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Abstract

Immersive technologies such as augmented reality and virtual reality have
progressively gained research interest in education. Although they have been
around for a few decades, their integration into classrooms has recently become
feasible due to the decrease in associated costs and the development of high-
quality displays. To determine the effect of immersive technologies on academic
achievement, this study conducted a meta-analysis, following PRISMA statement
guidelines for the article search and using the MAJOR module of the JAMOVI
software for data analysis. The search was performed in the Web of Science,
Scopus, and ERIC databases, covering the period between 2018 and 2023. The
sample consisted of 18 articles that met the established inclusion criteria. The
results show significantly higher learning when immersive technologies are
integrated, as opposed to traditional strategies. Future research should examine
the effect of technologies on attitudes towards learning, emotions, academic
engagement, and 21st century skills.

Resumen

Las tecnologias inmersivas como la realidad aumentada y la realidad virtual tienen
un progresivo interés de investigacion en educacion. Si bien existen desde hace
algunas decadas, recientemente han sido alcanzables para su integracion en las
aulas, por la disminucion del costo asociado y el desarrollo de pantallas de alta
calidad. Para determinar elimpacto de las tecnologias inmersivas en elrendimiento
academico, esta investigacion efectud un metanalisis siguiendo lineamientos de la
declaracion PRISMA para la busqueda de articulos y utilizando el modulo MAJOR
del software JAMOVI para el analisis de datos. La busqueda se realizo en las bases
Web of Science, Scopusy ERIC, considerando el periodo de 2018 a 2023. La muestra
consistio en 18 articulos que cumplieron los criterios de inclusion establecidos.
Los resultados evidencian un aprendizaje significativamente mas alto en la
integracion de tecnologias inmersivas a diferencia de las estrategias tradicionales.
Futuras investigaciones podrian indagar en el impacto de las tecnologias sobre
las actitudes hacia el aprendizaje, las emociones, el compromiso académico y las
habilidades para el siglo XXI.
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Resumo

Ha um interesse cada vez maior em pesquisar as tecnologias imersivas, como a
realidade aumentada e a realidade virtual, no ambito da educacao. Embora existam
ha varias décadas, tornaram-se recentemente acessiveis para sua integragcao nas
salas de aula devido a diminuicao dos custos associados e ao desenvolvimento
de telas de alta qualidade. Para determinar o impacto das tecnologias imersivas
no desempenho académico, esta pesquisa realizou uma meta-analise seguindo
as diretrizes da declaracao PRISMA para encontrar artigos, utilizando o modulo
MAJOR do software JAMOVI para a analise de dados. A busca foi realizada nas
bases de dados Web of Science, Scopus e ERIC, considerando o periodo de 2018 a
2023. Aamostra foi composta por 18 artigos que atenderam aos critérios de inclusao
estabelecidos. Os resultados mostram uma aprendizagem significativamente
maior na integracao de tecnologias imersivas em comparagao com as estratégias
tradicionais. Futuras pesquisas poderiam investigar o impacto das tecnologias nas
atitudes em relacao a aprendizagem, nas emocodes, no envolvimento académico
e nas competéncias do seculo XXI.
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Introduction

The current technological disruption prompts a reevaluation of teaching models
rooted in epistemological traditions. Various authors have addressed the challenge
of adapting education to the technological era through a student-centered focused
on the development of 21st-century skills For example, Siemens (2004) proposes
connectivism, which emphasizes networking, knowledge management, and the
ability to connect and access diverse sources of information. Prensky (2013), for his
part, presents the pedagogy of co-association that suggests how, where and when
teachers should employ technology.

Technologies such as Artificial Intelligence, the metaverse, robots, 3D printing,
augmented reality and virtual reality are transforming how students learn and access
knowledge. The integration of these disruptive technologies into classrooms must
be supported by sound learning theories or approaches to ensure their effectiveness
in achieving educational goals (Lui et al,, 2023; Qiu et al, 2023). In addition to the
previously mentioned connectivism and co-association, there are other pedagogical
approaches that can also underpin the integration of technologies such as experiential
learning (Kolb, 1984), multimedia learning (Mayer, 2005) and mobile learning (Sharples
et al., 2010).

This study focuses on immersive technologies such as augmented reality (AR) and
virtual reality (VR) in primary education. These disruptive technologies are renewing
the way students experience physical and virtual environments, from observation to
immersion. AR visualizes the physical environment overlaid with digital content in real
time and with three-dimensional registration (Cabero-Almenara et al., 2022), while
VR displaces the user to a fully synthetic environment, which can mimic real-world
properties. However, it can also exceed the limits of physical reality by creating a world
in which the laws governing space, time and mechanics are no longer valid (Sandoval-
Henriquez & Badilla-Quintana, 2021).

There is some empirical evidence regarding the application ofimmersive technologies
and characteristics in primary education. For example, Huang et al. (2023) explored
the effect of AR on computational thinking and programming skills. The results
demonstrated the technology's effectiveness when used with game-based learning.
Abdullah et al. (2022) examined the impact of AR on academic achievement, interest,
and science skills. Their findings showed that technology integration grounded
in inquiry-based learning was effective on all three measured variables. Sandoval-
Henriquez and Badilla-Quintana (2022) described experiences of interactivity,
presence, and flow after students interacted with AR and VR. The results confirmed
that the integration of immersive technologies, based on experiential learning, allows
student to experience reciprocal interaction with the resources, a sense of being
present in the virtual world, and high levels of concentration.

