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ABSTRACT

Augmented reality is a valuable technology that integrates virtual elements with the real environment to create immersive and engaging learning
experiences. Despite extensive literature on augmented reality in education, significant gaps remain regarding its specific impact on students’
motivation and academic performance in Natural Sciences at the Primary Education level, and there is a lack of systematized pedagogical
models guiding its implementation. This study addresses these gaps by analyzing the effect of augmented reality on motivation and academic
outcomes and proposing a replicable pedagogical framework to guide its integration into teaching and learning processes. Furthermore, this
work makes an interdisciplinary contribution, bridging educational practice and scientific understanding by simultaneously addressing variables
related to motivation, didactics, and emerging technologies. For this purpose, a systematic review and meta-analytic methodology was employed,
following PRISMA guidelines. The databases consulted were the Education Resources Information Center, Scopus, and Web of Science,
from which a total of 57 documents were retrieved. After rigorously applying the established eligibility criteria, 4 studies were included in the
systematic review and meta-analysis to ensure the validity and relevance of the findings. The meta-analytic results revealed an effect across
the subgroups in favor of the experimental groups (Z = 4.64; p < .00001) and showed moderate heterogeneity across interventions (/2 = 0%).
The findings highlight the potential of augmented reality to enhance students” motivation and engagement, improve academic performance,
and provide practical guidance for teachers on effectively implementing augmented reality-based strategies. In conclusion, this study not only
provides consolidated evidence on the benefits of augmented reality in Natural Sciences but also offers a structured pedagogical framework
that can optimize teaching and learning, representing a novel contribution to educational practice and research.

RESUMEN

La realidad aumentada es una tecnologia valiosa que integra elementos virtuales con el entorno real para crear experiencias de aprendizaje
inmersivas y atractivas. A pesar de la extensa literatura sobre realidad aumentada en educacidn, existen lagunas significativas respecto
a su impacto especifico en la motivacién y el rendimiento académico de los estudiantes en Ciencias Naturales a nivel de educacién
primaria, y falta de modelos pedagdgicos sistematizados que guien su implementacién. Este estudio aborda estas lagunas analizando el
efecto de la realidad aumentada sobre la motivacién y los resultados académicos, y propone un marco pedagdgico replicable para guiar
su integracién en los procesos de ensefianza y aprendizaje. Ademas, este trabajo realiza una contribucién interdisciplinaria, vinculando la
préctica educativa con la comprensidn cientifica al abordar simultineamente variables relacionadas con la motivacién, la didactica y las
tecnologias emergentes. Para ello, se empleé una metodologia de revisién sistematica y metaanélisis, siguiendo las directrices PRISMA.
Las bases de datos consultadas fueron Education Resources Information Center, Scopus y Web of Science, de las cuales se recuperaron
un total de 57 documentos. Tras aplicar rigurosamente los criterios de elegibilidad establecidos, se incluyeron 4 estudios en la revisién
sistematica y el metaandlisis para garantizar la validez y relevancia de los hallazgos. Los resultados del metaanalisis mostraron un efecto
a favor de los grupos experimentales (Z = 4,64; p < .00001) y una heterogeneidad moderada entre las intervenciones (/2 = 0%). Los
hallazgos destacan el potencial de la realidad aumentada para mejorar la motivacién y el compromiso de los estudiantes, incrementar el
rendimiento académico y proporcionar orientacidn practica a los docentes sobre la implementacién efectiva de estrategias basadas en
realidad aumentada. En conclusién, este estudio no solo proporciona evidencia consolidada sobre los beneficios de la realidad aumentada
en Ciencias Naturales, sino que también ofrece un marco pedagégico estructurado que puede optimizar la ensefianza y el aprendizaje,
representando una contribucién novedosa a la practica educativa y a la investigacidn.
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1. Introduction
1.1. Historical Background

Currently, the social and educational spheres are undergoing profound transformations (Ho et al., 2023).
Information and communication technologies (ICT) have redefined educational processes, promoting more
active, innovative, and student-centered learning environments (Garzén & Inga, 2023). These tools facilitate
interaction and collaboration between teachers and students, enabling more dynamic methodologies tailored
to individual needs (Shakirova et al., 2024), while education is conceived as a space where creativity and
participation are essential for the holistic development of the student (Sdez-Lépez et al., 2020). In this
context, educational institutions must update their pedagogical approaches, moving toward models that
foster competency-based learning and active participation in society (Pavlou & Castro-Varela, 2024). This
entails strengthening students’ digital skills and leveraging ICT to energize the teaching-learning process
(Erbas & Demirer, 2019). Furthermore, the modernization of educational resources makes content more
accessible and engaging, stimulating curiosity and interest in learning (Lampropoulos & Kinshuk, 2024;
Moreno-Guerrero et al., 2020).

In our contemporary digital era, the deep integration of the Internet, mobile devices, and innovative
educational technologies has revolutionized the landscape of digital education. This transformation has
opened a world of possibilities, enriched by the versatility and accessibility of digital learning, which
transcends temporal and spatial boundaries (Chen et al., 2025). In this context, augmented reality (AR)
has established itself as an educational tool capable of creating immersive learning experiences through
mobile devices (Buchner & Kerres, 2021). It promotes meaningful, contextualized, and interactive learning
(Simén-Sanchez & Ferndndez-Sanchez, 2023). Although its development began in the 1990s, its use has
grown recently due to reduced costs and increased technological accessibility (Osborne & Mavers, 2019).
AR combines virtual elements with the physical environment, enhancing the user’s visual perception
through real-time graphics (Sahin & Yilmaz, 2020), which in education can increase student engagement
and improve academic performance. It is crucial to differentiate AR from virtual reality (VR): AR overlays
digital content onto the real world, whereas VR creates fully virtual environments that are difficult to
replicate physically (Lytvynova & Soroko, 2023). Key features of AR include the fusion of physical and virtual
environments in three dimensions, the generation of 3D experiences, and real-time interaction with digital
elements (Danakorn Nincarean et al., 2019). Both technologies can enrich education when implemented
in alignment with pedagogical objectives (Rueda Marquez de la Plata et al., 2023).

1.2. Theoretical Framework

From Bandura’s perspective, self-efficacy has become a key construct for explaining both human behavior
and academic performance (Bandura, 1986). Motivation, particularly intrinsic motivation, plays a central role
in initiating and sustaining learning processes while enhancing the perception of self-efficacy, understood
as the personal conviction regarding one’s ability to handle academic tasks (Bandura, 2000). This efficacy
judgment directly influences the choice of activities, as well as the level of effort and persistence in the face
of challenges (Honicke & Broadbent, 2016). More recent research shows that motivation promotes the use
of metacognitive and self-regulation strategies, indirectly contributing to better academic performance through
strengthened self-efficacy (Uchida et al., 2018). Consequently, fostering both motivation and self-efficacy is
considered an essential strategy for achieving sustainable academic success (Fu et al., 2025). For instance,
Soriano-Sanchez and JiménezVazquez (2023) highlighted the influence of these factors in higher education
fields such as education sciences, engineering and architecture, health sciences, and the arts and humanities.
AR can enhance motivation and self-efficacy by representing complex phenomena in a visual and interactive
manner, facilitating the understanding of abstract concepts in Natural Sciences, such as biological, chemical, or
physical processes (O’Connor & Mahony, 2023). It allows students to interact with, observe, and manipulate
virtual environments that simulate reality, promoting deep, meaningful, and contextualized learning (Ciloglu
& Ustun, 2023). In this way, AR reinforces motivation, engagement, and self-efficacy, indirectly contributing
to academic performance. Other studies have reported AR’s effectiveness in improving learning outcomes
related to the states of water in students with intellectual disabilities (latraki & Mikropoulos, 2025).

