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TUniversity of Malaga, Boulevar Augmented, virtual, and mixed reality offer digital alternatives for implementing

Luis Pasteur 25, Mélaga 29010, innovative educational processes, significantly expanding opportunities in university
spain education due to the available resources and the psycho-evolutionary develop-

ment of students. This study aimed to analyze the scientific production on this topic

in Scopus using bibliometric techniques. Following the PRISMA statement, the final
sample comprised 1,257 articles published between 2014 and 2023, utilizing various
bibliometric analyses. The results indicate a surge in production over the last five years,
with most articles indexed in the areas of social sciences, engineering, and medicine,
aligning with the subject matter of the journals with the highest number of publica-
tions. While the United States and China are the most prolific countries, the leading
authors and institutions are predominantly from Spain. In addition to meta-analyses
and systematic reviews, the most cited articles focus on the use of augmented and vir-
tual reality in health sciences within universities. Makransky and Akcayir (bibliographic
coupling) are highlighted as the most influential authors, along with the duo Cabero
and Barroso in the field of educational sciences (co-citation). Emerging research areas
(co-occurrence) are oriented towards factors affecting learning processes with these
digital resources, such as motivation and anxiety management. In conclusion, further
research is needed to explore the potential of these resources for university training
due to their positive effects on learning.

Keywords: Augmented reality, Virtual reality, Mixed reality, University, Scientific
production

1 Preface

With their continuous evolution, technologies offer an ever-increasing range of digital
resources for teaching and learning processes. Due to their interactivity, dynamism, and
the heightened interest they generate among students, there is a growing commitment
to integrating emerging technologies into active teaching methodologies, which facili-
tate more meaningful knowledge acquisition (Chaljub et al., 2022). Notably, technologies
related to the metaverse stand out, where virtual spaces created through the conver-
gence of various technological resources (Aguilar et al., 2022) allow users to interact
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with each other and digital objects similarly to the real world, blurring the lines between
reality and virtuality. This enhances immersion, navigation, and interaction between
users (Cabero et al.,, 2022). Within the metaverse, technologies such as Augmented Real-
ity (AR) and Virtual Reality (VR) have played a crucial role in its design, development,
and implementation.

Augmented Reality (AR) is a technology that integrates digital information with the
real world in real-time (Rohrbach et al., 2021), overlaying images, videos, or other ele-
ments onto the physical environment (Reyes-Ruiz, 2022). This provides an enriched
and contextualized perspective with significant potential for educational development
(Cabero-Almenara & Barroso-Osuna, 2016). Virtual Reality (VR), in contrast, replaces
physical reality with virtual elements (Rauschnabel et al., 2022), creating a new reality
that may be difficult or impossible to experience in the real world (Moro et al., 2017).
This allows students to explore abstract concepts, engage in simulated practice, and
participate in immersive and contextualized learning activities (Berg & Lavance, 2017).
Mixed Reality (MR) combines both AR and VR to design a hybrid virtual environment.

While it is true that the use of VR and AR may require additional cognitive effort from
learners, as they have to shift their focus between real and virtual content (Buchner
et al,, 2021; Maradei et al., 2023), the positive effects on motivation (Aroca and Llorente,
2023; Redondo et al., 2020), cognitive processes (Huertas-Abril et al., 2021; Lépez et al.,
2019), and academic performance (Gémez et al., 2022) have a significantly higher impact
on the learning process (Bursali & Yilmaz, 2019; Fombona & Véazquez, 2017; Lai et al,,
2019).

Despite the increased prominence of VR and AR in education, the lack of digital com-
petencies among teachers to use these resources and create learning situations incor-
porating VR and AR is a significant issue (Barroso et al., 2019). While AR resources are
generally more accessible for teachers compared to VR-based resources (Alalwan et al.,
2020), implementing both requires explicit training on their creation and proper use,
as highlighted by Delgado et al. (2023). This training is essential for achieving a better
understanding of the educational applications of these immersive technologies (Marques
& Pombo, 2021).

