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Abstract 

Today, there are many studies available in the literature that test the effectiveness 

of using augmented reality (AR). However, these studies provide varying results. In 

this regard, a meta-analysis is needed to examine the overall effect of all studies that 

question the influence of Augmented Reality-Based Learning (ARBL) on students' 

academic ability. Then, moderator variables need to be investigated to consider their 

implications. Data were examined from the Scopus and Google Scholar databases using 

the Publish or Perish application between 2016 and 2023. Data screening resulted in 69 

independent groups of 32 eligible primary studies with 2659 subjects. Population 

estimation was based on a random effects model, and Comprehensive Meta-Analysis 

(CMA) was used as a calculation tool. The study's results provided an overall effect 

size of 0.81 (large effect). This shows that ARBL greatly affects students' academic 

ability, so its application must be considered. Of all the moderator variables analyzed, 

year of study, educational level differences, and subject matter were associated with 

differences in effect sizes in the main study. Thus, these three variables need to be 

considered in educational settings related to the development and implementation of 

ARBL in the future. Several new findings and research gaps are discussed and will help 

teachers, lecturers, and practitioners fill them in the future. 

Keywords: augmented reality, students' academic ability, meta-analysis, moderator 

variables, effect size  

 

 

INTRODUCTION 

Augmented reality (AR) is the latest innovation in contemporary visualization 

technology that can expand sensory perception through digital objects (Buchner & 

Kerres, 2023). AR technology has great potential in the world of education, more 

specifically in learning (Sural, 2018; Z. A. Yilmaz & Batdi, 2021). Virtual things through 

AR interfaces help teachers visualize abstract objects (Demitriadou et al., 2020; Kan, 
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2021; Leitão et al., 2014) thus enabling the creation of attractive and engaging 

environments and promoting student engagement (Kim et al., 2018; Savela et al., 2020; 

Sudirman et al., 2020). 

The main characteristics of AR are that real and virtual objects are displayed 

simultaneously, the interaction process takes place in real-time, and virtual and real 

objects are registered geometrically (Buchner & Kerres, 2023). Initially, AR technology 

was only used by the military, but in 2016, with the release of the AR game Pokémon Go, 

AR technology began to be widely known and operated using smartphones (Qiao et al., 

2019). AR technology is commonly used in learning because it helps teachers 

communicate (Mingsiritham et al., 2020) and visualize abstract concepts through 3D 

images (Saidin et al., 2019). AR technology is increasingly relevant to be integrated in 

various sectors (Cabero-Almenara et al., 2019; M. Silva et al., 2023). In education AR 

media has been developed for in-flight training (Giannopulu et al., 2022; Li et al., 2022), 

supporting health services (Balian et al., 2019; Tao et al., 2023; Wan et al., 2022), 

facilitating assembly adaptation in the construction industry (Grodotzki et al., 2023), and 

development in the tourism sector (Ronaghi & Ronaghi, 2022). 

The development of AR technology in learning has given rise to a new didactic 

design, Augmented Reality-Based Learning (ARBL). This didactic design is 

characterized by integrating AR technology with interactive 3D in teaching materials to 

support students in strengthening their specific abilities (Hamzah et al., 2021; Tuwoso et 

al., 2021). AR is an innovative technological tool that is very attractive to users, enabling 

the sharing of information dynamically and realistically (Cardenas-Valdivia et al., 2023). 

AR-based learning can also help in programming learning and practice (Putra et al., 

2021), and reduce the costs of creating conventional media (Samala & Amanda, 2023). 

AR technology has been considered an alternative learning media that is close to students' 

lives (Pradibta, 2018) thus triggering a flurry of studies to test its effectiveness. 

Previous empirical studies have questioned the effectiveness of using ARBL but 

have sometimes yielded conflicting results. In the current literature, various studies have 

concluded that ARBL can support students' learning interests and improve their academic 

abilities (e.g., (Cahyana et al., 2023; A. C. Silva et al., 2022; Whang et al., 2021)). 