However, its implementation presents challenges. Technical limitations, lack of clear guidelines, or the
need for prior knowledge can hinder its use (Barroso-Osuna et al., 2019). Nevertheless, when applied
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appropriately, AR generates positive experiences, increases motivation, and can improve academic outcomes
(Redondo et al., 2020). Motivation enhances participation, collaboration, interest, attention, and student
satisfaction (Bolek et al., 2021). According to Keller (1983) motivation depends on internal and external
factors that condition students” active engagement in learning.

The literature on the impact of ICT in education is extensive (Sijimol, 2024), although studies specifically
focused on AR remain limited. Soriano-Sanchez and Jiménez-Vazquez (2023) emphasize its potential to
stimulate cognitive skills, promote inclusion, and improve motivation and academic performance, highlighting
the need to investigate its application across different educational levels and contexts (Abaloszguilera et
al., 2024). AR facilitates more dynamic and interactive learning, supporting knowledge retention and the
development of specific competencies (Hénemann et al., 2025).

1.3. Justification of the Present Study

AR offers numerous benefits for teachers and the wider educational community, fostering active
participation, enhancing comprehension of abstract concepts through 3D representations, increasing
motivation with engaging visual resources, and adapting teaching to diverse learning styles (Aygiin & Celik,
2024; Flores-Bascufiana et al., 2020; McBain et al., 2022). It also promotes collaboration, social skills,
digital competencies (Amirbekova et al., 2024), critical and creative thinking (Ozdamli & Hursen, 2017),
risk-free practical experiences (Tarng et al., 2018), and educational inclusion.

From a methodological perspective, this study addresses a clear gap in literature: although research
exists on educational technologies and meta-analyses related to ICT in Natural Sciences, the effect of
AR on motivation and academic performance in Primary Education has not been systematically explored.
Traditional teaching methods often struggle to convey abstract concepts and foster active participation. By
adopting an interdisciplinary approach that integrates educational psychology (motivation and self-efficacy),
science education, and emerging technologies, this study provides consolidated evidence and practical
strategies to optimize teaching and learning in Natural Sciences.

This research builds on recent meta-analyses that demonstrate AR’s positive impact in educational settings.
For example, Na and Yun (2024) found a significant positive effect of AR on K-12 students” motivation (g =
0.803), while Adi et al. (2025) reported substantial improvements in academic performance. By integrating
AR into a replicable pedagogical framework, this study not only enhances motivation and academic outcomes
but also supports student engagement, collaboration, and the development of digital competencies, offering
teachers practical guidance to optimize learning processes in primary-level Natural Sciences.

1.4. Current State of the Art

To validate these benefits, meta-analyses are essential, as they allow the integration and comparison
of results from multiple studies, providing a solid level of evidence to guide future research and optimize
pedagogical practices (Myung, 2023). Although some meta-analyses exist on AR and student motivation,
its specific influence on motivation to learn Natural Sciences has not yet been explored through systematic
review and meta-analysis. In the science curriculum, AR helps in understanding abstract concepts or non-
observable phenomena and better explaining scientific knowledge by overlaying virtual objects onto real
environments (Xu et al., 2022). lts capacity to increase motivation and engagement (Bdlek et al., 2021;
Redondo et al., 2020) makes it a key resource for active, student-centered teaching strategies. Despite
these advances, there is still a lack of meta-analytic studies evaluating its impact on motivation and learning
in Natural Sciences at the Primary Education level, highlighting the need to systematically explore these
effects and provide evidence-based guidance for educational practice (Fu et al., 2025). In this context,
the choice of Natural Sciences as a study area is justified by the relevance of this discipline for students’
comprehensive development and the complexity of its content, which often hinders understanding and
reduces motivation. T his field offers an ideal context to assess the impact of innovative tools, such as AR,
on motivation, engagement, and academic performance, enabling the development of more effective,
student-centered pedagogical strategies.

1.5. The Present Study

Based on the above, although meta-analyses have examined the impact of ICT on Natural Sciences to
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address diversity and individual differences (Soriano-Sanchez, 2025), to date, no studies have specifically
analyzed the influence of AR on motivation in learning Natural Sciences. In the context of technological
advancement, AR emerges as a highly promising tool for optimizing teaching and learning processes.

Therefore, the objective of this study is to analyze the effect of AR on students” motivation and academic
performance in the area of Natural Sciences.

Despite the growing literature on AR in education, significant gaps remain there is no consolidated
evidence regarding its specific effect on motivation and academic performance in Natural Sciences
at the Primary Education level, nor are there systematized models guiding its didactic implementation.
This highlights the need to identify effective pedagogical strategies, optimize their application, and
evaluate their impact to provide a replicable framework that enhances teaching and learning processes
through AR.

As operational tools to achieve these objectives, the study proposes a pedagogical application framework
based on AR, which combines innovative didactic interventions, integration of AR into learning activities,
and evaluation of its impact on motivation and academic performance. T his approach provides a practical
and replicable guide for teachers, aimed at optimizing teaching and learning processes, enhancing the
understanding of abstract concepts, and fostering student motivation and engagement.

To address these gaps and guide the investigation, the study poses the following research questions:
How does AR influence students” motivation to learn Natural Sciences at the Primary Education level?
What effect does the use of AR have on students” academic performance in Natural Sciences?
Which pedagogical strategies and AR-based application models are most effective for optimizing the
teaching and learning of abstract concepts in Natural Sciences?

4. How can AR be systematically integrated into educational activities to ensure replicable improvements

in motivation and academic performance?

hadi e

Based on the review of previous studies, the following hypotheses (H) are proposed:
H.1: Students who use AR exhibit significantly higher levels of motivation compared to those who do not
use this technology.
H.2: The greater the exposure or intervention time with AR, the better the learning outcomes achieved
by students.

In addition, the present study makes a novel contribution: Although there is extensive literature on AR
in education, few studies have specifically examined its effect on motivation and academic performance in
Natural Sciences at the Primary Education level, and systematized models guiding its didactic implementation
are lacking. This study combines an innovative pedagogical approach with a systematic review and meta-
analysis, identifying effective AR integration strategies, evaluating their impact on motivation and academic
achievement, and proposing a replicable framework for application in educational contexts. Thus, the study
not only provides consolidated evidence on the effects of AR but also offers practical tools for teachers and
educational stakeholders, optimizing teaching and learning processes and enhancing the understanding of
abstract concepts in Natural Sciences. T his research thus represents a novel interdisciplinary contribution,
combining insights from educational psychology, science didactics, and emerging technologies to enhance
teaching and learning in Natural Sciences.

2. Methodology
2.1. Information Sources and Search Strategy

This research was based on a systematic review of scientific literature. T he study followed the guidelines
proposed by the PRISMA statement (Page et al., 2021) (Figure 1).

The search was conducted in September 2025 in the following databases: Education Resources
Information Center (ERIC), Web of Science (WoS), and Scopus, using the “All Fields” option. Filters
were applied for studies published in English and Spanish. The search query used was as follows:
((“augmented reality”) AND (“motivation” OR “self~efficacy” OR “academic performance”) AND
(“Natural Sciences”)). The results obtained from each of the databases were as follows: 11 in ERIC,
17 in WoS, and 29 in Scopus.
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Figure 1: Synthesis of the Steps Involved in Conducting A Systematic Review with Meta-analysis
(PRISMA statement).