Systematic literature reviews highlight the educational advantages of immersive
technologies. Regarding AR, Buchner and Kerres (2023) acknowledge that the
technology can be used to design effective and engaging learning environments.
However, they caution that its effectiveness depends on the educational context, prior
knowledge, and learning objectives. Mystakidis et al. (2022) argue that AR supports
learning in STEM subjects, but emphasize that the integration of technologies must
be supported by a learning theory. Regarding VR, Lui et al. (2023) indicate that the
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technology promotes science learning, although they highlight the importance of
reducing the cognitive load imposed by immersive systems, as well as considering
student characteristics when designing VR-based content. Hamilton et al. (2021), for
their part, state that VR enables the exploration of complex and realistic content, unlike
other traditional strategies such as computers and digital presentations. The authors
also emphasize the importance of using appropriate instruments to measure learning,
since these tools can affect the interpretation of the usefulness of the technology.

Despite being essential for the advancement of educational research, systematic
reviews present a relevant limitation by not including quantitative measurements
that allow for comparative evaluation of the impact of immersive technologies.
Consequently, meta-analyses emerge as a more effective and comprehensive
alternative, as they combine results from multiple independent studies (Fau & Nabzo,
2020).

Among recent meta-analyses in this area, Cao and Yu (2023) studied the effect of
AR on attitudes, motivation, and academic achievement at all educational levels.
The analysis of 28 studies reported that the technology fosters better attitudes
and academic achievement compared to traditional methods. Chang et al. (2022)
examined the impact of AR on learning at all levels of education. The analysis of 134
studies shows a medium effect size, as well as positive responses, with a stronger
impact in language learning and the social sciences. Villena-Taranilla et al. (2022)
explored the effect of VR on academic achievement in K-6 education. According to
21 studies, findings indicate that the technology promotes greater learning compared
to control conditions. Additionally, brief interventions (less than two hours) are more
effective than those of longer duration. Coban et al. (2022) analyzed the impact of VR
on learning in K-12 and higher education. Based on 48 studies, the results show a
small effect size in the experimental condition.

Meta-analyses have predominantly focused on higher education, particularly in fields
such as medicine, nursing, and rehabilitation (Guo et al., 2023; Hsieh et al., 2025; Kim &
Kim, 2023; Liu et al,, 2023; Neheret al,, 2025). At this educational level, students typically
specialize in specific areas of study, and immersive technologies are employed to
practice technical skills within safe and controlled simulation environments. Although
the evidence in this context is encouraging, further research is needed in primary
education settings (Sandoval-Henriquez et al., 2024).

Different levels of education are associated with different stages of cognitive and
psychosocial development. In primary education, which ranges from 6 to 12 years
of age, students are in the stage of concrete operations in cognitive development.
According to Piaget (1974), this stage is characterized by the ability to think logically
about objects and events. Students can perform mental operations, such as
conserving quantity and classifying objects into categories. In terms of psychosocial
development, they are typically in the latency period. According to Erikson (1985), at
this stage, students are eager to learn and demonstrate skills in various areas. It is a
stage in which support and positive recognition can foster confidence, self-esteem,
and autonomy.

The integration of immersive technologies at this level should consider students
characteristics and be used to create playful experiences that foster cognitive
stimulation, curiosity, and creativity (Baba et al, 2022; Demircioglu et al., 2022; Tsai
& Yu-Cheng, 2022). The scarce empirical background in primary education, the
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contradictory findings regarding the effectiveness of these technologies on learning,
and the specific characteristics of this educational level are the motivation behind this
research, which poses the following questions:

RQ1. What methodological characteristics are considered in immersive technology-
based interventions with respect to the sample (nationality and age), treatment
(educational content, duration of exposure to the technology, and learning model),
and measurement instrument (psychometric properties)?

RQ2. WWhat is the effect of interventions based on immersive technologies on learning,
compared to traditional interventions?

The following hypothesis emerges from this second question and the reviewed
background information: interventions based on immersive technologies result in
significantly higher learning outcomes compared to traditional interventions.

Materials and Methods
Identification and Selection of the Study Sample

A meta-analysis was conducted following PRISMA statement guidelines to ensure a
relevant and accurate search of the study topic. The process consisted of three phases:
identification, screening, and inclusion (Page et al., 2021). In addition, recommendations
for the appropriate reporting of meta-analysis results were followed (Rubio-Aparicio
etal., 2018).

Phase 1: Identification

A search was conducted in August 2023 using the Web of Science, Scopus, and ERIC
databases. The keywords and search syntax were adapted from a previous systematic
review on immersive technologies in primary education (Sandoval-Henriquez et al.,
2024). The keywords used were: “virtual reality” OR “augmented reality” AND “primary
school" OR “elementary school" OR “primary education” OR “elementary education”
AND ‘“academic performance” OR “‘academic achievement” OR ‘“educational
performance” OR ‘learning” AND ‘“quasi-experiment” OR “quasiexperimental” OR
‘experiment” OR “experimental’ OR “intervention”.

Filters were applied for year of publication (studies published between 2018 and
2023), language (Spanish and English), and access type (open access studies). After
applying these filters, 42 publications were retrieved from Web of Science, 55 from
Scopus, and 48 from ERIC. Of the 145 articles identified, 48 duplicates were removed.

Phase 2: Screening

A review of the titles and abstracts of the g7 studies identified in the previous phase
was conducted. The aim of this process was to eliminate studies that were not directly
related to the central topic. Subsequently, a full-text reading of the selected articles
was performed, and inclusion and exclusion criteria were applied to determine which
studies met the established requirements.
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The inclusion criteria comprised quantitative studies with an experimental design
that used AR or VR technologies and focused on primary education. Conversely, the
exclusion criteria led to the removal of studies with qualitative or non-experimental
designs, those employing technologies other than augmented or virtual reality, and
those focusing on educational levels other than primary education. Additionally,
studies that did not report statistics required for meta-analysis, such as mean and
standard deviation, were excluded.