The recent development of VR and AR technologies is driven by their benefits for
users and contextual factors that have led to a strong commitment to these resources.
Their impact on students with Specific Educational Needs (SEN) is particularly note-
worthy. For students with ASD, studies by Lépez et al. (2024) and Zhang et al. (2022)
highlight that the balanced integration of AR and VR in training processes enhances
motivation, attention, communication, autonomy, and learning outcomes. Addition-
ally, Amat et al. (2021) found that interactive AR and VR activities improve students’
autonomy and attention. For students with dyslexia, Ausin et al. (2023) emphasized
that using AR in a playful manner was beneficial, highlighting the quality of texts, the
narrative of the game, and the sequencing of activities. One factor that significantly
increased the use of virtual and augmented reality was the COVID-19 pandemic,
which forced training processes to adapt to online contexts amidst lockdowns and
restrictions (Infante-Moro et al., 2022). Numerous studies were conducted during this
pandemic (Eldokhny & Drwish, 2021; Laurens-Arredondo, 2022; Saleem et al., 2023).
As a result, the applicability of these resources expanded across all educational levels,
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with a particular emphasis on higher education. There has been extensive develop-
ment in health sciences, including their use in laboratory work (Akcayir et al., 2016;
Makransky et al., 2019a), medical education (Cabero-Almenara et al., 2017, 2018),
biology (Romero et al., 2023), and as a resource for therapeutic processes (Fan et al,,
2023; Ghasempeyvandi & Torkan, 2023; Liu et al., 2022).

The relevance of these topics is evident in the numerous analyses of research out-
put conducted in recent years. For augmented reality, studies have focused on early
childhood education (Fernindez & Duarte, 2023; Rivas et al., 2021), higher educa-
tion (Mukhtarkyzy et al., 2023; Utami et al., 2023), and education in general (Akcayir
& Akgcayir, 2017; Hincapie et al., 2021; Karakus et al.,, 2019). Virtual reality has been
examined at the compulsory school and university levels (Cabero-Almenra et al., 2019a;
Merchat et al., 2014; Pellas et al., 2021), as well as exclusively in higher education (Radi-
anti et al., 2020; Rashid et al., 2021). The combination of both technologies, known as
mixed reality, has also been studied to understand the evolution of their scientific out-
put (Angulo et al., 2023; Stretton et al., 2018; Zhao et al., 2023). Although this field has
been widely explored, there has not been a bibliometric analysis focusing exclusively on
higher education over the past 10 years.

Therefore, given the importance of these digital resources in the educational process at
university level, this study aimed to conduct a bibliometric analysis of the scientific pro-
duction on virtual, augmented, and mixed reality in the international database Scopus.

To this end, several research questions were established:

1) What have been the evolution and main characteristics of the scientific production
on virtual, augmented, and mixed reality?

2) Which authors have published the most influential works in this field of study?

3) What research trends have been emerging in this area?

2 Method

2.1 Approach

A bibliometric study was conducted to examine the status of research on virtual,
augmented, and mixed reality. This meta-analysis of scientific production (Gonzalez
et al., 2020; Khanra et al., 2020) established guidelines and criteria to analyze the evo-
lution of publications in this field of knowledge. Various variables were considered,
interpreting the findings both quantitatively and descriptively. This technique, derived
from scient metrics, has been implemented in many scientific works (Gil-Ferndndez
& Calderén-Garrido, 2023; Ruiz-Palmero et al., 2021; Segura-Robles et al., 2020).