Protocol and N Search N Eligibility

registration strategy criteria

v

Meta- Results Document
analysis analysis extraction

2.2. Inclusion and Exclusion Criteria

Regarding the inclusion criteria, they were as follows: a) Empirical studies without limitation on the
publication date; b) Research including the treatment of two comparable groups; c) The variable to be
measured was motivation related to the use of AR in the learning of Natural Sciences at any educational
level; and d) Articles published in peer-reviewed journals.

On the other hand, the exclusion criteria were: a) Restricted access to the publication; b) Duplicate studies;
c) Conference proceedings, doctoral theses, book chapters, or books; d) Theoretical research, reviews, case
studies, or cross-sectional studies; €) Not relevant to the study topic; and f) Lack of data for meta-analysis.

2.3. Data Selection and Collection Procedure

The two researchers (JGSS and DJV) independently reviewed the titles and abstracts of the identified
records. T hey retrieved and fully read the preselected records. In cases of disagreement, a thorough reading
of the full text was conducted to apply the remaining conceptual and methodological criteria. Information
from the records that met the eligibility criteria was extracted into a database.

The search strategy used yielded a total of 57 documents, of which 52 were excluded based on the
established exclusion criteria. The exclusions were as follows: | restricted-access study, 14 studies that did
not meet criterion b, 5 studies under criterion ¢, 13 studies under criterion d, 19 studies that met criterion
e, and | study under exclusion criterion f. Accordingly, the flow diagram illustrates the process followed
and the screening of scientific articles, leading to the final sample (Figure 2). Finally, 4 studies met the
eligibility criteria and were included for review and meta-analysis.

Figure 2: Screening of Articles for the Systematic Review According to the PRISMA Flow.

Identification of studies through databases and records

Records identified

through database
searching (k=57)

v

Duplicate Full-text not
records (k=14) ) available (k=1)
Full-text articles Full-text articles

assessed for | excluded according to
eligibility (k=42) exclusion criteria (k=38)

v

Studies included in
ystematic and meta-
analytic review (k=4)

| Included | | Eligibilityl |Screened| |ldentiﬁed|
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2.4. Data Extraction

For data extraction, a form was designed that included information based on the established inclusion
criteria. First, the information was coded following this process: (1) authors, (2) year of publication,
and (3) study objective. Subsequently, a second questionnaire was completed, including: (1) study, (2)
language of publication, (3) location, (4) study design, (5) participants in each group, and (6) age range/
mean age. Finally, the information was coded for: (7) study, (8) educational stage, (9) variables analyzed,
(10) instruments used, and (I1) mode of intervention. Using these tools, the most relevant qualitative
and quantitative data from each study were extracted. This process was carried out by both authors
(JGSS and DJV) to ensure maximum reliability in data collection and to resolve discrepancies through
a second reading of the documents.
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2.5. Data Analysis: Meta-analysis

First, the intervention review option was selected to test the efficacy of the interventions, following
a random-effects model. The meta-analysis was conducted using the statistical software Cochrane
Review Manager (RevMan), version 5.4 (Cochrane, London, UK), to assess study heterogeneity, effect
size, data quality, etc. (SAnchez-Meca & Ato, 1989), providing a high level of evidence on the efficacy
of the interventions. Effect sizes were considered favorable if the results indicated improvement across
interventions, statistical significance was assessed using the p-value, and the overall efficacy was considered
significant if p < 0.05. Study heterogeneity, on the other hand, examined the extent to which results
from different studies could be combined into a single measure. Differences in study design, population

characteristics, and other factors could lead to varying results. Heterogeneity was considered high if /2
> 75%, moderate if 50—75%, and low if /2 < 25% (Higgins et al., 2003).

2.6. Data Analysis: Meta-analysis

The risk of bias was assessed by examining the distribution of points in the funnel plot, following
the guidelines suggested by Higgins et al. (2011). Thus, the two researchers independently evaluated
the risk of bias, resolving any disagreements through a consensus meeting.

2.1. Protocol Registration

The protocol for this review was registered in PROSPERO (CRD420251142675), ensuring transparency
and traceability of the review process in accordance with the best practices recommended by PRISMA.
This registration allowed the public documentation of the objectives, methods, and planned analyses
prior to conducting the study.

2.8. Keyword Co-occurrence Analysis
To analyze the co-occurrence of keywords retrieved from the literature search, an automated analysis
was conducted using VOSviewer, a software tool specialized in constructing and visualizing bibliometric

networks (Van Eck & Waltman, 2010).

3. Results

The search strategy and the established inclusion and exclusion criteria yielded a total of 4 studies
for systematic and meta-analytic review. The most relevant qualitative results of the research are
presented below.

3.1. Aanalysis of the Selected Studies

First, regarding the year of publication, two studies were conducted in 2014 (Chiang et al., 2014),
one in 2016 (Chen et al., 2016), one in 2022 (Cai et al., 2022), and one in 2024 (Chen et al., 2024),
reflecting a growing interest in this field of study. With respect to the research objective, all studies
shared the goal of evaluating the potential of AR in students” motivation and/or academic performance

(Table 1).
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Table 1: Authors, Year of Publication, and Objectives of the Included Studies.

Authors [Year of publication Study objective

To explore the impact of an AR-based scientific inquiry tool based on a brain-
computer interface (BCI) on primary school students” scientific performance,
flow experience, self-efficacy, and cognitive load

2016 To evaluate whether the use of the CMAR system improves students’ learning,

Caietal. 2022

Chen et al. S } )

motivation, and attitude compared to a conventional AR system

To enhance students” motivation, interest, and learning outcomes through the use
Chen et al. 2024 of AR combined with mobile learning, while introducing the concept of auroras

in the context of climate science to promote environmental awareness

To propose an AR-based mobile learning system for conducting inquiry-based
Chian et al. 2014 learning activities and examine the effectiveness of the approach in terms of

learning achievements and motivation
Note. AR = Augmented Reality; CMAR = Concept-Mapped Augmented Reality.

All the studies (k = 4) were published in English (Cai et al., 2022; Chen et al., 2024; Chiang et al.,
2014). Three of them were conducted in Taiwan (Cai et al., 2022; Chen et al., 2024), while one was
carried out in China (Cai et al.,, 2022). Regarding the study design, all employed a quasi-experimental
approach. As for the sample size, it ranged from 21 participants in the experimental group and 20 in the
control group (Cai et al., 2022) to 36 participants in the experimental group and 35 in the control group
(Chen et al., 2016), with ages ranging from 9—10 years (Chiang et al., 2014) to 11-12 years (Chen et al.,
2024) (Table 2).

Table 2: Study, Language of Publication, Location, Study Design, Participants, and Ages.

Language of , . Participants in Age Range /
Study Pubglicagtion Location Study Design each Gsoup (n) Iglean Agge
Cai et al. (2022) English China  |Quasi-experimental |41 (EG = 21; GC = 20) 10—13 years old
Chen et al. (2016) |English Taiwan |Quasi-experimental |71 (EG = 36; GC = 35) 10—11 years old
Chen et al. (2024) |English Taiwan |Quasi-experimental |48 (EG = 24; GC = 24) 11-12 years old
Chian et al.(2014) |English Taiwan |Experimental 57 (EG =28, GC =29) |9-10 years old

Note. EG = Experimental Group; CG = Control Group.