After the full-text review and application of the inclusion and exclusion criteria, a total
of 79 studies were excluded.

Phase 3: Inclusion

Two investigators independently assessed the previous phases without discrepancies.
The bias assessment also involved a third investigator, who used the PRISMA digital
checklist (Page et al.,, 2021) to assess the information incorporated in the manuscript
sections. The management of bibliographic references and the elimination of
duplicates were carried out using EndNote 21 software. Figure 1 shows the flow
diagram with the phases followed.

Figure 1

Flow diagram of the article selection process
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Extraction of Information from the Studies

To extract information from the 18 articles, a protocol was established that included
the following elements: ID, citation, study objective, country, age, educational level,
sample size, educational content, duration of exposure to technology, learning model,
instrument to measure learning, and descriptive statistics. The principal investigator
performed the initial extraction of information, collecting the relevant data from each
article according to the established protocol. The rest of the team then reviewed and
verified the extraction to ensure the consistency and accuracy of the data. Table 1
presents the extraction matrix with the information associated with each study. The

results from this table will be presented to answer RQ1.

Table 1

Extraction matrix: general characteristics

ID Citation Study Country | Educational | Sample | Educational Time of Learning Instrument
objective level / age size content exposure Model
1 Acar and Effect of VR Turkey 7th grade, 12 26 Reading and 3 weeks, Experiential | Content test
Cavas (2020) | on academic years old Writing 15 minutes learning
achievement <h
in English (English)
reading and
writing
2 Aldossari Effect of AR Saudi 6th grade, 12 72 Reading and 4 weeks, 2 No report Content test
and on language Arabia years old vocabulary hours per
Alsuhaibani learning (English) week
(2021)
3 Algarni Impact of AR Saudi 6th grade 24 Cells 4 weeks No report Content test
(2021) on science Arabia (sciences)
learning
4 Baba et al. Effect of AR Turkey 6th grade 22 Solar system 3 weeks Collaborative | Content test
(2022) on science and eclipses learning
learning (sciences)
5 Binhomran Utility of AR Saudi 6th grade, 11 73 Vocabulary 3 weeks Mobile Content test
and Altalhab | invocabulary Arabia and 12 years (English) Assisted
(2021) learning old Language
Learning
6 Chen et al. Effect of AR on Taiwan 5th and 6th 80 Solar system 1 session, Creative Content test
(2022) astronomical grade (sciences) 65 minutes situated
knowledge learning
7 Coskun and Effect of AR Turkey 7th grade 56 Solar system 5 weeks Mobile Content test
Kog (2021) on academic (sciences) learning
achievement
8 | Demircioglu Effect of AR Turkey 7th grade, 12 79 Solar system 3 weeks, No report Content test
et al (2022) on astronomy and 13 years (sciences) 19 hours
content old
9 Hashim et Effect of an Malaysia 10 and 14 38 Vocabulary 5 sessions, Experiential Content test
al. (2022) AR system on years (English) 60 learning
learning minutes
10 | Hsieh (2021) Effect of AR Taiwan 4th grade 22 Oysters 5 sessions, | SMAR Model | Content test
on marine (sciences) 60
education minutes
11 Liuetal Effect of VR China 6th grade, 11 Q0 Animalworld | 6 sessions, No report Content test
(2020) in science years old (sciences) 45 minutes
classrooms
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12 | Petersenet Effect of VR Denmark | 7thand 8th 102 Climate 1 session, Inquiry- Content test
al. (2020) on science grade change based
content (sciences) minutes learning
13 Tsai (2020) Effect of AR Taiwan 5th grade, 11 42 Vocabulary 4 weeks, Mobile Content test
on language and 12 years (English) 30 minutes learning
learning old per week
14 Tsaietal. Effect of Taiwan 6th grade, 11 81 Airand 1 session, No report Content test
(2021) a virtual years old combustion
laboratory (sciences) minutes
on academic
achievement
15 | Tsaiand Lai | Effect of AR on Taiwan 6th grade 42 Programming | 1 session, No report Content test
(2022) programming 50 minutes
learning
16 Yildirim Effect of AR Turkey 7th grade 63 Cells 4 weeks No report Content test
(2020) on science (sciences)
learning
17 Yildirim Effect of AR- Turkey 6th grade 61 Human body 6 weeks No report Content test
(2021) based science systems
education (sciences)
18 Yildirim Effect of AR Turkey 6th grade 50 Solar system 7 weeks No report Content test
and Seckin on academic (sciences)
(2021) achievement

Table 2 presents the descriptive statistics (mean, standard deviation, and number of
cases) associated with each study. The results from this table will be presented to
answer RQ2.

