studies have explored the efficacy of 
AR applications in a variety of educational settings, resulting in a wealth of information scattered across 
academic journals. As a result, there is a growing need to consolidate and systematically analyze these 
findings to draw strong conclusions about the overall impact of AR on student learning. 
 This research seeks to address the fragmented nature of existing research by conducting a meta-
analysis that synthesizes the results of (quasi) experimental studies centered on Augmented Reality in 
educational environments. By collecting and analyzing data from various studies, this research aims to 
provide a comprehensive picture of the effectiveness of AR application on learning outcomes. 
 
METHOD  
Research Designoa 
 This study is a meta-analysis, which is a research method involving statistical analysis of previous 
research. Meta-analysis plays a crucial role in gathering knowledge across various scientific domains 
(Hansen et al., 2022). As a research approach, meta-analysis systematically evaluates and synthesizes 
existing research to draw meaningful conclusions and insights (Wood & Eagly, 2009). Meta-analysis aims 
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to consolidate quantitative data collected from multiple studies with the goal of presenting comprehensive 
findings within a specific investigative domain. Through the use of meta-analysis, researchers can 
combine quantitative results from relevant study samples and generalize these findings to address 
specific issues. 
 
Eligibility Criteria 
 This study focuses on 15 articles. Establishing eligibility criteria is crucial to ensure the accuracy 
and precision of research findings (Demi̇R & Kaya, 2022). The predetermined data inclusion criteria in 
this meta-analysis include: 
1. Research Methodology: Limited to studies conducted through experimental or quasi-experimental 

designs. 
2. Relevance to Research Variables: Inclusion of studies directly exploring the impact of AR on learning 

outcomes. 
3. Indexing: Consideration of publications indexed by leading databases such as SINTA, DOAJ, 

Copernicus International, or Scopus. 
4. Statistical Measurements: Inclusion of studies providing relevant statistical values (such as 'r' and 't') 

related to the relationship between the studied variables. 
 These stringent criteria aim to facilitate the selection of high-quality studies specifically addressing 
the impact of AR on learning outcomes, thereby ensuring the accuracy and validity of the meta-analysis. 
 
Data Coding 
 In meta-analysis, data coding serves to facilitate data collection and analysis (Rahman et al., 2023). 
Data coding in this meta-analysis study considers the country of origin, journal type, research sample, 
and effect size (ES). The criteria for effect size measurement can be seen in Table 2. 
 
Data Analysis 
 In this research, the systematic collation of data was conducted using detailed tabulation sheets 
for each selected study, followed by a rigorous data analysis process utilizing the OpenMEE software. 
OpenMEE is adept at computing individual study effect sizes (ES), averaging these effect sizes across 
studies, and performing subgroup analyses within the dataset. This software stands out due to its open-
source nature, which inherently supports greater user engagement, reduced costs, and enhanced quality, 
characteristics that are typically attributed to open-source software (Bruce et al., 2006). Furthermore, 
OpenMEE's provision of accessible and modifiable source code offers significant benefits, particularly to 
programmers, by enabling a deeper understanding and customization of the software (Carvalho, 2015). 
 OpenMEE's utility extends beyond its open-source benefits, distinguishing itself with an intuitive 
user interface designed specifically to facilitate a range of meta-analysis processes, particularly within 
the fields of ecology and evolutionary biology (Wallace et al., 2017). It encompasses comprehensive 
functionalities such as efficient data import/export, exploratory data analyses, advanced graphing 
capabilities, and the generation of summary tables. These features render OpenMEE an indispensable 
tool for researchers engaged in these disciplines, offering a level of ease and functionality that surpasses 
other meta-analysis software, especially for those conducting studies in ecology and evolutionary biology. 
 The software's unique combination of being open-source, coupled with its specialized design for 
ecology and evolutionary biology meta-analyses, ensures it is not only cost-effective and user-friendly 
but also deeply engaging for researchers. It facilitates a participatory approach to research, enabling 
users to directly interact with and contribute to the development and enhancement of the software. 
Consequently, OpenMEE emerges as a superior choice for researchers aiming to conduct their meta-
analyses with efficiency and precision, particularly in the specified scientific domains, thereby establishing 
its value as a crucial resource in the arsenal of research tools available to the academic community.After 
obtaining the effect sizes, the next step involves categorizing them based on a predefined table. 
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Table 1. Effect Sice Criteria 