Meanwhile, other research conditions show different results where the use of ARBL does 

not affect students' academic abilities. (e.g. Chang et al., 2019; Chien et al., 2017; Yilmaz 

& Goktas, 2017). Another study shows that the results of the analysis of the achievement 

of the learning process appear to still be in the sufficient category (Huda et al., 2021). The 

most recent studies confirm that the integration of AR technology into the classroom has 

not had a consistent impact on students' academic abilities (Buchner & Kerres, 2023). 

Temporary, and policy implementers need valid information or conclusions about the 

magnitude of the overall effect of ARBL use and what conditions need to be considered 

so that ARBL use achieves maximum results.  

This gap can be filled by summarizing primary research results to obtain an overall 

study effect size. In this case, a meta-analysis study can be applied because, with this 

work, we can integrate the findings of primary studies and investigate the reasons for the 

inconsistency of results from all primary studies to consider its implementation in the 
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future and then analyze (Franzen, 2020; Tamur et al., 2023; Wijaya et al., 2022). Meta-

analysis leads to accurate conclusions (Siddaway et al., 2019).   

Previous studies have reviewed the use of AR and its contribution to learning (e.g., 

(Cardenas-Valdivia et al., 2023)). Research conducted by (Hedberg et al., 2018) and 

(Garzón, 2021) presents findings about the mobile platforms used in AR studies and the 

pedagogical approaches used. In addition, (Masmuzidin et al., 2022) has reviewed 16 

articles presenting five research themes: information, interface, interaction, imagination, 

and immersion. Several meta-analysis studies on the effects of AR have been conducted 

in the literature, but these studies still need to be confirmed so that their contribution is 

clearer. Likewise, the meta-analysis conducted by Jeffri & Awang Rambli (2021) has 

tested that AR technology is related to device variables, relevance and accuracy of 

content, user factors, material presentation, and the tasks' characteristics. Apart from that, 

until 2023, there will be no meta-analysis results regarding trends in ARBL use. 

In an effort to obtain a more up-to-date and comprehensive picture regarding the 

overall influence of the use of ARBL in education, a meta-analysis study needs to be 

carried out. This research fills a gap in the literature by determining the magnitude of the 

overall influence of ARBL use on students' academic abilities and investigating several 

moderating variables that could influence the size of the study effect. In accordance with 

the research objectives, the moderator variables considered in this research are the year 

of research, class capacity, education level, and subject matter. 

This study will contribute to the literature, teachers, lecturers, and practitioners who 

will implement ARBL in the future by considering existing moderator variables. The 

results of this study can be used to consider differences in educational levels in 

implementing ARBL, and also appropriate subject matter. The focus of this work is to 

answer two main problems, namely: (1) is the average ES of all studies examining the 

influence of ARBL on students' academic abilities significantly different from zero? and 

(2) Are the moderator variables considered in this work related to differences in effect 

sizes between primary studies? 

 

METHODS 

Meta-analysis is applied to solve research problems because its conclusions are 

more valid than primary studies (Cooper, 2017).  This research begins with problem 

formulation, followed by data tracking, continues with data coding, statistical calculation 

stages, and ends by discussing the results and findings  (Borenstein et al., 2009).  

Literature Search 

This research chose the Google Scholar and Scopus databases as document search 

locations. 

Inclusion Criteria 

After the data was collected using the Publish or Perish application, it was then 

selected using the following provisions; a). articles written in English or Indonesian and 

taken from the Scopus and Google Scholar databases between 2016-2023; b) The study 

provides the necessary statistical data. Studies with incomplete data were excluded (e.g., 

Saleem et al., 2021)); c) Quantitative research and experimental classes were compared 
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with control classes. Development research that only used one sample or a qualitative 

approach was not included in the analysis (e.g., (Ratnawati et al., 2022)). In this study, 

suggestions from (Pigott & Polanin, 2020), namely using the PRISMA protocol. The data 

filtering process using the PRISMA protocol is available in Figure 1. 

