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Abstract. The trend of using immersive technology with augmented reality as a didactic
tool has enriched the learning process with various superior content. Previous studies have
explored the aggregate effect of using augmented reality in education, but few have
analyzed the comparative effectiveness of studies between countries as a categorical
variable. Filling the previous gap, this work makes it possible to find the aggregate effect
of the application of augmented reality by comparing study results between countries as a
categorical variable. This work examined 52 independent comparisons for a total of 2,056
subjects. The analysis results assisted by CMA software showed that integrating immersive
augmented reality technology in learning was associated with a positive and moderate
effect ( g= 0.71, p< 0.005) compared to other learning conditions. This impact is
consistent and robust across primary studies. These results add empirical validity regarding
the effectiveness of immersive technology, as it is necessary to understand the study in the
context of future didactic development of Augmented Reality.

Keywords: Immersive Technology; Augmented Reality; Meta-Analysis; Categorical
Variables.

1 Introduction

Immersive technology Augmented Reality (AR) has now become a new trend [1], which
combines technology in teaching certain learning topics [2]. This technology is considered the
latest discovery and innovation that facilitates sensory perception through digital objects [3], so
it has the potential to be widely applied in the world of education [4], [5]. Virtual objects through
the AR interface help teachers to visualize 2D and 3D geometric objects [6]-[8]. AR supports
accessibility achieved through mobile devices and dynamic switching of gesture recognition
[9]. AR allows students to interact with virtual objects easily and naturally, thus supporting their
understanding of what they are learning and improving the quality of education.

AR technology helps teachers during the teaching and learning process as a tool that bridges
closeness with the environment [10]. Augmented reality has become an important educational
technology in teaching and learning. Technology-embedded learning provides increased
perception of existing material [11]. The advantages of augmented reality include replacing
existing objects, helping explain processes, helping simulations, getting attention, and
describing abstracts. , explains space concepts, and replaces experiments [12].
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The advantages of AR have given rise to a flurry of studies specifically testing its
effectiveness in learning. However, various previous empirical studies have provided varying
and inconsistent results. Several studies have found that AR-based learning can increase
students' interest in learning, thereby supporting the improvement of their academic abilities
(e.9., [13]-[17]). In contrast, several other individual studies show different results that the use
of AR has no or only a small impact on students' abilities (e.g., [18], [19]). Even the latest study
[3] found that the impact of technology AR on students' academic abilities is still unclear or
inconsistent.

Recent conditions have sparked a flurry of studies to discover the overall effectiveness of
using AR in the classroom. This will help educators, practitioners, and stakeholders to consider
the integration of AR in education. Meta-analysis can fill this gap by providing objective
findings and categoric variables that can be identified for use in the context of [20]-[24].

Relatedly, in the current literature, many meta-analyses specifically aim to find the overall
effect of using AR in education. For example, the meta-analyses that have been carried out by
[25] and [26] only considered limited moderator variables. Likewise, meta-analysis studies
conducted by [4] and [27] have analyzed the overall influence of AR technology in education
but have yet to proceed by analyzing categorical variables that might clarify variations between
primary study results. Of the various meta-analysis studies conducted, none has specifically
considered comparing effectiveness between countries as a categorical variable. Besides aiming
to analyze the overall impact of AR integration in education, this study fills the gap of previous
work by considering comparisons of effectiveness between countries as a categorical variable.
This contributes to the literature, teachers, lecturers, and stakeholders to consider the use of AR
in education.

2 Method

This work uses a meta-analysis approach because of its strong decision-making position
[28], [29]. This work begins with problem and hypothesis formulation, data tracking, data
coding, and statistical calculations and closes with interpreting the results [30]-[35]. The
following describes the details of these stages.

2.1 Literature Search

The online database is chosen as the location for searching for documents or journal articles
resulting from research that will be included in the analysis. Next, the Publish or Perish (PoP)
program was used to collect data on the influence of AR use in education. The use of PoP
supports transparency and quality of data search [36]-[38]

2.2 Literature Inclusion Criteria

Primary research collected using the PoP application was selected using the following
criteria: a). articles written in English and Indonesian and taken from online databases in the last
six years. b) Provide adequate statistical data. Studies that did not provide statistical data such
as (e.g., [2], [39], [40]). Were not included in the analysis c) Experimental research containing
a treatment class and a control class. In this study, suggestions from [41], namely using the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocol,
were considered as data filtering in order to produce transparent and high-quality meta-analysis
stages. Figure 1 presents the data filtering process.
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Fig. 1. Filtering data through PRISMA.

Based on Figure 1, 17 primary studies meet the inclusion criteria for analysis. However,
some studies consisted of more than one comparison. As a result, this study involved 52
comparisons.

2.3 Data Coding
This work uses coding sheets to transform data into numerical information. Two coders were
employed to examine the primary study and write down statistical data and information
according to categorical variables. The agreement index is calculated using the Kappa formula
[42] as follows:
k = Pr(a)—Pr(e) (1)
Pr(e)

The actual observed level of agreement is Pr(a), and the chance agreement level is Pr(e). In
this work, a value of 0.85 to 1 is interpreted as high agreement between the two coders [42].
From the calculation results, the index k = 0.96. This indicates that the instrument developed is
valid and reliable because the index obtained is more than 0.85, which means there is a
substantial to almost perfect match between the two coders.