Effect Size Criteria 

0 ≤ ES ≤ 0.2 Low 

0.2 ≤ ES ≤ 0.8 Medium 

ES ≥ 08 High 
 

RESULTS AND DISCUSSION  
 After conducting a meta-analysis of 100 journals related to the impact of AR on learning outcomes, 

only 15 of those journals met the criteria to be included in the analysis. Subsequently, the qualified 

journals were utilized as data sources in this study to calculate the effect size values as outlined in Table 

2. 

Table 2. Output Data from Primary Studies Using OpenMEE Software 

No Writer Grade Region Tipe Publikasi 

Effect 
size 

 Category 

1 Ozeren 
Secondary 
school  Malaysia Journal 

4.32 
High 

2 Indriyani et al SMP Indonesia Journal 2.92 High 

3 Dewi SD Indonesia Journal 2.39 High 

4 Weng et al SMP Indoensia Journal 0.18 low 

5 Wahyu et al SD Indoensia Journal 1.09 High 

6 Sriadhi et al College Indoensia  Journal -0.54 low 

7 Yildirim College Turkey Journal 0.53 Medium 

8 Prasetya et al SMK Indonesa  Journal 0.66 Medium 

9 Talan et al 
Secondary 
school  Turkey Journal 

0.7 
Medium 

10 Sahin & Yilmaz 
Secondary 
school  Turkey Journal 

1.1 
High 

11 
Guvenir & 
Yildirimi College Turkey Journal 

0.68 
medium 

12 Dutta et al College India Journal 1.83 High 

13 
Buditjahjanto & 
Irfansyah SMK Indonesia Journal 

1.08 
High 

14 Ziden et al 
Secondary 
school  Malaysia Journal 

1.01 
High 

15 Alqarni 
Elementary 
school Saudi Arabia Journal 

1.69 
High 

       

Overall +1.231 (High Category) 

 From this analysis, there were 15 articles or studies observed, and the total effect size (ΣES) of all 
articles was 19.64. The average effect size of all articles was 1,309, and the average effect category was 
in the high category. So, based on the information provided, the average effect size of AR's influence on 
learning outcomes is 1,309 in the high category. 
 
Estimated Effect Size (ES) from Journals 

Tabel 3 Heterogeneity 

tau^2   Q(df=14)    Het. p-Value     I^2     

0.967    214.256      < 0.001       93.466   
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Tabel 4 Model result 

Estimate   Lower bound    Upper bound    Std. error    p-Value   

1.231         0.710          1.752          0.266      < 0.001   

The average estimated Effect Size (ES) value from the journal analysis is 1.231, with a p-Value of 

< 0.001. The heterogeneity analysis indicates that the Tau squared value is 0.967, with an I^2 value of 

93.466. This shows significant diversity in the variation among the analyzed journal studies. 

From the presented data, it can be concluded that there is a positive effect of AR on enhancing 

learning outcomes. This is based on the significant average estimated Effect Size (1.231) with a very low 

p-value (< 0.001), indicating a high statistical significance in the relationship between AR and improved 

learning outcomes. 