Regarding the educational stage, all studies were conducted at the Primary Education level (Cai et al.,
2022; Chen et al., 2016; Chen et al,, 2024; Chiang et al., 2014), evaluating academic performance, self-
efficacy, and/or cognitive load as indicators of learning achievement. For this purpose, various instruments
were employed, including the Self~efficacy Scale (Ibrahim et al., 2016), which is related to motivation,
among others (Table 3). The duration of the interventions ranged from a single session of one and a half
hours (Cai et al., 2022) to 18 weeks, with two or three weekly sessions of 45 minutes each. All interventions
were conducted face-to-face.

Table 3: Study, Educational Stage, Variables Analyzed, Instruments Used, Intervention Time, and Mode of

Intervention.

. Instruments used Treatment and
Educational . .. . Mode of
Study S Variables Analyzed (motivation and/or Intervention :
tage . . Intervention
academic performance) Duration
. . Academic performance,
Caietal. Primary self-efficacy, and B | hour 35 minutes  |In-person
(2022) Education hicacy, P
cognitive load

Chen et al. Primary Attitude toward Aand C 4 hours and 20 In-person
(2016) Education |learning and motivation| minutes P
Chen et al. Primary Motivation and 18 weeks frwo or

. . A three weekly sessions|In-person
(2024) Education |learning outcomes )

of 45 minutes each)

Chian et al. Primary Learning Achievement D 6 hours In-person
(2014) Education |and Motivation p

Note. A = Instructional Materials Motivation Survey (Keller, 2010); B = Self-efficacy (Ibrahim et al., 2016); C = Learning
Attitude Questionnaire (Hwang et al., 2013); D = Cognitive Load Survey (Sweller et al., 1998).
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3.2. Synthesis of the Evidence Found

In Primary Education, various AR interventions demonstrated improvements in both student learning and
motivation. Chen et al. (2024) conducted a scientific inquiry experiment on the lever principle, comparing
an experimental group that used a BCl-based AR system with attention feedback, and a control group
that used simple AR. Students in the EG maintained higher levels of concentration and flow, significantly
improving their performance and confidence in scientific inquiry, particularly in conducting surveys, which
showed that BCl-enhanced AR strengthened self-efficacy in inquiry tasks (Cai et al., 2022).

Additionally, the Aurora AR System application in group mobile learning facilitated the understanding
of complex phenomena, such as auroras, within the STEAM (Science, Technology, Engineering, Arts,
and Mathematics) approach, promoting interest, active participation, and motivation among sixth-grade
students. Similarly, Chen et al. (2016) found that the CMAR system facilitated the comprehension of abstract
concepts and knowledge organization through the integration of 3D models, animations, and interactive
concept maps, enhancing academic performance, attitudes toward learning, and motivation, with notable
increases in attention, relevance, confidence, and satisfaction.

Furthermore, mobile AR-based learning about aquatic animals and plants allowed students to explore
objects immersively, receive contextualized guidance, and access relevant materials, which increased their
motivation, attention, and satisfaction without increasing cognitive load and supported more efficient content
processing (Cai et al., 2022; Chiang et al., 2014). Overall, these findings indicated that AR—whether in
mobile form, integrated with BCI, or combined with concept-mapping systems—enhanced student learning,
motivation, self-efficacy, and active participation, facilitating the understanding of complex concepts and
the completion of scientific inquiry tasks.

3.3. Summary of Meta-analytic Results

The meta-analytic findings on the use of AR in student motivation and learning (k = 4) included a
total of 109 participants in the experimental group and 108 in the control group (Figure 3). The results
indicated low heterogeneity regarding the differences in the interventions (/2 = 0%), with a standardized
mean difference (SMD) of 7.12, at a 95% confidence interval (Cl) [4.11, 10.13], and the effect of the
interventions was significant (Z = 4.64; p < .00001).

In interpreting the meta-analysis, the symbols are defined as follows:

[ Green squares: represent the effect size (mean difference) of each individual study. The size of the
square reflects the weight of the study in the meta-analysis.

— Black horizontal lines that cross the squares represent the 95% ClI for each study.

@ The black diamond at the bottom of the plot illustrates the overall combined effect across all studies,
with its width reflecting the 95% CI for this aggregated effect.

Figure 3: Forest Plot of the Overall Effect Size of the Interventions.

Note. Tau? = estimate of the variance of effect sizes; Chi> = presence of heterogeneity; [2 = percentage of heterogeneit

across the interventions; Z = effect size; df = overall indicator of the effect size in the meta-analysis; p = statistically significant
heterogeneity; green dots = effect size of each study; black diamond for each variable = effect size of the set of studies; final
black diamond = subgroup effect size.

3.4. Risk of bias of the Included Studies
Once the studies for the meta-analysis were selected, the reliability of the results was assessed by
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evaluating the risk of bias using the Cochrane tool. The funnel plot (a graph that checks for publication
bias) was used. This allowed for observing the risk of bias results in students” motivation and academic
performance in relation to the use of AR (Figure 4). For interpretation, a clustering close to the vertical line
of the graph with respect to the different points is associated with a low risk of bias.
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Figure 4: Overall Risk of Bias.
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In summary, the inspection of the point distribution allowed verification that there was no risk of bias
in any of the components analyzed in this study, with respect to the studies included in the meta-analysis
and the set of interventions.

3.5. Keyword Co-occurrence Analysis

Figure 5 corresponds to a conceptual map or semantic network that shows the relationship between
different concepts related to the teaching of Natural Sciences and the use of AR. At the center are two
main nodes: “AR” and “natural science.” Both act as axes connecting to the other elements.

On the left side appears the term “influence”, which connects to both AR and Natural Sciences,
suggesting that both dimensions are affected by external factors while also influencing other processes.

On the far right are two pedagogical concepts: “didactic strategy” and “potentialization/empowerment”.
These link directly to the central nodes, reflecting how AR and Natural Sciences can be integrated as
teaching strategies and as means to enhance and empower learning.

In visual terms, colors also convey differentiation:

e Red/pink links represent the connections between influence, AR, and Natural Sciences.
Green links indicate the relationship toward didactic strategies and empowerment.

® In the center, more neutral tones show the intersection of both fields, highlighting the role of AR as a
mediator between science and pedagogy.

Figure 5: Thematic or Cluster Node Map.
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The network shows that AR not only influences the teaching of Natural Sciences but also emerges as
an innovative didactic strategy, capable of enhancing and empowering learning, positioning it as a bridge
between the scientific and pedagogical dimensions.

4. Disccusion and Conclusions
4.1. Discussion of Results

The results of this study allow us to confirm the proposed objective, which was to analyze the effect
of AR on students’ motivation and academic performance in Natural Sciences In this regard, consistent
with the proposed pedagogical application framework, AR appears to enhance motivation by offering
interactive and visual experiences that make content more engaging, facilitates the understanding of abstract
and non-observable concepts through 3D visualizations and real-world scenario simulations, and promotes
collaboration, student participation, and the development of digital competencies (Campos-Mesa et al.,
2022; Rueda Marquez de la Plata et al., 2023).