2.2 Sample

From the various international databases, Scopus was selected for this study due to its
rigorous indexing quality criteria and its broad coverage of different knowledge areas
(Civico-Ariza et al., 2022; Zhang et al.,, 2023). The search query used was “virtual real-
ity” OR “augmented reality” OR “mixed reality” (within the title) AND “university”
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Fig. 1 Flowchart of the process for screening, curating, selecting, and including studies, based on the
PRISMA statement

Table 1 Study variables and inclusion / exclusion criteria

Variables Criteria of Inclusion/Exclusion

Year All articles in range 2014-2023

Subject area All subject areas with 80 or more articles
Author All authors with 5 or more articles
Journal All journal titles with 13 or more articles
Country All countries with 40 or more articles
Institution All institutions with 9 or more articles
Publications with most impact All articles with 350 or more citations

Source: authors’ own research

OR “higher education” (within the title, keywords, and abstract). This search returned
a total of 3,002 documents as of March 23, 2024.

2.3 Screening procedure

To the 3,002 documents returned by the search, several screening criteria were
applied, following the PRISMA statement as a reference (Fig. 1). During the cura-
tion process, all non-article documents were excluded, reducing the sample to 1,537
documents. In the selection process, only articles published within the past 10 years
(2014-2023) were considered, excluding those published earlier or later. The final
sample, after various screenings, comprised 1,257 articles in the following languages:
English (1,151; 91.57%), Spanish (52; 4.13%), Chinese (33; 2.62%), Russian (8; 0.64%),
French (6; 0.48%), German (5; 0.40%), and Portuguese (2; 0.16%). This dataset was
exported as comma-separated values (.csv) for further analysis.



Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 5 of 20

2.4 Analysis

For analyzing the evolution and characteristics of scientific production, various vari-
ables were considered (Table 1), which detail the inclusion and exclusion criteria
applied.

Bibliometric techniques were used to analyze the relationships between the articles in
the sample, with VOSviewer software employed for visualizing these connections. We
examined bibliographic coupling to identify the most influential publications based on
shared citations with related research. Co-citation analysis was used to reveal how fre-
quently different articles are cited together. Additionally, we analyzed keyword sets to
highlight the descriptors and key terms that define the content of the analyzed articles.

3 Results

To achieve the objectives of this work, this section is organized around the various bibli-
ometric techniques employed. It begins with an analysis of the scientific production and
is followed by examinations of bibliographic coupling, co-citation, and co-occurrence.

3.1 Analysis of scientific production
Using the 1,257 articles in the sample as a reference, the analysis is conducted based on
the various variables considered.

3.1.1 Year

Examining the last 10 complete years of the study period (2014-2023), a progressive
increase in the number of articles is evident from 2017 onward, with several notable
quantitative jumps (Fig. 2). In the first four years, the number remains steady at a total
of 123 articles, representing 9.79% of the total. However, from 2017 to 2018, the sam-
ple nearly doubles from 40 to 78 articles. This trend continues between 2018 and 2020,
where the count rises from 78 to 153, and between 2020 and 2023, it grows from 153 to
317. Thus, exponential growth is observed in the last six years, with the sample approxi-
mately doubling every two years, culminating in a peak of 317 articles in 2023, which
accounts for 25.22% of the total sample.

350
300
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200
150

100

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Fig. 2 Articles published by year
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Table 2 Subject area

Subject area Article
Social Sciences 589
Computer Science 432
Medicine 284
Engineering 256
Psychology 101
Arts and Humanities 81

Source: authors’ own research

Table 3 Most prolific authors at Scopus

Author Article Country Affiliation Cites Scopus Documents H-index
Scopus Scopus
Cabero 13 Spain University of Seville 2724 147 27
Vergara 10 Spain Catholic University of Avila 1388 148 22
Ferndndez-Arias 9 Spain Catholic University of Avila 406 43 12
Anton-Sancho 9 Spain Catholic University of Avila 298 47 10
Vazquez-Cano 7 Spain National University of Dis- 2059 119 23
tance Education
Lépez-Meneses 6 Spain Pablo de Olavide University 1383 84 22
Makransky 5 Denmark  University of Copenhagen 4441 80 30
Del Maestro 5 Canada McGill University 8287 188 53
Barroso 5 Spain University of Sevilla 974 42 17

Source: authors’ own research

3.1.2 Knowledge area

To analyze this variable, a threshold of 80 or more articles per area was set. It is impor-
tant to note that for indexing purposes, an article can be classified into multiple subject
areas based on its content (multi-classification criterion). Consequently, the total num-
ber of articles across all subject areas exceeds the overall number of analyzed articles
(1257), as illustrated in Table 2.