However, it is important to note that these findings are based on an analysis conducted on journals 

that may have significant diversity in their variance (I^2 of 93.466). Despite the significant positive effect, 

this diversity signifies substantial variation among the analyzed studies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data source:(Alqarni, 2021a; Buditjahjanto & Irfansyah, 2023; Dewi, 2020a; Dutta et al., 2023a; GUVENIR & GUVEN-
YILDIRIM, 2023; Indriyani et al., 2023; Özeren & Top, 2023a; Prasetya et al., 2021a; Sahin & Yilmaz, 2020; Sriadhi et al., 
2022; Wahyu, Suastra, Sadia, et al., 2020; Weng et al., 2020a; YILDIRIM, 2020; Ziden et al., 2022a) 
 

Figure 1. Overall Effect: black plot is the Effect Size of each study; The blue plot is the overall average 
Effect Size 

 Figure 1 shows that most of the Effect Sizes are on the positive side (shown by the black plot), 
indicating that the use of AR has an impact on learning outcomes in each study (with the experimental 
class tending to be better than the control class). The further to the right a plot is, the greater the influence 
it exerts. Only one study showed a negative effect size, indicating that the use of AR did not have a 
significant impact on learning outcomes in that study. Overall, the Mean Effect Size reached 1.231 (shown 
in the blue plot) and is included in the high category. This Mean Effect Size confirms that overall, the use 
of AR has a significant influence on learning outcomes based on the overall study results. 
 Research findings show that there are 15 studies that empirically/practically identify and even 
explore the impact of using AR on student learning outcomes. A description of the results of these studies 
and a study of limitations and potential further research to be carried out to develop knowledge on this 
specific topic is described in Table 1. 
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Table 5. High effect on learning achievement 

No Author Title Result Future direction 

1 Ozeren, S & Ke p, 
E. 2023 

The effects of 
augmented reality 
applications on the 
academic  
achievement  and  
motivation  of  
secondary  school 
students 

The effect of 
applying 
augmented reality 
on the academic 
achievement and 
motivation of 
secondary school 
students can 
provide valuable 
insight into the 
potential benefits 
of AR in improving 
academic 
achievement and 
motivation. 

While the research by 
Özeren, S & Top, E. 
(2023) contributes to 
understanding the 
influence of AR 
applications on 
academic achievement 
and motivation in 
secondary education, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
new avenues for 
enhancing the 
effectiveness of AR in 
educational settings. 

2 Dian, Indriyani, 
Muhfahroyin, 
Handoko Santoso. 
2023 

Pengaruh Model 
Pembelajaran 
Discovery Learning 
Berbasis Augmented 
Reality Terhadap Hasil 
Belajar 

The Discovery 
Learning Learning 
Model Based on 
Augmented 
Reality provides a 
positive effect on 
improving 
Learning 
Outcomes 

While the research by 
Dian, Indriyani, 
Muhfahroyin, Handoko 
Santoso (2023) 
contributes to 
understanding the 
influence of AR-based 
discovery learning on 
learning outcomes, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
new avenues for 
enhancing the 
effectiveness of AR in 
educational settings. 

3 Wahyu, Yuliana; 
Suastra, I. Wayan; 
Sadia, I. Wayan; 
Suarni, Ni Ketut 
(2020) 

The Effectiveness of 
Mobile Augmented 
Reality Assisted 
STEM-Based Learning 
on Scientific Literacy 
and Students' 
Achievement 

The results 
revealed that: 1) 
The application of 
STEM-based 
learning assisted 
by Mobile 
Augmented 
Reality is quite 
effective in 
increasing 
students' scientific 
literacy. 2) The 
application of 
STEM-based 
learning assisted 
by Mobile 

While the research by 
Wahyu, Yuliana; 
Suastra, I. Wayan; 
Sadia, I. Wayan; 
Suarni, Ni Ketut (2020) 
contributes to 
understanding the 
influence of mobile AR 
applications on 
scientific literacy and 
students' achievement 
in STEM education, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
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No Author Title Result Future direction 