Table 2

Extraction matrix: descriptive statistics

Posttest experimental group Posttest control group
ID Citation M SD n M SD N
1 Acar and Cavas (2020) 67.07 2174 15 29.27 1312 11
2 Aldossari and Alsuhaibani (2021) 1756 1.90 36 1231 416 36
3 Algarni (2021) 3.63 0.48 12 287 0.38 12
4 Baba et al. (2022) 20.64 3.67 11 16.64 4.01 11
5 Binhomran and Altalhab (2021) 5.00 218 38 4.86 227 35
6 Chen et al. (2022) 9155 12.67 40 82.00 2215 40
7 Coskun and Kog (2021) 0324 0.62 29 59.26 1031 27
8 Demircioglu et al. (2022) 25.96 251 26 22.07 367 26
9 Hashim et al. (2022) 8579 13.87 19 88.95 9.37 19
10 | Hsieh (2021) 69.55 1753 1 6318 13.09 1
11 Liu et al. (2020) 0.70 0.22 47 056 022 43
12 Petersen et al. (2020) 16.54 4.6 50 16.64 4.06 50
13 Tsai (2020) 761 12.05 22 41.8 11.05 20
14 Tsai et al. (2021) 86.58 0.90 41 83.00 11.36 40
15 Tsai and Lai (2022) 01.68 154 22 8575 248 20
16 Yildirim (2020) 7741 2171 31 64.21 27.06 32
17 Yildirim (2021) 78.53 22.82 30 65.32 26.07 31
18 Yildirim and Secgkin (2021) 22.69 2.61 26 20.08 2.81 24
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Data Analysis

The analysis was performed using the standardized mean difference as the outcome
measure, which allows for the comparison of effects across studies using different
outcome scales. A random-effects model was fitted to the data, assuming that the
true effects vary between studies due to differences in context, intervention design, or
population characteristics (Rubio-Aparicio et al., 2018).

Heterogeneity (ie., tau®) was obtained using the restricted maximum likelihood
estimator (Viechtbauer, 2005). In addition to the estimation of tau® the Q-test for
heterogeneity and the 2 statistic were calculated. If some degree of heterogeneity
is detected (ie., tau® > 0, regardless of the Q-test results), a prediction interval for the
true effect is also provided. Studentized residuals and Cook's distances are used to
examine whether the studies may be outliers and/or influential in the context of the
model.

Publication bias was assessed using the Fail-Safe N, which estimates the number of
unpublished or missing studies with null or non-significant results were included; the
overall results of the meta-analysis would still be statistically significant or consistent.

In addition, bias was assessed with Egger's Regression, which examines the association
between effect sizes and their precision. A non-significant p-value (e.g., p > 0.05)
indicates no evidence of publication bias. However, a significant p value (e.g., p < 0.05)
suggests the presence of publication bias but may also mean that the sample size
is too small, or that there is substantial heterogeneity among the included studies
(Egger et al., 1997).

Data analysis was performed using the MAJOR module of JAMOVI software version
2.3.13.0.

Results

The results are presented according to the research questions.

General Characteristics of the Studies (RO1)

The studies come from Turkey (39%; n = 7), Taiwan (28%; n = 5), Saudi Arabia (17%; n
= 3), Malaysia (6%; n = 1), China (6%; n = 1), and Denmark (6%; n = 1). The educational
levels with the highest prevalence are 6th grade (50%; n = Q) and 7th grade (28%; n = 5).
Sample sizes range from 22 to 102 participants, distributed across control (absence of
technologies) and experimental (presence of immersive technologies) groups.

The interventions address educational content in science (67%; n = 12), English (28%;
n = 5), and programming (6%, n = 1). The reported learning models include mobile
learning (17%; n = 3), experiential learning (11%; n = 2), inquiry-based learning (6%; n =
1), the SMAR model (6%; n = 1), creative situated learning (6%; n = 1), and collaborative
learning (6%; n = 1). Fifty percent of the studies do not report a specific learning theory
guiding the integration of immersive technologies.
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Exposure time is reported in two main formats: by number of weeks (61%; n = 11),
ranging from 3 to 7 weeks, or by number of sessions (39%; n = 7), ranging from 1 to 6
sessions.

Regarding the instruments, the studies generally employ ad hoc content tests to
measure academic achievement, mostly based on multiple-choice items (94%; n = 17).
Only one study reports using a test previously developed by other authors.

Effectiveness of the Integration of Immersive Technologies (RQ2)

Table 3 presentstheresults of the heterogeneity test, showing significant heterogeneity
among the 18 studies (Q(17)-128.745, p<0.0001), considerable variability among
the effects of the individual studies (tau?-0.7406) and observed variability (1°=89%),
suggesting that the studies originate from different populations.

Table 3

Heterogeneity statistics

Tau Tau? 12 H? df Q P
0.861 0.7406 (SE= 0.2914 ) 89.78% 9.782 17.000 128.745 <.001

Table 4 presents the results of the publication bias; the Fail-Safe N indicates that at
least 1,043 unfound or unpublished studies with null results would be necessary for
the results of the current meta-analysis to be insignificant. For its part, the Egger's
Regression test indicates that there is significant statistical evidence of asymmetry
in the data. This suggests the possible presence of a publication bias, where studies
with significant results are more likely to be published than those with non-significant
results.

Table 4
Publication bias assessment
Test name Value P
Fail-Safe N 1043.000 <.001
Egger's Regression 3.490 <.001

Note. Fail-safe N calculation using the Rosenthal approach.

An examination of the studentized residuals revealed that none of the studies had a
value greater than +2.9913, indicating no outliers in the context of this model. According
to Cook's distances, none of the studies could be considered overly influential. Figure
2 presents the funnel plot.
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Figure 2
Funnel Plot
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Both the rank correlation test and the regression test indicate possible skewness (p
=.0022 and p = .0005, respectively), suggesting the presence of publication bias. This
asymmetry may reflect a tendency to publish studies with significant or positive results,
while non-significant or negative findings remain unpublished or are less accessible.