 
Figure 1. Data selection process 

Figure 1 shows the stages of the data screening process. At the identification stage, 

the total articles related to ARBL from the online database were 374. At the screening 

stage, 52 identical articles were identified and were excluded. Then, based on the 

inclusion requirements, 193 articles were excluded from the analysis. Furthermore, 102 

articles were checked for completeness, especially information on statistical reports to 

obtain effect size values. A total of 70 articles were declared incomplete and were 

excluded from the analysis. Thus, the number of primary studies eligible for analysis was 

32. However, several primary studies analyzed more than one group so that the total 
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independent samples analyzed were 69. A list of 31 research journal articles used as data 

in this study has been attached. 

Coding Process 

In this study, the variables coded were year of research, class capacity, education 

level, and subject matter. A detailed coding sheet served as the research instrument. With 

this instrument, two coders coded all data separately according to (Cooper, 2017) 

guidelines. The level of agreement between the two coders is determined using Cohen's 

Kappa formula  (McHugh, 2012), namely:  

 𝑘 =
𝑃𝑟(𝑎)−𝑃𝑟(𝑒)

𝑃𝑟(𝑒)
 (1) 

In equation (1), the observed agreement is represented by Pr (a), and the deal due to 

chance is represented by Pr (e). An index of 0.85 or more significant has been previously 

determined to be considered high (McHugh, 2012). An index k = 0.97 was obtained which 

was interpreted as meaning that the two coders achieved an almost perfect level of 

agreement. 

Statistic Analysis 

The CMA v3 software was used to assist in calculating the ES for each study.  This 

work uses the classification (Cohen et al., 2018)  to categorize study effect sizes as more 

than 1.3 (very large), 0.8 to 1.3 (large), 0.5 to 0.8 (medium), 0.2 to 0.5 (small), and 0.2 or 

less (negligible). If the p-value <0.05, then the ES of each study is inconsistent 

(Borenstein et al., 2009). 

In addition, publication bias should be analyzed to ensure there are no errors in the 

presentation of research findings. This was anticipated by examining funnel plots, and 

trim and fill procedures were used to assess the impact of publication bias (Borenstein et 

al., 2009). There is no indication of publication bias if the distribution of ES is 

symmetrical. Next, the trim and fill procedure is used if the visualization results of the 

effect size (ES) are asymmetrically distributed.  

 

RESULTS AND DISCUSSION 

First, this research aims to answer the first question: analyzing the average ES of 

using augmented reality in education. From the results of data filtering, there were 69 

independent samples included in this analysis. The hit plot of this study is shown in Figure 

2. Based on Figure 2, it can be seen that the level of confidence and the level of response 

are generally different. This can be seen from the distribution of effect sizes symbolized 

by square boxes where the location is not in one vertical line. This means that 

descriptively, the effect sizes of each study are distributed heterogeneously. However, it 

still needs to be tested statistically to ensure that the estimation method meets the initial 

assumptions. Table 1 is a summary of the analysis to answer the first research question.  
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Figure 2. Research forest plot 

 

Table 1. Summary of main results 

Model N ES Average 

(Hedges’s g) 

Standard 

error 

Test of null Q P 

Z-

value 

P-

value 

  

Fixed-effects (FE)  69 0.74 0.03 24,34 0.00 427.67 0.00 

Random-effects (RE) 69 0.81 0.07 11,22 0.00 

 