Augmented 
Reality is effective 
in improving 
students' 
achievement. 3) 
There is a 
difference in the 
results of the 
students' scientific 
literacy and 
achievement 
between the 
students who are 
taught using 
STEM-based 
learning assisted 
by mobile 
augmented reality 
and students who 
are taught 
applying 
conventional 
learning 

new avenues for 
enhancing the 
effectiveness of mobile 
AR in educational 
settings 

4 Dilara Sahin a, 
Rabia Meryem 
Yilmaz (2020) 

The effect of 
Augmented Reality 
Technology on middle 
school students' 
achievements and 
attitudes towards 
science education 
 

The results 
revealed that the 
students were 
pleased and 
wanted to 
continue using AR 
applications in the 
future. They also 
showed no signs 
of anxiety when 
using AR 
applications. In 
addition, it was 
found that 
academic 
achievements and 
attitudes of the 
students in the 
experimental 
group showed a 
positive, 
significant and 
intermediate 
correlation. 

While the research by 
Dilara Sahin and Rabia 
Meryem Yilmaz (2020) 
contributes to 
understanding the 
influence of AR 
technology on middle 
school students' 
achievements and 
attitudes towards 
science education, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
new avenues for 
enhancing the 
effectiveness of AR in 
educational settings. 
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No Author Title Result Future direction 

5 Dutta et al 2023 Measuring the Impact 
of Augmented Reality 
in Flipped Learning 
Mode on Critical 
Thinking, Learning 
Motivation, and 
Knowledge of 
Engineering Students 

The experimental 
outcomes indicate 
that the use of AR 
technology has a 
significant positive 
impact on the 
critical thinking 
skills, learning 
motivation, and 
knowledge gain of 
students. The 
study also found 
that critical 
thinking skills and 
learning 
motivation have a 
significant positive 
correlation with 
the knowledge 
gain of students in 
the experimental 
group. 

While the research by 
Rubina Dutta, Archana 
Mantri, Gurjinder Singh 
& Narinder Pal Singh 
(2023) contributes to 
understanding the 
influence of AR in 
flipped learning mode 
on critical thinking, 
learning motivation, and 
knowledge of 
engineering students, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
new avenues for 
enhancing the 
effectiveness of AR in 
educational settings. 

6 Buditjahjanto & 
Irfansyah 2023 

Augmented reality on 
students' academic 
achievement viewed 
from the creative 
thinking level 

The results 
showed that 
learning media 
and creative 
thinking levels 
affect cognitive 
and psychomotor 
learning 
outcomes. 
Cognitive learning 
outcomes of 
students using AR 
are higher than 
student learning 
outcomes using 
PowerPoint. 
Meanwhile, the 
psychomotor 
learning outcomes 
of students using 
AR are higher 
than those using 
PowerPoint. The 
learning media 
significantly 
affects cognitive 
learning outcomes 
with a p‑value = 
0.007, while the 

While the research by 
RI Gusti Putu Asto 
Buditjahjanto and Juki 
Irfansyah (2023) 
contributes to 
understanding the 
influence of AR 
technology on students' 
academic achievement 
viewed from the 
creative thinking level, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
new avenues for 
enhancing the 
effectiveness of AR in 
educational settings. 
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No Author Title Result Future direction 

creative thinking 
level significantly 
affects 
psychomotor 
learning outcomes 
with a p-value = 
0.016. 

7 Ziden et al (2022) Effectiveness of 
Augmented Reality 
(AR) on Students’ 
Achievement and 
Motivation in Learning 
Science 

The paired t-test 
results showed 
that there was 
also a significant 
difference in 
students’ 
motivation. The 
semi-structured 
interview showed 
that AR-NutricARd 
has the 
capabilities and 
intriguing aspects 
that encourage 
students to 
engage with the 
science subject. 
The findings of the 
study also showed 
that there is a 
significant 
relationship 
between 
motivation and 
achievement. 
Thus, a higher 
motivation implies 
increased student 
achievement. 