Table 5 presents the results of the random-effects model for the 18 studies. The
analysis estimates a large effect size of 1.02 (Sawilowsky, 2009). However, due to
variability across studies, the true population effect may range from 0.591 to 1.443,
with a 95% confidence interval.

Table 5
Random-Effects Model (k = 18)
Estimate se z p Cl Lower Bound | Cl Upper Bound
Intercept 1.02 0.218 4.68 <.001 0.501 1443

Note. Tau? Estimator: Restricted Maximum-Likelihood.

Figure 3 displays the forest plot, which includes 18 effect sizes, each represented by
an asterisk in the central column, with horizontal lines indicating their corresponding
905% confidence intervals.
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Figure 3

Forest Plot
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The dashed vertical line denotes the line of no effect, while the diamond at the bottom
represents the overall pooled effect size. The position of the diamond to the right of
the vertical line indicates that the experimental group achieved significantly better
learning outcomes compared to the control group.

Discussion

General Characteristics of the Studies (RQ1)

According to previous findings and systematic reviews (Altinpulluk, 2019; Garzon et
al, 2019; Qiu et al., 2023), there is greater scientific production on the use of immersive
technologies in Asia. This corroborates that certain countries in that region are
showing increasing interest and investment in integrating technologies to enhance
the learning experience in primary education.

Regarding the age of the participants, the studies were conducted with students
aged 11 and 12, corresponding to sixth and seventh grades. At this stage of cognitive
and psychosocial development, students are undergoing changes in how they
think, process information, and understand the world, as well as in how they interact
socially (Erikson, 1985; Piaget, 1974). The visualization features of AR and VR can have
a significant impact on students' learning and development at this age, due to several
factors identified in the literature: the exploration of concepts and scenarios in an
interactive way; increased engagement in learning, as they are at an age when interest
may fluctuate due to personal and contextual factors; development of cognitive and
social skills; and sensory stimulation that supports different learning styles (Akcayir &
Akcayir, 2017; Hamilton et al., 2021; Villena-Taranilla et al., 2022).

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



Concerning the educationalinterventions, the studies mainly address science-related
content. This finding is consistent with other reviews that highlight the widespread
use of immersive technologies for learning about cells, human body systems, the
planetary system, flora, and fauna (Garzon et al,, 2019; Pellas et al., 2021; Mystakidis et
al, 2022; Oyelere et al., 2020). As for the time of exposure to the technology, it varies in
how it is reported (e.g., weeks, sessions, hours), which constitutes a limitation. The lack
of consistency in reporting exposure time makes it difficult to replicate interventions
or draw generalizable conclusions. For example, the study by Hashim et al. (2022),
which reports improvements in learning after several weeks of exposure, may not be
comparable to the study by Tsai and Yu-Cheng (2022), which only reports minutes of
use in a single session.

The studies apply different learning theories to the design of technology-based
interventions, with mobile learning and experiential learning being the most common.
However, the lack of an explicit theoretical framework in 50% of the studies analyzed
is a recurring limitation in educational research (Buchner & Kerres, 2023; Mystakidis et
al, 2022; Qiu et al., 2023). Learning theories provide the conceptual basis for selecting
and designing pedagogical strategies aligned with educational goals and student
needs. When theories are not referenced, it becomes difficult to understand the
rationale behind the integration of AR and VR in the classroom (Sandoval-Henriquez
& Badilla-Quintana, 2021).

Regarding assessment, the studies employed content tests to measure academic
achievement. None of the reviewed studies used indirect measures such as perceived
learning. This aligns with the findings of previous reviews (Hamilton et al., 2021).
The inclusion of indirect measures alongside traditional assessments could offer a
broader understanding of the motivational, emotional, and engagement-related
dimensions associated with immersive technologies and their effect on learning.
Pedagogical models such as co-association also promote the use of alternative forms
of assessment, such as self-assessment and peer assessment, which help students
become aware of their own progress and develop self-regulation skills (Prensky, 2013).

Effectiveness of the Integration of Inmersive Technologies (RQ2)

Individual studies report that the integration of immersive technologies has a positive
impact on academic achievement compared to control conditions. In this regard,
learning gains are a commonly reported educational benefit in previous systematic
reviews (Buchner & Kerres, 2023; Garzon et al, 2019; Mystakidis et al, 2022). The
results of the meta-analysis indicate an effect size of 1.02, which is considered
large (Sawilowsky, 2009). However, due to variability across the 18 studies, the true
population effect may range from 0.59 to 1.44 with a 95% confidence interval—ie., a
moderate to large effect.

These findings are consistent with those of other meta-analyses. Villena-Taranilla et al.
(2022) reported a moderate effect size (g = 0.64), noting that shorter interventions (less
than two hours) were associated with greater learning effects. Similarly, Chang et al.
(2022) found a moderate effect size (g = 0.65) for the impact of immersive technologies
on academic achievement. Garzon et al. (2019) also reported a moderate effect size (g
= 0.65), with higher effectiveness observed in science, arts, and humanities. In contrast,
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Cao and Yu (2023) reported a significant difference between experimental and control
groups, with the former achieving a large effect size (g = 0.85).

However, some meta-analyses have found more modest or inconsistent results.
For example, Coban et al. (2022) reported a small effect size (g = 0.38) for the impact
of VR on learning outcomes. Interestingly, their study also found that immersive
technologies had a significantly larger effect in elementary education compared to
higher education. These contrasting results underscore the need for further research
that considers factors such as educational level, intervention duration, subject area,
and the degree of immersion (fully immersive, semi-immersive, or non-immersive) to
better understand the impact of these technologies on learning.