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 

in means error Variance limit limit Z-Value p-Value

Aryani, Akhlis, & Subali, 2019 1,415 0,310 0,096 0,807 2,023 4,563 0,000

Affandi, et al. 2017 0,525 0,240 0,057 0,056 0,995 2,192 0,028

 Bursali & Yilmaz, 2019a 0,822 0,221 0,049 0,389 1,255 3,721 0,000

 Bursali & Yilmaz, 2019b 0,839 0,221 0,049 0,405 1,273 3,793 0,000

 Bursali & Yilmaz, 2019c 0,601 0,217 0,047 0,176 1,026 2,771 0,006

 Bursali & Yilmaz, 2019d 0,599 0,217 0,047 0,174 1,023 2,761 0,006

Cahyana et al. 2023a 2,343 0,241 0,058 1,870 2,816 9,717 0,000

Cahyana et al. 2023b 1,261 0,115 0,013 1,036 1,486 10,987 0,000

Cahyana et al. 2023c 1,823 0,204 0,042 1,423 2,223 8,936 0,000

Cahyana et al. 2023d 1,127 0,217 0,047 0,700 1,553 5,180 0,000

Nurwijaya, 2022 3,303 0,394 0,155 2,531 4,075 8,389 0,000

Whang et al. 2021a 1,894 0,234 0,055 1,436 2,353 8,103 0,000

Whang et al. 2021b 0,781 0,202 0,041 0,386 1,176 3,874 0,000

Whang et al. 2021c 0,695 0,200 0,040 0,303 1,087 3,475 0,001

Ibili et al. 2019a 0,557 0,201 0,040 0,163 0,951 2,774 0,006

Ibili et al. 2019b 0,469 0,200 0,040 0,078 0,861 2,350 0,019

Ibili et al. 2019c 0,273 0,198 0,039 -0,115 0,661 1,378 0,168

Ibili et al .2019d 0,396 0,199 0,040 0,006 0,786 1,989 0,047

Ibili et al. 2019e 0,344 0,199 0,039 -0,045 0,733 1,732 0,083

Ibili et al. 2019f 0,512 0,200 0,040 0,120 0,905 2,558 0,011

Chien et al. 2017a 0,139 0,299 0,089 -0,447 0,724 0,464 0,642

Chien et al. 2017b 0,632 0,306 0,093 0,033 1,231 2,067 0,039

Chien et al. 2017c -0,588 0,305 0,093 -1,185 0,009 -1,931 0,054

Chien et al. 2017d -0,575 0,304 0,093 -1,171 0,022 -1,888 0,059

Chien et al. 2017e 0,642 0,306 0,094 0,042 1,241 2,098 0,036

Yilmaz & Goktas, 2016a 0,357 0,202 0,041 -0,039 0,752 1,769 0,077

Yilmaz & Goktas, 2016b 0,986 0,212 0,045 0,571 1,401 4,655 0,000

Yilmaz & Goktas, 2016c 0,751 0,207 0,043 0,345 1,156 3,628 0,000

Yilmaz & Goktas, 2016d 1,059 0,214 0,046 0,641 1,478 4,961 0,000

Yilmaz & Goktas, 2016e 0,000 0,200 0,040 -0,392 0,392 0,000 1,000

Yilmaz & Goktas, 2016f 0,813 0,208 0,043 0,405 1,221 3,907 0,000

Chang et al. 2019a 0,128 0,278 0,077 -0,416 0,673 0,461 0,645

Chang et al. 2019b 0,272 0,279 0,078 -0,274 0,819 0,976 0,329

Chang et al. 2019c 0,004 0,278 0,077 -0,540 0,548 0,013 0,989

Chang et al. 2019d 0,774 0,288 0,083 0,210 1,338 2,689 0,007

Aldalalah et al 2019a 1,138 0,229 0,052 0,689 1,586 4,972 0,000

Aldalalah et al 2019b 0,566 0,217 0,047 0,142 0,991 2,616 0,009

Eldokhny et al 2021a 1,199 0,343 0,118 0,526 1,873 3,492 0,000

Eldokhny et al 2021b 0,090 0,316 0,100 -0,530 0,710 0,283 0,777

Putra et al 2021 0,472 0,241 0,058 0,001 0,944 1,963 0,050

Setiawan. et al (2023a) 2,080 0,563 0,317 0,978 3,183 3,698 0,000

Setiawan. et al (2023b) 3,220 0,679 0,461 1,889 4,551 4,741 0,000

Setiawan. et al (2023c) 2,180 0,400 0,160 1,397 2,963 5,456 0,000

Kamaruddin & Thahir, 2021 1,363 0,262 0,068 0,850 1,876 5,209 0,000