Addressing the first research question and hypothesis, the findings indicate that students using AR
exhibit significantly higher levels of motivation compared to those who do not use this technology. This
effect may be due to interactive and visual experiences, real-world scenario simulations, and 3D models
that facilitate the understanding of abstract concepts and foster active participation (Chin et al., 2019; Dutta
etal, 2023; Henssen et al., 2020; Lytvynova & Soroko, 2023). In relation to the second research question
and hypothesis, the study confirms that greater exposure or longer intervention time with AR leads to
improved academic outcomes in Natural Sciences, demonstrating that AR not only increases motivation but
also enhances performance through the strengthening of self-efficacy, meaningful learning, and retention
of complex content (Balek et al., 2021).

To address the third research question, the findings suggest that the most effective pedagogical strategies
include the integration of AR in collaborative activities, the use of 3D models, interactive animations, and
concept-mapping systems within a planned and replicable instructional framework. This approach could
constitute a systematic model that optimizes the teaching of abstract concepts in primary-level Natural
Sciences. Implementation criteria for these findings include structured activity planning, integration of
3D models and interactive tools, and continuous evaluation of motivation and academic performance.
Its potential impact extends to the fields of education and media, enhancing digital literacy, visual
communication, and the understanding of complex concepts. Teachers are recommended to apply these
strategies systematically, fostering active participation and meaningful learning. By integrating AR within a
systematic instructional framework, the technology is suggested to create a dynamic learning environment
that increases participation, interest, and motivation, which in turn improves attention, cooperation,
satisfaction, and ultimately academic performance (Bélek et al., 2021; Lampropoulos & Kinshuk, 2024).
These outcomes align with the study’s aim to provide evidence-based guidance for optimizing teaching
and learning processes and demonstrate the effectiveness of AR-based pedagogical strategies for Primary
Education in Natural Sciences. Furthermore, the findings support competency-based learning by promoting
skills necessary for active participation in society, linking the study’s results to broader educational goals,
including the Sustainable Development Goals.

The findings indicate that research on educational technology has primarily focused on variables such
as academic achievement, motivation, and attitude, consistent with the close relationship among these
dimensions. Additionally, the prevalence of mobile applications and paper marker-based materials as AR
resources reflects a preference for accessible and easily implemented tools (Arici et al., 2019). However,
AR only enhances science teaching if it is integrated within a properly planned instructional framework
(Penn, 2022). These findings support the hypothesis that students using AR exhibit significantly higher
levels of motivation than those who do not use this technology. Studies such as Chen et al. (2024) show
that a BCl-based AR system with attention feedback increases concentration, flow, and self-efficacy in
inquiry tasks compared to simple AR (Cai et al., 2022). Similarly, Aurora AR System and CMAR facilitate
the understanding of complex concepts through 3D models, animations, and interactive maps, promoting
interest, participation, and academic performance (Chen et al., 2016; Chiang et al., 2014). Altogether,
these results confirm that AR—whether mobile, integrated with BCI, or combined with concept-mapping
systems—enhances motivation, self-efficacy, and active participation among students. These findings
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reinforce the evidence on the benefits of AR, providing clear criteria for its implementation and practical
suggestions for its use in educational and media contexts.

The choice of Natural Sciences as the area of study is justified by its relevance in the comprehensive
development of students and the complexity of its content, which often hinders understanding and reduces
motivation. The results of this study confirm that AR significantly increases motivation and improves
academic performance in this field, demonstrating that its integration within a systematic and replicable
pedagogical framework optimizes teaching and learning processes. Additionally, effective strategies were
identified, such as the use of 3D models, interactive animations, and collaborative activities, which allow
abstract and non-observable concepts to be taught in a more understandable and engaging way. These
findings highlight the relevance of implementing AR in Natural Sciences, offering consolidated evidence,
practical tools for teachers, and a pedagogical framework that strengthens student motivation, engagement,
and digital competencies.

The meta-analysis reinforces these findings, showing that AR generates higher motivation and academic
performance in Natural Sciences compared to traditional methods, and that the duration of the intervention
does not significantly affect the studied variable. This aligns with previous studies suggesting that even
brief interventions can be effective (Soriano-Sanchez & Jiménez Vazquez, 2025). Low heterogeneity and
the absence of risk of bias confirm the consistency and reliability of these effects across different studies.
Various AR systems, including mobile applications, BCl-integrated platforms, and concept-mapping tools,
support student engagement, self-efficacy, and active participation, validating the operational tools proposed
within the pedagogical framework.

Regarding the fourth research question, the results indicate that the systematic integration of AR into
educational activities ensures replicable improvements in motivation and academic performance, provided
it is combined with a clear pedagogical framework, structured instructional planning, and continuous
assessment. | he consistency and replicability of these effects depend on the correct implementation
of AR-based strategies and the ongoing monitoring of outcomes over time. Furthermore, recent studies
emphasize the importance of systematically applying innovative AR-based pedagogical strategies to promote
competency-based learning in Natural Sciences content (Soriano-Sanchez et al., 2025).

The keyword co-occurrence analysis has shown that AR and Natural Sciences are central nodes
connecting key concepts. The node “influence” reflects reciprocal effects in both fields, while “didactic
strategy” and “potentialization/empowerment” highlight how AR can enhance and strengthen learning.
The network confirms that AR acts as a bridge between scientific content and pedagogical innovation,
positioning it as an effective strategy to increase motivation, engagement, and academic outcomes.

Nevertheless, the study presents some limitations, such as the restricted selection of databases (ERIC,
WoS, and Scopus), the number of included articles, and sample size, as well as limited evidence in
educational levels other than Primary Education. Despite this, and notwithstanding the limited number
of studies available in this line of research, a notable strength of the present study is the relevance of using
augmented reality in Primary Education to enhance student motivation and improve academic performance
in Natural Sciences content. On the other hand, from a practical perspective, AR can also be applied
in higher education and other contexts through interactive simulations, immersive 3D experiences, and
gamified learning, reinforcing the proposed replicable pedagogical framework. Likewise, it would be
valuable to implement this methodological strategy in initial teacher education, so that future teachers
acquire the necessary competencies to ensure quality education, promoting students” understanding and
interpretation of the physical and natural environment in a more meaningful and comprehensive way, in
line with societal demands and the principles of STEAM education, fostering creativity, critical thinking,
and problem-solving skills.

Future studies should explore these possibilities using standardized assessment instruments to reduce bias
and further validate the impact of AR on motivation and academic performance across different educational
levels. Finally, it is recommended that future research explore the impact of AR on motivation and academic
performance at other educational levels, such as Early Childhood, Secondary, and Higher Education, and use
standardized assessment instruments to reduce the risk of bias. Likewise, it is recommended that future research
continue evaluating the impact of AR in interdisciplinary contexts, measuring both cognitive and socio-emotional
effects, and generating practical guidelines that can be applied in educational and media environments.
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4.2. Conclusions

This study highlights the positive effect of AR on student motivation and academic performance in
Natural Sciences. The findings show that AR enhances motivation, facilitates the understanding of abstract
and non-observable concepts, increases student participation and engagement, and contributes to improved
academic performance. AR applications improve pedagogical strategies, spark interest in learning, and
significantly enhance students’ knowledge. Therefore, their implementation is recommended in both
face-to-face and online settings, as they provide a personalized pedagogical approach, optimize teaching
and learning processes, and ensure educational quality.

The meta-analysis findings show that AR is an effective tool for enhancing motivation, content acquisition,
and academic performance, even with a single session. Additionally, it supports the development of media
literacy and social, cognitive, and emotional skills, making it advisable to integrate AR systematically in
higher education, leveraging its interactivity and ability to stimulate student engagement. T his highlights
the need to systematically integrate AR across different educational levels, leveraging its interactivity and
ability to stimulate active student participation.