Conclusion

This research allows us to draw several conclusions and recommendations.

First, the hypothesis that the integration ofimmersive technologies leads to significantly
higher learning outcomes compared to traditional strategies is supported. However, it
is important to acknowledge that the effect of AR and VR may depend on additional
factors, such as the quality of educational content, instructional design, and teacher
training.

Second, several studies did not explicitly report the theoretical underpinnings of
their interventions. It is essential for researchers to ground their work in established
learning theories to ensure methodological soundness and promote the continuous
improvement of educational practices. In this review, only a few theories were
mentioned—such as experiential learning (Kolb, 1984), multimedia learning (Mayer,
2005), mobile learning (Sharples et al, 2010), and the pedagogy of co-association
(Prensky, 2013). Future studies should aim to compare the effectiveness of a given
learning theory when applied in both control and experimental groups. This would
enable a more nuanced understanding of how the presence or absence of technology
interacts with specific pedagogical frameworks in primary education.

Third, some studies showed inconsistencies in how exposure time to immersive
technologies was reported. Future research should establish clearer guidelines and
standards for the consistent reporting of exposure time and other key variables in
experimental studies. Providing detailed information about study design enhances
transparency, improves the comparability of findings, and contributes to a more robust
understanding of how technology affects learning across educational contexts.

Finally, this meta-analysis has several limitations that should be taken into account.
Due to the variability in how intervention duration was reported, it was not possible
to compare whether longer or shorter exposure times had differential effects on
academic achievement. Another limitation concerns publication bias: studies with
positive results are more likely to be published than those with non-significant or
negative findings. This may lead to an overestimation of the impact of immersive
technologies on learning and should be carefully considered when interpreting the
overall conclusions of this meta-analysis.

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



Notes:

Final approval of the article:

Veronica Zorrilla de San Martin, PhD, Editor in Charge of the journal.

Authorship contribution:

Francisco Javier Sandoval-Henriquez: conceptualization, research design, data collection, processing and
analysis of information, preparation and correction of the document.

Fabiola Saez-Delgado: data collection, processing and analysis of information, preparation and correction
of the document.

Maria Graciela Badilla-Quintana: data collection, processing and analysis of information, preparation and

correction of the document.

Availability of data:
The dataset supporting the results of this study is available upon request from a correspondence

researcher.

Funding:
This study was supported by the Agencia Nacional de Investigacion y Desarrollo de Chile (ANID),
Programa Beca Doctorado Nacional, [grant number: 21230310]; and the Fondo Nacional de Desarrollo

Cientifico y Tecnologico (Fondecyt Regular), [grant number: 12311361.

References

ABDULLAH, N., BASKARAN, V. L, MUSTAFA, Z, ALI, S. R, & ZAINI, S. H. (2022).
Augmented reality: the effect in students' achievement, satisfaction, and interest
in science education. International Journal of Learning, Teaching and Educational
Research, 21(5), 326-350. https://doi.org/10.26803/ijlter21.5.17

ACAR, A, & CAVAS, B.(2020). The effect of virtual reality enhanced learning environment
on the 7th-grade students' reading and writing skills in english. Mojes: Malaysian
Online Journal of Educational Sciences, 8(4), 22-33.

AKCAYIR, M, & AKCAYIR, G. (2017). Advantages and challenges associated with
augmented reality foreducation: Asystematic review of the literature. Educational
Research Review, 20, 1-11. https://doi.org/10.1016/j.edurev.2016.11.002

ALDOSSARI, S., & ALSUHAIBANI, Z. (2021). Using augmented reality in language
classrooms: the case of EFL elementary students. Advances in Language and
Literary Studies, 12(6), 1-8.

ALQARNI, T. (2021). Comparison of augmented reality and conventional teaching on
special needs students' attitudes towards science and their learning outcomes.
Journal of Baltic Science Education, 20(4), 558-572.

ALTINPULLUK, H. (2019). Determining the trends of using augmented reality in
education between 2006-2016. Education and Information Technologies, 24,
1089-1114. https://doi.org/10.1007/510639-018-9806-3

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/ijcer1040095

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



BINHOMRAN, K., & ALTALHAB, S. (2021). The impact of implementing augmented
reality to enhance the vocabulary of young EFL learners. JALT CALL Journal,
17(1), 23-44. https://doi.org/10.29140/jaltcallvi7n1.304

BUCHNER, J., & KERRES, M. (2023) Media comparison studies dominate comparative
research on augmented reality in education. Computers & Education, 195, 104711.
https.//doi.org/10.1016/j.compedu.2022.104711

CABERO-ALMENARA, J., VALENCIA-ORTIZ, R, & LLORENTE-CEJUDO, C. (2022).
Ecosistema de tecnologias emergentes: realidad aumentada, virtual y mixta.
Tecnologia, Cienciay Educacion, (23), 7-22. https://doi.org/10.51302/tce.2022.1148

CAO, W, & YU, Z (2023). The impact of augmented reality on student attitudes,
motivation, and learning achievements—a meta-analysis (2016-2023).
Humanities and Social Sciences Communications, 10, 352 https.//doi.org/10.1057/
$41599-023-01852-2

CHANG, H.Y,, BINALI, T, LIANG, J. C., CHIOU, G. L., CHENG, K. H., LEE, S.W. Y., & TSAI,
C. C. (2022). Ten years of augmented reality in education: A meta-analysis of
(quasi-) experimental studies to investigate the impact. Computers & Education,
191, 104641. https://doi.org/10.1016/j.compedu.2022.104641

CHEN, C. C, CHEN, H. R, & WANG, T. Y. (2022). Creative situated augmented reality
learning for astronomy curricula. Educational Technology & Society, 25(2), 148-
162.