Acesta & Nurmaylany, 2018 2,506 0,378 0,143 1,765 3,247 6,629 0,000

Jannah & Oktaviani, 2022 0,780 0,293 0,086 0,205 1,355 2,658 0,008

Mulianti, Susanta, & Haji, 2023 2,351 0,402 0,161 1,564 3,138 5,854 0,000

Syam, Ismail, & Ali, 2021 0,849 0,295 0,087 0,270 1,428 2,876 0,004

Aprilianti, Kurnia, & Puspitasari, 2022 0,649 0,296 0,088 0,068 1,229 2,191 0,028

Danti, Cahyono, & Tryanasari, 2023 0,725 0,292 0,085 0,152 1,298 2,481 0,013

Ratnasari, Mahrawi, Wahyun, Octaviana, 2022 0,785 0,245 0,060 0,306 1,265 3,210 0,001

Oktaviani, Lusa, & Noperman, 2019 1,054 0,311 0,097 0,444 1,664 3,384 0,001

Silva et al. 2023a 0,506 0,207 0,043 0,100 0,913 2,442 0,015

Silva et al. 2023b 0,432 0,206 0,043 0,027 0,837 2,092 0,036

Silva et al. 2023c 0,362 0,206 0,042 -0,041 0,765 1,760 0,078

Silva et al. 2023d 0,489 0,207 0,043 0,083 0,895 2,362 0,018

Silva et al. 2023e 0,251 0,205 0,042 -0,151 0,652 1,224 0,221

Tao, et al. 2023a 0,307 0,209 0,044 -0,102 0,716 1,473 0,141

Tao, et al. 2023b 0,206 0,208 0,043 -0,202 0,614 0,991 0,322

Tao, et al. 2023c -0,049 0,207 0,043 -0,456 0,358 -0,236 0,813

Al-Nawaiseh, eta al. 2020 1,262 0,313 0,098 0,649 1,875 4,032 0,000

Gunel et al. 2018 0,311 0,335 0,112 -0,347 0,968 0,926 0,354

Onal et al. 2021a 2,682 0,386 0,149 1,925 3,438 6,948 0,000

Onal et al. 2021b 0,692 0,288 0,083 0,127 1,257 2,400 0,016

Safar et al. 2017a 1,158 0,333 0,111 0,504 1,812 3,473 0,001

Safar et al. 2017b 0,919 0,324 0,105 0,283 1,555 2,832 0,005

Baba et al.2022 1,041 0,454 0,206 0,150 1,931 2,290 0,022

Hanid et al. 2022 0,531 0,258 0,067 0,025 1,038 2,055 0,040

Sahin et al. 2018 1,191 0,220 0,049 0,759 1,623 5,405 0,000

0,822 0,074 0,006 0,676 0,968 11,061 0,000

-4,00 -2,00 0,00 2,00 4,00

Favours A Favours B

Meta Analysis

Meta Analysis
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When Table 1 is evaluated, the P value for the test of null < 0 based on the RE 

model. This result provides an answer to the first question that the average ES 

representing the intervention for each study on the effect of ARBL on students' academic 

ability is significantly different from zero. Thus, overall, the research results clarify the 

superiority of the experimental group using ARBL with an average ES of 0.81, which is 

accepted as a significant effect according to (Cohen et al., 2018). Next, it is necessary to 

pay attention to whether these results are resistant to publication bias. This can be seen 

by looking at the research funnel plot in Figure 3. 

 

 

Figure 3. Funnel Plot of 60 Independent Samples 

From the distribution of effect sizes in Figure 3, it can be seen that the distribution 

is not symmetrical. Trim and Fill procedures were performed to assess the impact of 

publication bias on this study. Evaluated the extent of the effects associated with 

publication bias in the ES obtained from meta-analyses conducted according to the RE 

model, and the results are presented in Table 2. 