This analysis underscores AR’s pivotal role as both a mediator and enhancer in science education,
linking content mastery with innovative pedagogical practices.

Among the study’s limitations are the restricted selection of databases (ERIC, WoS, Scopus), the number of
articles analyzed, the sample size, and the limited evidence at educational levels other than Primary Education.

Finally, this work opens opportunities to further investigate motivation and academic performance in
Natural Sciences across different educational levels, strengthening this research line and contributing to
quality education.

References

Abalos-Aguilera, F., Romero-Rodriguez, L. M., & Bernal Bravo, C. (2024). TIC, motivacién y rendimiento académico en educacién
primaria: meta-anlisis, revisién de literatura y estado de la cuestién. Education in the Knowledge Society (EKS), 25, e31799.
https://doi.org/10.14201/eks.31799

Adi, N. H., Nelmira, W., Novrita, S. Z., Gusnita, W., Lubis, A. L., & Riyanda, A. R. (2025). Augmented Reality as an Educational
Tool: A Meta-Analysis of Its Impact on Student Performance. TEM Journal, 14(3), 2271. https://doi.org/10.18421/ TEM143-32

Amirbekova, E., Shertayeva, N., & Mironova, E. (2024). Teaching chemistry in the metaverse: the effectiveness of using virtual
and augmented reality for visualization. Frontiers in Education, 8, 1184768. https://doi.org/10.3389/feduc.2023.1184768

Arici, F, Yildirim, P, Caliklar, S., & Yilmaz, R. M. (2019). Research trends in the use of augmented reality in science education:
Content and bibliometric mapping analysis. Computers & Education, 142, 103647. https://doi.org/10.1016/j.compedu.2019.103647

Aygiin, E. B., & Celik, S. (2024). A Systematic Review on Augmented Reality Supported Flipped Classrooms Studies. International
Journal of Human—Computer Interaction, 41(9), 5163-5177. https://doi.org/10.1080/10447318.2024.2358459

Bandura, A. (1986). Social Foundations of Thought and Action. Prentice Hall.

Bandura, A. (2000). Self~-Efficacy: An Essential Motive to Learn. Academic Press.

Barroso-Osuna, J., Gutiérrez-Castillo, J. J., Llorente-Cejudo, M. d. C., & Ortiz, R. V. (2019). Difficulties in the Incorporation of
Augmented Reality in University Education: Visions from the Experts. Journal of New Approaches in Educational Research,
8(2), 126-141. https://doi.org/10.7821/naer.2019.7.409

Boslek, K. A., De Jong, G., & Henssen, D. (2021). The effectiveness of the use of augmented reality in anatomy education: a systematic
review and meta-analysis. Scientific Reports, 11(1), 15292. https://doi.org/10.1038/s41598-021-94721-4

Buchner, J., & Kerres, M. (2021). Students as Designers of Augmented Reality: Impact on Learning and Motivation in Computer
Science. Multimodal Technologies and Interaction, 5(8), 41. https://doi.org/10.3390/mti5080041

Cai, S, Liu, Z., Liu, C., Zhou, H., & Li, J. (2022). Effects of a BCI-Based AR Inquiring Tool on Primary Students’ Science Learning: A Quasi-
Experimental Field Study. Journal of Science Education and Technology, 31(6), 7167-782. https://doi.org/10.1007/510956-022-09991-y

Campos-Mesa, M.-C., Castaiieda-Vazquez, C., DelCastillo-Andrés, O, & Gonzéalez-Campos, G. (2022). Augmented Reality and
the Flipped Classroom—A Comparative Analysis of University Student Motivation in Semi-Presence-Based Education Due
to COVID-19: A Pilot Study. Sustainability, 14(4), 2319. https://doi.org/10.3390/5u14042319

Chen, C.-H., Chou, Y.-Y., & Huang, C.-Y. (2016). An Augmented-Reality-Based Concept Map to Support Mobile Learning for
Science. The Asia-Pacific Education Researcher, 25(4), 567-578. https://doi.org/10.1007/s40299-016-0284-3

Chen, G., Wang, H,, Liang, A., Oubibi, M., & Zhou, Y. (2025). From detached observer to immersive participant: An augmented
reality-based experiential learning approach to promote academic performance and learning behaviors in science education.
Computers in Human Behavior Reports, 19, 100756. https://doi.org/10.1016/;.chbr.2025.100756

Chen, S.-Y,, Lin, P-H,, Lai, Y.-H., & Liu, C.-J. (2024). Enhancing Education on Aurora Astronomy and Climate Science Awareness
through Augmented Reality Technology and Mobile Learning. Sustainability, 16(13), 5465. https://doi.org/10.3390/sul6135465

Chiang, T. H., Yang, S. J., & Hwang, G.-J. (2014). An Augmented Reality-based Mobile Learning System to Improve Students’
Learning Achievements and Motivations in Natural Science Inquiry Activities. Journal of Educational Technology & Society,
17(4), 352-365. https://www.jstor.org/stable/jeductechsoci.17.4.352

https://doi.org/10.5281/zenodo.19691127 * Pages 227-240


https://doi.org/10.5281/zenodo.19691127
https://doi.org/10.14201/eks.31799
https://doi.org/10.18421/TEM143-32
https://doi.org/10.3389/feduc.2023.1184768
https://doi.org/10.1016/j.compedu.2019.103647
https://doi.org/10.1080/10447318.2024.2358459
https://doi.org/10.7821/naer.2019.7.409
https://doi.org/10.1038/s41598-021-94721-4
https://doi.org/10.3390/mti5080041
https://doi.org/10.1007/s10956-022-09991-y
https://doi.org/10.3390/su14042319
https://doi.org/10.1007/s40299-016-0284-3
https://doi.org/10.1016/j.chbr.2025.100756
https://doi.org/10.3390/su16135465
https://www.jstor.org/stable/jeductechsoci.17.4.352

.............................................................................................................................................

Chin, K.-Y,, Lee, K-F., & Chen, Y.-L. (2019). Effects of a Ubiquitous Guide-Learning System on Cultural Heritage Course
Students’ Performance and Motivation. /[EEE Transactions on Learning Technologies, 13(1), 52-62. https://doi.org/10.1109/
TLT.2019.2926267

Ciloglu, T., & Ustun, A. B. (2023). The Effects of Mobile AR-based Biology Learning Experience on Students’ Motivation,
Self-Efficacy, and Attitudes in Online Learning. Journal of Science Education and Technology, 32(3), 309-337. https://doi.
org/10.1007/s10956-023-10030-7

Danakorn Nincarean, A, Phon, L. E., Rahman, M. H. A, Utama, N. |, Ali, M. B., & Kasim, S. (2019). The Effect of Augmented
Reality on Spatial Visualization Ability of Elementary School Student. International Journal on Advanced Science, Engineering
and Information Technology, 9(2), 624-629. https://doi.org/10.18517/ijaseit.9.2.4971

Dutta, R., Mantri, A., Singh, G., & Singh, N. P. (2023). Measuring the Impact of Augmented Reality in Flipped Learning Mode on
Critical Thinking, Learning Motivation, and Knowledge of Engineering Students. Journal of Science Education and Technology,
32(6), 912-930. https://doi.org/10.1007/s10956-023-10051-2

Erbas, C., & Demirer, V. (2019). The effects of augmented reality on students” academic achievement and motivation in a biology
course. Journal of Computer Assisted Learning, 35(3), 450-458. https://doi.org/10.1111/jcal.12350