COBAN, M., BOLAT, Y. I, & GOKSU, I. (2022). The potential of immersive virtual reality
to enhance learning: A meta-analysis. Educational Research Review, 36, 100452.
https.//doi.org/10.1016/j.edurev.2022.100452

COSKUN, M., & KOG, Y. (2021). The effect of augmented reality and mobile application
supported instruction related to different variables in 7th grade science lesson.
Psycho-Educational Research Reviews, 10(2), 298-313. https://doi.org/10.52963/
PERR_Biruni_V10.N2.21

DEMIRCIOGLU, T, KARAKUS, M, & UCAR, S. (2022). The impact of augmented
reality-based argumentation activities on middle school students' academic
achievement and motivation in science classes. Education Quarterly Reviews,
5(2), 22-34. https://doi.org/10.31014/ai0r1993.05.02.464

EGGER, M., DAVEY SMITH, G., SCHNEIDER, M., & MINDER, C. (1997). Bias in meta-
analysis detected by a simple, graphical test. BMJ, 315(7109), 629-634. https.//
doi.org/10.1136/bmj.315.7109.629

ERIKSON, E. H. (1985). El Ciclo vital completado. Paidos.

FAU, C., & NABZO, S. (2020). Metaanalisis: bases conceptuales, analisis e interpretacion
estadistica. Revista Mexicana de Oftalmologia, 94(6), 260-273.

GARZON, J., PAVON, J., & BALDIRIS, S. (2019). Systematic review and meta-analysis of
augmented reality in educational settings. Virtual Reality, 23, 447-459. https.//
doi.org/10.1007/510055-019-00379-9

GUO, Q,, ZHANG, L., GUI, C,, CHEN, G., CHEN, Y., TAN, H., SU, W., ZHANG, R., & GAO, Q.
(2023). Virtual reality intervention for patients with neck pain: systematic review
and meta-analysis of randomized controlled trials. Journal of Medical Internet
Research, 25, €38256. https.//doi.org/10.2196/38256

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



HAMILTON, D., MCKECHNIE, J., EDGERTON, E., & WILSON, C. (2021). Immersive virtual
reality as a pedagogical tool in education: a systematic literature review of
quantitative learning outcomes and experimental design. Journal of Computers
in Education, 8(1), 1-32. https://doi.org/10.1007/540692-020-00169-2

HASHIM, N. C., ABD MAJID, N. A, ARSHAD, H., HASHIM, H., & ALYASSERI, Z. A A. (2022).
Mobile augmented reality based on multimodal inputs for experiential learning.
IEEE Access, 10, 78953-78969. https://doi.org/10.1109/ACCESS.2022.3103498

HSIEH, M. C. (2021). Development and application of an augmented reality oyster
learning system for primary marine education. Electronics, 10(22), 2818. https.//
doi.org/10.3390/¢electronics10222818

HSIEH, J. Y, LIN, P.C, SUN, W.N.,LIN, T. R, KUQO, C.C., & HSU, H. T. (2025). Effectiveness
of immersive virtual reality in nursing education for nursing students and
nursing staffs: A systematic review and meta-analysis. Nurse Education Today,
151, 106725, https://doi.org/10.1016/j.nedt. 2025106725

HUANG, S. Y, TARNG, W, & OU, K. L. (2023). Effectiveness of ar board game on
computational thinking and programming skills for elementary school students.
Systems, 11(1), 25. https://doi.org/10.3390/systems11010025

KIM, H. Y., & KIM, E. Y. (2023). Effects of medical education program using virtual reality:
a systematic review and meta-analysis. International Journal of Environmental
Research and Public Health, 20(5), 3895. https://doi.org/10.3390/ijerph20053895

KOLB, D.A. (1984). Experiential learning: experience as the source of learning and
development. Prentice Hall.

LIU, J.Y. W, YIN, Y. H, KOR, P. P. K, CHEUNG, D. S. K, ZHAO, I. Y., WANG, S., SU, J.
J., CHRISTENSEN, M., TYROVOLAS, S., & LEUNG, A. Y. M. (2023). The effects of
immersive virtual reality applications on enhancing the learning outcomes of
undergraduate health care students: systematic review with meta-synthesis.
Journal of Medical Internet Research, 25, €39989. https://doi.org/10.2196/39989

LIU, R, WANG, L., LEI, J, WANG, Q. & REN, V. (2020). Effects of an immersive virtual
reality-based classroom on students' learning performance in science
lessons. British Journal of Educational Technology, 51(6), 2034-2049. https://doi.
0org/10.1111/bjet.13028

LUI, A. L. C, NOT, C., & WONG, G. K. W. (2023). Theory-based learning design with
immersive virtual reality in science education: a systematic review. Journal
of Science Education and Technology, 32, 390-432. https://doi.org/10.1007/
$10956-023-10035-2

MAYER, R. E. (2005). The cambridge handbook of multimedia learning. Cambridge
University Press.