Table 2. Trim and Fill Results  
Studies 

Trimmed 

Random-Effects Q Value 

Point 

Estimate 

Lower 

Limit 

Upper 

Limit 

Observed values  0.81 0.66 1.96 427.67 

Adjusted values 0 0.81 0.66 1.96 427.67 

 

Based on Table 2, the observed and virtual effect sizes are the same. This 

emphasizes that there is no need to trim or add studies due to publication bias. Thus, the 

study ES accepted as 0.81 (large effect) does not indicate publication bias. In other words, 

this value can be trusted to estimate the effect of ARBL in the population on students' 

academic abilities.  

Further sensitivity analyses are needed to explore potential abnormal ES data 

sources. Table 3 presents the findings based on a random effects model where the average 

ES of the study was g = 0.81. Sensitivity analysis used the “One study removed” tool in 
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the CMA software. The analysis results give g = 0.95 as the highest average and g = 0.66 

as the lowest average. These results are the same as the study mean intervals presented in 

Table 2 before using the “One study removed” method. This provides essential 

information: this study's ES data set is still stable even though one or more ES data are 

not included. This means that the data analyzed in this study are not sensitive to 

differences in ES. 

Table 3. Results of Sensitivity Analysis Using the “One study removed” Method 

Number of ES Point Estimate (g) 95%CL 

69 0.81 [0.66; 0.96] 

 

Next, substantial moderator variables are examined to achieve the second objective 

or question. According to (Arik & Yilmaz, 2020) moderator variables must be explored 

further because the estimation method chosen corresponds to a RE model (Table 4). 

Table 4. Moderator Variable Analysis 

Moderator 

Variables 
Category N Hedge's g 

Heterogeneity 

(Qb) df(Q) P 

Year of Study 

2016-2017 14 0.52 

36.03 3 0.00 
2018-2019 21 0.63 

2020-2021 11 0.92 

2022-2023 23 0.98 

Educational 

stage 

Primary School (PS) 27 1.34 

92.69 

 

 

3 

 

 

0.00 

 

Junior high school 

(JHS) 
8 0.68 

Senior high school 

(SHS) 
18 0.63 

College 15 0.53 

Class Capacity 
30 or less 30 0.82 

0.18 1 0.12 
31 or over 38 0.71 

Subject Matter 

Biology 3 1.35 

40.32 6 0.00 

Chemistry 9 0.87 

Language 12 0.69 

Mathematics 14 0.64 

Natural science 20 0.61 

Physics 6 0.51 

Social science 4 0.92 

 

Discussion 

The results of the calculations and analysis provide an average ES study of 0.81, 

which is included in the large influence category based on Cohen's category (Cohen et 

al., 2018). In general, these results are surprising because they are pretty different from 

the results of previous meta-analyses where the average ES of studies on ARBL 

influences was in the medium category with a range of 0.6 to 0.8 (e.g., Jeffri & Awang 

Rambli, 2021; Lin & Yu, 2023; Ozdemir et al., 2018; Yilmaz & Batdi, 2021)). It can be 

said that these results strengthen the empirical validity related to the influence of ARBL 

on students' academic abilities. Even though previous meta-analysis research was carried 



Hipotenusa: Journal of Mathematical Society, 6 (2), December 2024 
Maximus Tamur, Tommy Tanu Wijaya, Alberta Parinters Makur, Yudi Wibisono,  

Kristianus Viktor Pantaleon 
 

224 

 

out at different times, it showed almost the same findings. This shows an almost similar 

global trend of ARBL influence. It should be noted that previous studies limited the data 

analyzed to less than 2019. In contrast, this study limited the research to 2016 to 2023 to 

clarify trends in education and be able to consider their implications. 