While the research by 
Azidah Abu Ziden, 
Ahmad Aidil Abu Ziden, 
and Adu Emmanuel 
Ifedayo (2022) 
contributes to 
understanding the 
influence of AR 
technology on students' 
achievement and 
motivation in learning 
science, there are 
opportunities for future 
research to address the 
identified limitations and 
explore new avenues 
for enhancing the 
effectiveness of AR in 
science education 

8 Alqarni 2021 Comparison of 
Augmented Reality 
and Conventional 
Teaching on Special 
Needs Students' 
Attitudes towards 
Science and Their 
Learning Outcomes 

results supported 
that AR 
technology has 
the potential to 
enhance students 
with learning 
disabilities positive 
attitudes. The 
result shows that 
AR technology 
helped students in 
promoting positive 
attitudes towards 
students and 

while the research by 
ATurki Alqarni (2021) 
contributes to 
understanding the 
influence of AR 
technology on special 
needs students' 
attitudes towards 
science and their 
learning outcomes, 
there are opportunities 
for future research to 
address the identified 
limitations and explore 
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No Author Title Result Future direction 

enhance students 
learning 
outcomes. 

new avenues for 
enhancing the 
effectiveness of AR in 
special 

 The table provides a comprehensive overview of multiple studies exploring the impact of 
Augmented Reality (AR) technology on various aspects of education. These studies collectively suggest 
that AR applications have a generally positive influence on different facets of learning, including academic 
achievement, motivation, learning outcomes, scientific literacy, critical thinking, attitudes towards 
learning, and engagement among students. Key findings across these studies highlight several 
consistent themes: 
1. Academic Achievement Enhancement: Multiple studies demonstrate a positive correlation between 

AR technology and improved academic achievement across different subjects and educational 
levels. 

2. Motivation and Engagement: AR applications often increase students' motivation and engagement 
levels in learning activities. The interactive and immersive nature of AR appears to enhance interest 
and participation in educational content. 

3. Learning Outcomes and Attitudes: AR technology positively influences learning outcomes, such as 
cognitive and psychomotor skills, as well as shaping positive attitudes towards subjects among 
students, including those with special needs. 

4. Subject-specific Benefits: AR applications show promise in enhancing learning experiences in 
specific subject areas like STEM (Science, Technology, Engineering, and Mathematics) subjects, 
science education, and engineering. 

5. Impact on Different Learning Modes: Whether in conventional classroom settings or in flipped 
learning models, AR technology consistently demonstrates positive impacts on critical thinking, 
knowledge gain, and learning motivation. 

 Despite these promising findings, the studies also acknowledge certain limitations and 
opportunities for further research: 
1. Identified Limitations: The studies point out specific constraints or drawbacks in the methodologies, 

sample sizes, duration of the studies, or technological constraints associated with AR implementation 
in educational settings. 

2. Opportunities for Future Research: There is a consensus across the studies about the need for future 
research to address these limitations. Additionally, researchers highlight the potential for further 
exploring new strategies to optimize AR's effectiveness in educational contexts. This includes 
addressing diverse student populations, refining the AR applications for specific learning objectives, 
and exploring ways to integrate AR seamlessly into various educational settings. 

 While the collective findings strongly support the positive influence of AR on various educational 
aspects, further research is essential to address the identified limitations and fully harness the potential 
of AR technology in enhancing learning outcomes, motivation, and engagement across different 
educational settings and student demographics. 
 
CONCLUSION  

The evidence suggests a favorable impact of AR on enhancing learning results. This conclusion is 
drawn from a substantial average estimated Effect Size (1.231) combined with an extremely low p-value 
(< 0.001), signifying a highly statistically significant connection between AR and heightened learning 
outcomes. Although the cumulative findings strongly endorse AR's beneficial influence on multiple 
educational facets, additional research remains crucial to tackle acknowledged constraints and maximize 
AR technology's potential in improving learning results, motivation, and engagement across diverse 
educational environments and student populations. 
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