It is noteworthy that the social sciences, particularly due to their connection to educa-
tion, had the highest number of indexed articles (589). Other significant areas include
computer science (432) and engineering (256), reflecting the technological applica-
tions of virtual and mixed reality. Medicine, with 284 articles, ranks third, highlighting
its importance in higher education training processes and its potential for non-tangible
experimentation in the health field.

3.1.3 Authors
The analysis focused on the most prolific authors, defined as those who had published
at least five articles (Table 3). Additional indicators were included to provide context for
their research work beyond the study’s focus, such as their city of affiliation, total cita-
tions in Scopus, total documents published in Scopus, and the H-index in Scopus.

Julio Cabero from the University of Seville is the most prolific author on the subject,
with 13 articles. He is also the third most cited author and ranks third in terms of total
publications in Scopus within the sample. He is followed by the research team from the
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Catholic University of Avila, consisting of Vergara (10 articles), Fernindez-Arias (9 arti-
cles), and Antén-Sancho (nine articles), who publish jointly. While they are prolific in
this field, they do not rank among the top in other indicators of their overall scientific
production in Scopus. Notably, Spanish authors dominate, including former professors
from UNED, Pablo de Olavide University, and the University of Seville. Among the most
prolific authors, only two are from outside Spain (both with five articles), and they have
the best research metrics: Makransky (4,441 citations, H-index 30) and Del Maestro
(8,287 citations, H-index 53).

3.1.4 Journal
By setting the threshold at 13 or more articles, 12 journals meet the inclusion criteria
(see Table 4).

These journals can be categorized by their primary subject matter. In the realm of edu-
cational technology, Education and Information Technologies has the highest number of
articles (23), while Computers and Education has the fewest (13). Both are key journals
in this field, along with four others of note: Interactive Learning Environments, Virtual
Reality, International Journal of Emerging Technologies in Learning, and International
Journal of Interactive Mobile Technologies. There is also one general education journal,
Education Sciences by MDPL. In the health field, Journal of Surgical Education and BM]
Open are included, reflecting the high number of articles indexed in medicine. Journals
related to the environment and education include Sustainability and Journal of Chemi-
cal Education. Additionally, Applied Sciences is a general science journal represented in
this set. These findings underscore the significant presence of specialized journals that
address virtual and augmented reality within the context of higher education.

In addition to examining the most prolific journals according to the established inclu-
sion criteria, the dispersion of research output was analyzed using Bradford’s Law
(1934). This law illustrates the uneven distribution of publications on a research topic,
where the majority of publications are concentrated in a small number of journals, while
the remaining publications are spread across a large number of less specialized jour-
nals. Bradford’s Law helps identify journals that specialize in the subject under study

Table 4 Journals indexed in Scopus with the highest number of publications

Journal title Article
Education and Information Technologies 23
Education Sciences 21
Interactive Learning Environments 20
Virtual Reality 19
Applied Sciences 19
Sustainability 17
Journal of Chemical Education 16
International Journal of Emerging Technologies in Learning 16
International Journal of Interactive Mobile Technologies 15
Journal of Surgical Education 14
BMJ Open 14
Computer and Education 13

Source: authors’ own research



Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 8 of 20

Table 5 Dispersion of scientific production by areas

Zone No. of journals % of journals Article % of article
Core 42 6.03 418 3333
Zone 2 235 33.72 419 3333
Zone 3 420 60.25 420 3333

Source: authors’ own research

Table 6 Countries with more articles in Scopus

Country Article
United States 197
China 168
Spain 118
United Kingdom 80
Taiwan 62
Australia 62
Germany 47
Malaysia 44
Italy 40

Source: authors’ own research

by dividing the sample into three zones based on specialization: core, zone 2, and zone
3, ranging from highest to lowest specialization. As detailed in Table 5, the sample is
divided into these zones. The data reveal that 42 journals (6.03% of the total) focus spe-
cifically on virtual and augmented reality, with the 12 previously mentioned being the
most prominent. Another 235 journals (33.72% of the total) are specialized in the topic.
Finally, 420 journals (60.25%) have a low level of specialization in this field.