This research involved 2659 subjects, and the average sample size was 41. The ES 

of 0.81 can be interpreted to mean that students ranked 21st in the experimental class are 

considered the same as students ranked 9th in the control class. This illustrates the 

strength of ARBL's influence on students' academic abilities. This is because by using 

ARBL, students feel satisfaction from their participation, and there is a desire to use it 

repeatedly (Bursali & Yilmaz, 2019; Kim et al., 2018; Savela et al., 2020; Sudirman et 

al., 2020). This is possible because ARBL offers contemporary visualization that can 

expand students' sensory perceptions (Buchner & Kerres, 2023). Apart from that, using 

ARBL helps teachers to visualize objects in real-time (Demitriadou et al., 2020; Kan, 

2021; Leitão et al., 2014; Mailizar & Johar, 2021).   

Next, Table 3 shows the results of the moderator variable analysis. First, the 

summary analysis implied that the year of study consisting of four categories was shown 

to mediate the average ES of the study (P<0.00). From these four categories, the study 

ES is larger in the most recent group of studies. This clearly shows that the trend of using 

ARBL between 2020 and 2023 is getting stronger and providing maximum results. 

Meanwhile, the average ES in the group of studies under 2020 was almost the same as 

the results of previous meta-analyses in the range of 0.6 to 0.8 (e.g., Lin & Yu, 2023; 

Ozdemir et al., 2018; Yilmaz & Batdi, 2021). From these results, it is interesting that there 

is an increase in the influence of ARBL use worldwide from year to year. This global 

trend provides a new direction for teachers, lecturers, stakeholders, and professionals to 

develop the ARBL didactical framework to support its future implementation. 

Table 3 also shows the results of the analysis of the educational level variable where 

the P value <0.00 indicates that the academic level of the study group being analyzed 

mediates the difference in the average ES of the main study. From the analysis results, 

the application of ARBL in tertiary and junior high schools should be preferred because 

it provides higher effectiveness. This result is almost the same as the meta-analysis 

findings from (Ozdemir et al., 2018) that using ARBL must consider educational level. 

However, the analysis results of academic-level variables must be further verified by 

involving many related study groups to provide a clearer picture.  

Furthermore, Table 3 also summarizes the results of the moderator analysis of class 

capacity or sample size in the experimental group. From the investigation results, it can 

be seen that the P value is> 0.05, which indicates no difference in ES between the two 

categories. This result is surprising because it differs from the results of other meta-

analyses, especially for using technology other than AR. Several previous meta-analyses 

provide different effects that small sample sizes should be more considered in educational 

settings (Juandi, 2021; Juandi, Tamur, et al., 2022; Tamur et al., 2021, 2023). This 

difference is possible because the application of ARBL requires students to work 

individually, for example, by using an intelligent pin when exploring AR. Meanwhile, 
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learning using computers usually involves several students on one computer. However, 

this can be verified again in further research to see a clearer picture.  

Finally, this study considers Subject Matter as a moderator variable with seven 

categories: Chemistry, Language, Mathematics, Natural science, Physics, and Social 

science. The analysis results found a P value <0.00, which means there are differences in 

the ES of the seven categories or subgroups. Interestingly, the ES for the social science 

study group was lower than for the other categories. This is also supported by a meta-

analysis conducted by (Ozdemir et al., 2018) which found the superiority of natural 

science study groups over social sciences. From these results, it is also clear that the 

application of ARBL seems to achieve more optimal results in chemical and biological 

subjects. Meanwhile, the fields of mathematics, language, and natural sciences provide 

almost the same effect size. 

 

CONCLUSION 

This research analyzed 69 independent samples from 32 primary studies. The 

analysis results concluded that the implementation of ARBL significantly impacted 

students' academic abilities. The analysis results also show that statistically, there is an 

increase in the influence of ARBL use worldwide from year to year. This global trend 

provides a new direction for teachers, lecturers, stakeholders, and professionals to 

develop the ARBL didactic framework to support its implementation in the future. 

The results of the analysis also provide differences in ES between primary studies 

mediated by various categorical variables. However, these results still need to be stronger 

because quite a lot of data cannot be retrieved. After all, it is paid or must be obtained 

through institutional collaboration. For example, Scopus articles in the IEEE database 

cannot be downloaded because they have to be paid for.  
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