MYSTAKIDIS, S., CHRISTOPOULOS, A, & PELLAS, N. (2022). A systematic mapping
review of augmented reality applications to support STEM learning in higher
education. Education and Information Technologies, 27, 1883-1927. https://doi.
0rg/10.1007/510639-021-10682-1

NEHER, A. N. BUHLMANN, F, MULLER, M. BERENDONK, C. SAUTER, T, &
BIRRENBACH, T. (2025). Virtual reality for assessment in undergraduate nursing
and medical education - a systematic review. BMC Medical Education, 25, 292.
https.//doi.org/10.1186/512909-025-06867-8

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



OYELERE, S.S.,, BOUALI, N., KALIISA, R., OBAIDO, G., YUNUSA, A., & JIMOH, E. (2020).
Exploring the trends of educational virtual reality games: a systematic review of
empirical studies. Smart Learning Environments, 7, 31. https.//doi.org/10.1186/
S40561-020-00142-7

PAGE, M., MCKENZIE, J., BOSSUYT, P, BOUTRON, I, HOFFMANN, T., MULROW, C,,
& MOHER, D. (2021). The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. Journal of Clinical Epidemiology, 134, 178-189.
https.//doi-org.dti.sibucsc.cl/10.1016/j jclinepi.2021.03.001

PELLAS, N., MYSTAKIDIS, S., & KAZANIDIS, I. (2021). Immersive virtual reality in k-12
and higher education: a systematic review of the last decade scientific literature.
Virtual Reality, 25, 835-861. https.//doi.org/10.1007/510055-020-00489-9

PETERSEN, G. B, KLINGENBERG, S., MAYER, R. E., & MAKRANSKY, G. (2020). The virtual
field trip: Investigating how to optimize immersive virtual learning in climate
change education. British Journal of Educational Technology, 51(6), 2099-2115.
https.//doi.org/10.1111/bjet.12991

PIAGET, J. (1974). Seis estudios de psicologia. Barral.

PRENSKY, M. (2009). Homo sapiens digital: de los inmigrantes y nativos digitales a la
sabiduria digital. Aula Intercultural.

PRENSKY, M. (2013). Enseriar a nativos digitales. SM Ediciones.

QIU, X, SHAN, C., YAO, J., & FU, Q. (2023). The effects of virtual reality on EFL learning:
A meta-analysis. Education and Information Technologies, 29, 1379-1405. https.//
doi.org/10.1007/510639-023-11738-0

RUBIO-APARICIO, M., SANCHEZ-MECA, J., MARIN-MARTINEZ, F., & LOPEZ-LOPEZ, J.
A.(2018). Guidelines for reporting systematic reviews and meta-analyses. Annals
of Psychology, 34(2), 412-420. http.//dx.doi.org/10.6018/analesps.34.2.320131

SANDOVAL-HENRIQUEZ, F. J, & BADILLA-QUINTANA, M. G. (2021). Measuring
stimulation and cognitive reactions in middle schoolers after using immersive
technology: Design and validation of the TINMER questionnaire. Computers &
Education, 166, 104157. https://doi.org/10.1016/j.compedu.2021.104157

SANDOVAL-HENRIQUEZ, F. J., & BADILLA-QUINTANA, M. G. (2022). How elementary
students experience the use of immersive technology. International Journal of
Learning Technology, 17(2). https://doi.org/10.1504/1JLT.2022.10049983

SANDOVAL-HENRIQUEZ, F. J., SAEZ-DELGADO, F. & BADILLA-QUINTANA, M. G.
(2024). Systematic review on the integration of immersive technologies to
improve learning in primary education. Journal of Computers in Education, 12,
477-502. https://doi.org/10.1007/540692-024-00318-X

SAWILOWSKY. S. S. (2009). New effect size rules of thumb. Journal of Modern Applied
Statistical Methods, 8(2), 597-599. https://doi.org/10.22237/jmasm/1257035100

SHARPLES, M., TAYLOR, J,, & VAVOULA, G. (2010). A theory of learning for the mobile age:
Learning through conversation and exploration across contexts. In R. Andrews &
C. Haythornthwaite (Eds.), Handbook of Elearning Research (pp. 221-247). Sage
Publications.

TSAI C. C. (2020). The effects of augmented reality to motivation and performance in
EFL vocabulary learning. International Journal of Instruction, 13(4), 987-1000.

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



TSAIL C. Y., & LAI Y. C. (2022). Design and validation of an augmented reality teaching
system for primary logic programming education. Sensors, 22(1), 389. https.//
doi.org/10.3390/522010389

TSAL C. Y, HO, Y. C, & NISAR, H. (2021). Design and validation of a virtual chemical
laboratory-An example of natural science in elementary education. Applied
Sciences, 11(21), 10070. https://doi.org/10.3390/app112110070

VIECHTBAUER, W. (2005). Bias and efficiency of meta-analytic variance estimators
in the random-effects model. Journal of Educational and Behavioral Statistics,
30(3), 261-293. https://doi.org/10.3102/10769986030003261

VILLENA-TARANILLA, R., TIRADO-OLIVARES, S., COZAR-GUTIERREZ, R. &
GONZALEZ-CALERO, J. A. (2022). Effects of virtual reality on learning outcomes
in K-6 education: A meta-analysis. Educational Research Review, 35, 100434.
https.//doi.org/10.1016/j.edurev.2022.100434

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, 6(4), 259-267. https://doi.org/10.21891/jeseh 751023

YILDIRIM, F. S. (2021). Effectiveness of augmented reality implementation methods in
teaching Science to middle school students. International Journal of Curriculum
and Instruction, 13(2), 1024-1038.

YILDIRIM, I, & SECKIN, M. K. (2021). The effect of augmented reality applications in
science education on academic achievement and retention of 6th grade
students. Journal of Education in Science Environment and Health, 7(1), 56-71.
https.//doi.org/10.21891/jeseh.744351

Cuadernos de Investigacion Educativa | Vol.16 No. 2 | 2025 | DOI: https://doi.org/10.18861/cied.2025.16.2