Flores-Bascufiana, M., Diago, P. D., Villena-Taranilla, R., & Yafez, D. F. (2020). On Augmented Reality for the Learning of
3D-Geometric Contents: A Preliminary Exploratory Study with 6-Grade Primary Students. Education Sciences, 10(1), 4.
https://doi.org/10.3390/educscil0010004

Fu, S., Niu, Y, Kang, R., Tong, L., Wang, Y., Xiao, Q., & Xie, Z. (2025). Application of Handheld Augmented Reality in Nursing
Education: A Scoping Review. Nurse Educator, 50(4), E191-E195. https://doi.org/10.1097/NNE.0000000000001831

Garzon, P, & Inga, E. (2023). Advancing primary education through active teaching methods and ICT for increasing knowledge.
Sustainability, 15(12), 9551. https://doi.org/10.3390/su15129551

Henssen, D. J. H. A, van den Heuvel, L., De Jong, G., Vorstenbosch, M. A. T. M., van Cappellen van Walsum, A-M., Van den
Hurk, M. M., Kooloos, J. G. M., et al. (2020). Neuroanatomy Learning: Augmented Reality vs. Cross-Sections. Anatomical
Sciences Education, 13(3), 353-365. https://doi.org/10.1002/ase.1912

Higgins, J. P. T, Altman, D. G., Ggtzsche, P. C., Jiini, P, Moher, D., Oxman, A. D., Savovi¢, J., et al. (2011). The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials. BMJ, 343, d5928. https://doi.org/10.1136/bm;.d5928

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-analyses. BMJ, 327(7414),
557. https://doi.org/10.1136/bm;j.327.7414.557

Ho, K. K. W, Ye, S., Chiu, D. K. W.,, & Sekiguchi, T. (2023). Digital Transformation in Remote Learning and Work—An Externality
of the COVID-19 Pandemic. /EEE Internet Computing, 28(1), 10-17. https://doi.org/10.1109/MIC.2023.3332887

Hé&nemann, K., Konopka, B., Prilla, M., & Wiesche, M. (2025). A Comparative Study of Handheld Augmented Reality Interaction
Techniques for Developing AR Instructions using AR Authoring Tools. Computers in Industry, 164, 104205. https://doi.
org/10.1016/j.compind.2024.104205

Honicke, T., & Broadbent, J. (2016). The influence of academic self-efficacy on academic performance: A systematic review.
Educational Research Review, 17, 63-84. https://doi.org/10.1016/j.edurev.2015.11.002

Hwang, G.-J., Wu, C.-H., & Kuo, E-R. (2013). Effects of Touch Technology-based Concept Mapping on Students’ Learning
Attitudes and Perceptions. Journal of Educational Technology & Society, 16(3), 274-285. https://www.jstor.org/stable/
jeductechsoci.16.3.274

latraki, G., & Mikropoulos, T. A. (2025). Using Immersive Augmented Reality to Teach Physics to Students With Intellectual
Disabilities. Journal of Computer Assisted Learning, 41(3), €70040. https://doi.org/10.1111/jcal. 70040

Ibrahim, A., Aulls, M. W., & Shore, B. M. (2016). Development, validation, and factorial comparison of the McGill Self-Efficacy
of Learners For Inquiry Engagement (McSELFIE) survey in natural science disciplines. International Journal of Science
Education, 38(16), 2450-2476. https://doi.org/10.1080/09500693.2016.1249531

Keller, J. M. (1983). Motivational Design of Instruction. In C. M. Reigeluth (Ed.), Instructional-design Theories and Models: An
Overview of Their Current Status (pp. 386-434). Lawrence Hillsdale.

Keller, J. M. (2010). Motivational Design for Learning and Performance: The ARCS Model Approach. Springer. https://doi.
org/10.1007/978-1-4419-1250-3

Lampropoulos, G., & Kinshuk. (2024). Virtual reality and gamification in education: a systematic review. Educational technology
research and development, 72(3), 1691-1785. https://doi.org/10.1007/s11423-024-10351.3

Lytvynova, S. H., & Soroko, N. V. (2023). Interaction in an Educational Environment with Virtual and Augmented Reality.
Information Technologies and Learning Tools, 98(6), 13-30. https://doi.org/10.33407/itlt.v98i6.5433

McBain, K. A., Habib, R., Laggis, G., Quaiattini, A., Ventura, N. M., & Noel, G. P. J. C. (2022). Scoping review: The use of
augmented reality in clinical anatomical education and its assessment tools. Anatomical Sciences Education, 15(4), 765-796.
https://doi.org/10.1002/ase.2155

Moreno-Guerrero, A.-J., Alonso Garcia, S., Ramos Navas-Parejo, M., Campos-Soto, M. N., & Gémez Garcia, G. (2020). Augmented
Reality as a Resource for Improving Learning in the Physical Education Classroom. International Journal of Environmental
Research and Public Health, 17(10), 3637. https://doi.org/10.3390/ijerph17103637

Myung, S. K. (2023). How to review and assess a systematic review and meta-analysis article: a methodological study (secondary
publication). Journal of Educational Evaluation for Health Professions, 20, 24. https://doi.org/10.3352/jeehp.2023.20.24

Na, H., & Yun, S. (2024). The effect of augmented reality on K-12 students” motivation: a meta-analysis. Educational Technology
Research and Development, 72(6), 2989-3020. https://doi.org/10.1007/s11423-024-10385-7

O’Connor, Y., & Mahony, C. (2023). Exploring the impact of augmented reality on student academic self-efficacy in higher education.
Computers in Human Behavior, 149, 107963. https://doi.org/10.1016/j.chb.2023.107963

© ISSN: 11343478 ¢ e-ISSN: 1988-3293 * Pages 227-240

.......

0
N
=)
x
P
X
™
00
g
g
e
5
E
0
O


https://doi.org/10.1109/TLT.2019.2926267
https://doi.org/10.1109/TLT.2019.2926267
https://doi.org/10.1007/s10956-023-10030-7
https://doi.org/10.1007/s10956-023-10030-7
https://doi.org/10.18517/ijaseit.9.2.4971
https://doi.org/10.1007/s10956-023-10051-2
https://doi.org/10.1111/jcal.12350
https://doi.org/10.3390/educsci10010004
https://doi.org/10.1097/NNE.0000000000001831
https://doi.org/10.1002/ase.1912
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1109/MIC.2023.3332887
https://doi.org/10.1016/j.compind.2024.104205
https://doi.org/10.1016/j.compind.2024.104205
https://doi.org/10.1016/j.edurev.2015.11.002
https://www.jstor.org/stable/jeductechsoci.16.3.274
https://www.jstor.org/stable/jeductechsoci.16.3.274
https://doi.org/10.1111/jcal.70040
https://doi.org/10.1080/09500693.2016.1249531
https://doi.org/10.1007/978-1-4419-1250-3
https://doi.org/10.1007/978-1-4419-1250-3
https://doi.org/10.1007/s11423-024-10351-3
https://doi.org/10.33407/itlt.v98i6.5433
https://doi.org/10.1002/ase.2155
https://doi.org/10.3390/ijerph17103637
https://doi.org/10.3352/jeehp.2023.20.24
https://doi.org/10.1007/s11423-024-10385-7
https://doi.org/10.1016/j.chb.2023.107963

........

)
N
=
N
2
X
)
00
g
2
=
5
£
0
O

............................................................................................................................................