3.1.5 Countries
For countries, only those with a scientific production of 40 or more articles were
included, as detailed below (Table 6).

The results indicate that all continents except Africa are represented among the most
prolific countries. Notably, the United States leads with 197 articles, accounting for
15.67% of the total sample, while Australia has 62 articles. Asia, including China, Tai-
wan, and Malaysia, contributes 21.8% of the total, and Europe, represented by Spain,
the United Kingdom, Germany, and Italy, accounts for 22.67% of the total. Together, the
three most prolific countries—United States, China, and Spain—comprise 38.42% of the

total number of publications on the subject.

3.1.6 Institutions
For institutional affiliation, we focused on institutions that had produced nine or more
articles on the subject (see Table 7).

The University of Seville is the most prolific institution, with 24 articles. In second
place is Tecnol6gico de Monterrey (Mexico), which, despite not having any of the top
authors or meeting the production criteria for Mexico, still ranks highly. Conversely,
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Table 7 Institutions with more articles in Scopus

Institution Article
University of Seville 24
Monterrey Tech 11
National Taiwan University of Science and Technology 11
University of Cordoba 10
Catholic University of Avila 10
McGill University 9

University of Hong Kong 9
National University of Distance Education 9
University of Pablo de Olavide 9

Source: authors’ own research

institutions like the National Taiwan University of Science and Technology and the Uni-
versity of Hong Kong, from Taiwan and China respectively, are prominent in the list of
most prolific countries. McGill University, with nine articles, is notable as it includes Del
Maestro, one of the leading authors on the topic. Spain again stands out, with its univer-
sities representing 4.93% of the total number of articles from the most prolific institu-
tions in the country.

3.1.7 Publications with the greatest impact

This variable will be analyzed based on the number of citations, using a criterion that
includes articles with more than 350 total citations (see Table 8). Among the most cited
articles, Professor Akcayir from the University of Alberta (Canada) has two papers in the
top rankings (1st and 7th most cited). Additionally, the journal Computers and Educa-
tion, one of the top 12 most prolific journals, is represented twice in the list (second and
third most cited articles).

While we rank impact based on the total number of citations, citation intensity is
assessed by the number of citations per year. This means that the rankings of the first
and second most cited articles, as well as the third and fourth most cited articles, would
change if we used citation intensity as the criterion.

The most cited article is by Akcayir and Akgayir (2017), which provides a systematic
review of the literature on the impact of incorporating augmented reality into education,
highlighting its benefits and the changes it brings to the teaching and learning process.
In second place is the work by Radianti et al. (2020), another systematic review, but this
one focuses on immersive virtual reality in higher education. Although this paper has the
highest number of citations per year, it ranks second overall. The third most cited paper
is a meta-analysis by Merchat et al. (2014), which examines the effectiveness of virtual
reality for learning at both compulsory school stages and university. Such comprehen-
sive reviews are often widely cited because they provide a broad overview of the topic,
which is essential for researchers starting to explore the subject. The remaining papers
concentrated on research related to the study’s focus. For instance, Berg and Lavance
(2017) explored the impact of virtual reality on product design and manufacturing. In
another study, Makransky et al. (2019a) demonstrated that while the use of virtual reality
increased attendance in the science laboratory, it did not significantly affect the learning
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Table 8 Articles with more impact on Scopus