2.4 Statistic Analysis

Effect size is chosen as a parameter to estimate the population. The effect size here is
defined as the magnitude of the influence of AR integration in education on student learning
outcomes. In this research, the CMA program was used to help calculate the effect size for each
study, including finding statistical data such as p-values, Q statistics, and confidence intervals,



funnel plots, and stem-leaf graphs. Hedges' g equation was chosen because some samples were
considered to be small. Interpretation of effect sizes is based on classification [43], namely, less
than 0.2 (negligible), 0.2 to 0.5 (small effect), 0.5 to 0.8 (medium effect), 0.8 to 1.3 (large effect),
and more than 1.3 (very large effect). The random effects model was selected after satisfying
the heterogeneity requirement. Decisions are taken by observing the p-value. If the p-value
<0.05 means the effect size of each study is different or heterogeneous [44]. The next stage is
checking for publication bias to prevent misrepresenting findings [45]. Determining the
presence of publication bias uses a funnel plot, and the trim and fill stage is used to see the effect
of publication bias on the aggregate effect size [44].

3 Results and Discussion

This research was conducted to analyze the overall effect of using AR in education, where
the effect size is the research parameter. The results of the data screening showed that 52
independent comparisons were included in the analysis. Table 1 is a summary of the calculation
results.

Table 1. Summary of Random Effects Model Analysis
Model N Hedges’s g SE Test of null Q P
Z-value  P-value
Fixed-effects 54 0.69 0.03 22.23 0.00 327.18 0.00
Random- 54 0.71 0.07 9.04 0.00

effects

Table 1 presents a P value = 0.00 < 0.05, which indicates that the selected estimate is based
on a random effects model. The aggregate effect size is 0.71, meaning that the use of AR has a
moderate effect on students' academic abilities [43]. Second, publication bias checks were
carried out using funnel plots. Figure 2 presents the research funnel plot extracted from the
CMA application.
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Fig. 2. Research funnel plot
Figure 2 clearly illustrates the asymmetric distribution of study effect sizes. Therefore, the

inspection procedure for the impact of bias must be carried out by examining Trim and Fill.
Table 2 presents the Trim and Fill results explored from the CMA application.




Table 2. Trim and fill analysis results.

Studies Random-Effects Q Value
Trimmed  Point Estimate Lower Limit  Upper Limit
Observed values 0.71 0.56 1.86 327.178
Adjusted values 0 0.71 0.56 1.86 327.178

Table 2 displays the trim and fill tests from left and right according to the random effects
model. It was seen that Based on the random effects model, the point estimate and 95%
confidence interval for the pooled studies was 0.71. Using Crop and Fill, these values do not
change. This means there is no publication bias impact on this research's results. Thus, the
overall effect size of the study was found to be 0.71, which is accepted as a large effect size that
can be used to estimate the population.

Both of these studies consider the Comparison Between Countries as a categorical variable.
A summary of the analysis results is presented in Table 3.

Table 3. Summary of Categorical Variable Analysis Results

Heterogeneity

Variable Category N Hedge's g (Qb) 4f(Q) b
. Indonesia 8 0.76
Comparison Between .
Countries Foreign 44 1.01 10.44 1 0.00
Countries

The analysis results gave an overall effect size of 0.71, categorized as a medium effect
according to [43]. This result is similar to previous studies where the average effect size of
studies on the influence of AR use in education is in the range of 0.6 to 0.8 (e.g., [4], [26]). This
study also supports previous studies that state that integrating AR in educational environments
helps improve students' academic achievement in collaborative learning environments and
increases their retention and ability to translate it into other environments [13]-[15]. The
analytical results also prove the superiority of the experimental group in general, not only in
terms of cognitive but also in terms of student motivation (e.g., [46], [47]), cognitive
development [48], student collaboration [49], and their learning experiences [50], [51]. Thus,
these results support previous theoretical assumptions that immersive augmented reality
technology can improve the quality of education [11], [47]. AR can also help students improve
their focus through fun activities and immersive experiences [52], [53]. AR integration also
satisfies students with various interesting content [54].

Furthermore, the analysis of categorical variables, as seen in Table 3, shows that the
Comparison Between Countries is related to the study effect size (P=0.00<0.05). The analysis
results show that AR integration is mostly implemented abroad (85%). Furthermore, the highest
effect size was seen for the studies conducted in Indonesia. However, these results require
further verification because the applied studies still need improvement. These results also
provide useful space and information for educational practitioners to develop AR media that
can be widely applied in Indonesia.

4 Conclusion

This research analyzed 52 independent samples from 17 primary studies and found that
using AR in education moderately affected student learning outcomes. This research also shows
that Comparison Between Countries is proven to be an explanatory variable that influences the
overall effect size of the study. These results are useful for literature, teachers, lecturers, and
stakeholders in studying the advantages of each country.
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