Osborne, M., & Mavers, S. (2019). Integrating Augmented Reality in Training and Industrial Applications. In 2019 Eighth International
Conference on Educational Innovation through Technology (EITT) (pp. 142-146). IEEE. https://doi.org/10.1109/EITT.2019.00035

Ozdamli, F,, & Hursen, C. (2017). An Emerging Technology: Augmented Reality to Promote Learning. /nternational Journal of
Emerging Technologies in Learning, 12(11), 121-137. https://doi.org/10.3991/ijet.v12i11.7354

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, |., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., et al. (2021). The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71

Pavlou, V., & Castro-Varela, A. (2024). E-Learning Canvases: Navigating the Confluence of Online Arts Education and Sustainable
Pedagogies in Teacher Education. Sustainability, 16(5), 1741. https://doi.org/10.3390/sul6051741

Penn, M. (2022). Pre-Service Natural Sciences Teachers’ Experiences of Virtual and Augmented Reality-Enhanced
Inquiry Learning [Doctoral Dissertation, University of Johannesburg (South Africa)]. https://www.proquest.com/
openview/1a9a21e6b799ffe6c2ba0d2cf6809857

Redondo, B., Cézar-Gutiérrez, R., Gonzalez-Calero, J. A., & Sanchez Ruiz, R. (2020). Integration of Augmented Reality in the
Teaching of English as a Foreign Language in Early Childhood Education. Early Childhood Education Journal, 48(2), 147-
155. https://doi.org/10.1007/s10643-019-00999-5

Rueda Marquez de la Plata, A., Cruz Franco, P. A., & Ramos Sanchez, J. A. (2023). Applications of Virtual and Augmented Reality
Technology to Teaching and Research in Construction and Its Graphic Expression. Sustainability, 15(12), 9628. https://doi.
org/10.3390/5u15129628

Saez-Lépez, J. M., Cézar-Gutiérrez, R., Gonzalez-Calero, J. A., & Gémez Carrasco, C. J. (2020). Augmented Reality in Higher
Education: An Evaluation Program in Initial Teacher Training. Education Sciences, 10(2), 26. https://doi.org/10.3390/educscil 0020026

Sahin, D., & Yilmaz, R. M. (2020). The effect of Augmented Reality Technology on middle school students” achievements and
attitudes towards science education. Computers & Education, 144, 103710. https://doi.org/10.1016/j.compedu.2019.103710

Sanchez-Meca, J., & Ato, M. (1989). Tratado de Psicologia General I: Historia, Teoria y Método. In J. Arnau & H. Carpintero
(Eds.), Meta-andlisis: Una alternativa metodoldgica a las revisiones tradicionales de la investigacidn (pp. 617-669). Alhambra.

Shakirova, N., Berechikidze, |., & Gafiyatullina, E. (2024). The effects of immersive AR technology on the environmental literacy,
intrinsic motivation, and cognitive load of high school students. Education and Information Technologies, 29(8), 9121-9138.
https://doi.org/10.1007/s10639-023-12144-2

Sijimol, C. G. (2024). Critical Review on the Impact of ICT Among Undergraduate Students. International Journal of Business
Data Communications and Networking (IJBDCN), 19(1), 1-18. https://doi.org/10.4018/IJBDCN.341805

Simén-Sanchez, M.-T., & Ferndndez-Sanchez, M.-R. (2023). Tecnologias emergentes para el proyecto de educacién digital:: una
revisién sistematica sobre realidad aumentada y patrimonio histérico-cultural. Education in the Knowledge Society (EKS), 24,
e30613. https://doi.org/10.14201/eks.30613

Soriano-Sanchez, J.-G., & Jiménez-Vazquez, D. (2023). Las ventajas del uso de la realidad aumentada como recurso docente
pedagégico. Revista Innova Educacién, 5(2), 7-28. https://doi.org/10.35622/j.rie.2023.02.001

Soriano-Sanchez, J. G. (2025). The Impact of ICT on Primary School Students” Natural Science Learning in Support of Diversity:
A Meta-Analysis. Education Sciences, 15(6), 690. https://doi.org/10.3390/educscil 5060690

Soriano-Sanchez, J. G., & Jiménez Vazquez, D. (2025). Trascendencia de la realidad aumentada en la motivacién del aprendizaje
en educacién superior: metaandlisis. Aloma: Revista de Psicologia, Ciéncies de I'Educacié i de I’Esport, 43(1), 52-64. https://
doi.org/10.51698/aloma.2025.43.1.52-64

Soriano-Sanchez, J. G., Quijano-Lépez, R., & Saavedra Regalado, M. S. (2025). Methodological Strategies to Enhance Motivation
and Academic Performance in Natural Sciences Didactics: A Systematic and Meta-Analytic Review. Education Sciences,
15(10), 1289. https://doi.org/10.3390/educscil5101289

Sweller, J., van Merrienboer, J. J. G., & Paas, F. G. W. C. (1998). Cognitive Architecture and Instructional Design. Educational
Psychology Review, 10(3), 251-296. https://doi.org/10.1023/A:1022193728205

Tarng, W., Ou, K.-L., Lu, Y.-C,, Shih, Y.-S., & Liou, H.-H. (2018). A Sun Path Observation System Based on Augment Reality and
Mobile Learning. Mobile Information Systems, 2018(1), 5950732. https://doi.org/10.1155/2018/5950732

Uchida, A., Michael, R. B., & Mori, K. (2018). An Induced Successful Performance Enhances Student Self-Efficacy and Boosts
Academic Achievement. AERA Open, 4(4), 2332858418806198. https://doi.org/10.1177/2332858418806198

Van Eck, N., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics,
84(2), 523-538. https://doi.org/10.1007/s11192-009-0146-3

Xu, W.-W,, Sy, C-Y, Hu, Y., & Chen, C.-H. (2022). Exploring the Effectiveness and Moderators of Augmented Reality on
Science Learning: a Meta-analysis. Journal of Science Education and Technology, 31(5), 621-637. https://doi.org/10.1007/
$10956-022-09982-z

https://doi.org/10.5281/zenodo.19691127 * Pages 227-240


https://doi.org/10.5281/zenodo.19691127
https://doi.org/10.1109/EITT.2019.00035
https://doi.org/10.3991/ijet.v12i11.7354
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/su16051741
https://www.proquest.com/openview/1a9a21e6b799ffe6c2ba0d2cf6809857
https://www.proquest.com/openview/1a9a21e6b799ffe6c2ba0d2cf6809857
https://doi.org/10.1007/s10643-019-00999-5
https://doi.org/10.3390/su15129628
https://doi.org/10.3390/su15129628
https://doi.org/10.3390/educsci10020026
https://doi.org/10.1016/j.compedu.2019.103710
https://doi.org/10.1007/s10639-023-12144-2
https://doi.org/10.4018/IJBDCN.341805
https://doi.org/10.14201/eks.30613
https://doi.org/10.35622/j.rie.2023.02.001
https://doi.org/10.3390/educsci15060690
https://doi.org/10.51698/aloma.2025.43.1.52-64
https://doi.org/10.51698/aloma.2025.43.1.52-64
https://doi.org/10.3390/educsci15101289
https://doi.org/10.1023/A:1022193728205
https://doi.org/10.1155/2018/5950732
https://doi.org/10.1177/2332858418806198
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s10956-022-09982-z
https://doi.org/10.1007/s10956-022-09982-z

	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63

	Button 6: 
	Page 1: 

	Button 5: 
	Page 1: 