Autos Year Title Source Cited by Average number
of cited per year

Akcayir, M. & Akcayir, G 2017 Advantages and chal-  Educational Research 1168 166.86
lenges associated with  Review, 20, 1-11
augmented reality for
education: A systematic
review of literature

Radianti, J., Majchr- 2020 A systematic review of ~ Computers and Educa- 1091 272.75
zak, TA, Fromm, J. & immersive virtual reality tion, 147,103,778
Wohlgenannt, | applications for higher

education: Design ele-
ments, lessons learned,
and research agenda

Merchant, Z, Goetz, ET, 2014 Effectiveness of virtual ~ Computers and Educa- 970 97
Cifuentes, L., Keeney- reality-based instruc- tion, 70, 29-40

Kennicutt, W. & Davis, tion on students'learn-

TJ ing outcomes in K-12

and higher education:

A meta-analysis
Makransky, G, Terkild- 2019 Adding immersive vir-  Learning and Instruc- 644 128.8
sen, T.S. & Mayer, RE tual reality to a science  tion, 60, 225-236

lab simulation causes

more presence but less

learning
Berg, LP &Vance, JM 2017 Industry use of virtual ~ Virtual Reality, 21(1), 510 72.86
reality in product 1-17

design and manufac-
turing: a survey

Moro, C., Stromberga, 2017 The effectiveness of Anatomical Sciences 494 70.57
Z., Raikos, A. & Stirling, A virtual and augmented  Education, 10(6),

reality in health sci- 549-559

ences and medical

anatomy
Akgayir, M., Akcayir, G, 2016  Augmented reality Computers in Human 354 44.25
Pektas, H.M. & Ocak, in science laborato- Behavior, 57, 334-342
M.A ries: The effects of

augmented reality on
university students’
laboratory skills and
attitudes toward sci-
ence laboratories

Source: authors’own research

process. Additionally, Akcayir et al. (2016) investigated the impact of augmented real-
ity on students’ laboratory skills and their attitudes towards these workspaces. Lastly,
Moro et al. (2017) examined the effectiveness of both virtual and augmented reality in
the health sciences, specifically in the field of medical anatomy.

3.2 Bibliographic coupling

The purpose of this technique is to assess the impact of an article based on the scientific
literature reviewed, focusing on the degree of relationship and similarity with other pub-
lications in the sample. The key factor is the common references among the articles, ana-
lyzed through backward citation chaining. This method helps identify influential authors
within the study’s focus. We use authors as the unit of analysis, stipulating that each
author must have at least one published article and reach a minimum of 100 citations.

Page 10 of 20
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The relationship nodes generated from the 21 items meeting these criteria formed five
groups of authors, reflecting their interconnections (see Fig. 3).

In terms of coupling intensity, the blue cluster stands out, led by the team headed by
Makransky (University of Copenhagen). This team achieved the highest coupling inten-
sity (total link strength of 40-28) and has the fourth most cited work among those
included in this analysis (Makransky et al., 2019a). Following the blue cluster in intensity
are the yellow and red clusters, both influenced by the work of Prof. Ak¢ayir (University
of Alberta). Within the yellow cluster, Ak¢ayir & Akgayir (2017) is notable for having the
fourth highest intensity (total link strength of 26) and the most citations (1168). In the
red cluster, the collaboration with Turkish researchers (Akgayir et al., 2016) ranks fifth in
coupling intensity (total link strength of 25) and seventh in citations (354). It is impor-
tant to note that papers from the purple and blue clusters, despite having high citation
counts (e.g., Berg & Vance, 2017; Merchat et al., 2014; Moro et al., 2017; Radianti et al.,
2020), exhibit very low coupling intensity (<6 total link strength).

3.3 Co-citation and co-occurrence analysis

To identify the most relevant topics within the thematic focus of the investigation, two
techniques were employed: co-citation analysis and co-occurrence analysis of keywords.
Co-citation analysis examines how often different publications are cited together, while
co-occurrence analysis of keywords looks at the frequency of word sets and the concep-
tual connections between them.

For co-citation analysis, a minimum of 90 citations was used as a criterion, which
was met by 18 items (see Fig. 4). This analysis generated three sets of co-citations based
on authors who are frequently cited together. Notable among these are the co-citation
intensities of publications by Cabero (total link strength 1082) and Barroso (total link
strength 888), both from the University of Seville, as well as Mayer (total link strength
849) and Makransky (total link strength 807), from the University of California and the
University of Copenhagen, respectively.

Regarding the co-occurrence of descriptors, the analysis of a sample of 1,257 articles
revealed that authors proposed 3,268 keywords, and the articles were indexed with 4,334
keywords, totaling 6,719 keywords. Among these, 54 keywords appeared together more
than 30 times in the articles within the sample (see Fig. 5). This resulted in the creation of
four co-occurrence clusters, based on the frequent joint appearance of these keywords.

The descriptors with the highest frequency include the Boolean terms “virtual real-
ity” (728) and “augmented reality” (354). These are followed by terms related to the
sample, such as “human” (333), “humans” (240), “female” (175), and “male” (164). Nota-
bly, terms associated with the educational process, like “learning” (114) and “teaching”
(108), as well as research elements such as “questionnaire” (65), “controlled study” (157),
and “human experiment” (74), are also prominent. Additionally, factors relevant to the
study’s focus, such as “motivation” (37) and “anxiety” (43), are important, as well as the
inclusion of these elements in educational plans through the “curriculum” (30). Elements
related to educational technology and its development, such as “e-learning” (136), “com-
puter simulation” (32), “technology” (38), and “immersive virtual reality” (37), are also
highlighted.
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4 Discussion and conclusions

The bibliometric analysis of scientific production highlights the peak of virtual and aug-
mented reality in the academic environment. These technologies are continually evolv-
ing, drawing in new researchers, and fostering collaborative efforts among scientists.
This has led to numerous research avenues that are expected to be explored further in
the future.

The results indicate that virtual and augmented reality have become increasingly
established topics in the academic world, with a notable surge in research over the past
five years, comprising 84.01% of the analyzed articles. Social sciences, engineering, and
medicine are the primary fields with the highest number of related publications. Span-
ish researchers are particularly prominent among the leading authors, with established
research teams such as those from the Catholic University of Avila (Vergara, Ferndndez-
Arias, and Anton-Sancho) and collaborations between the universities of Seville (Sevilla
[Cabero and Barroso] and Pablo de Olavide [L6opez-Meneses]) and UNED (Véazquez-
Cano). Notable exceptions include Makransky from Denmark and Del Maestro from
Canada. The most prolific journals are those specialized in virtual and mixed reality,
as described by Bradford’s Law (1934). These journals predominantly cover the field of
educational technology, though there is also notable representation from science and
medicine, reflecting the indexing areas. The United States and China lead in research
production, with Spain ranking third, largely because seven of the nine most prolific
authors in this field are based there. Spanish universities, especially those in Seville, are
also at the forefront of scientific production. An exception is the Tecnolégico de Mon-
terrey, which ranks highly despite Mexico not being among the top-producing countries
and its authors not being among the most prolific. In terms of impact and relevance, the
most cited articles extend beyond meta-analyses (e.g., Merchat et al., 2014) and system-
atic reviews (e.g., Akcayir & Akcayir, 2017; Radianti et al., 2020). They primarily focus on
the use of augmented and virtual reality in the teaching of health sciences at the higher
education level (e.g., Akcayir et al., 2016; Makransky et al., 2019a). This emphasis helps
explain why the field of medicine is frequently indexed in these publications.

When considering the most influential authors cited in key studies on the topic, the
work of Makransky and his team stands out. Their contributions include research on
how virtual reality increases student attendance in science laboratories (Makransky
et al., 2019a), the emotional impact of virtual reality on student learning (Makransky &
Lilleholt, 2018), and the differences between using virtual reality at home as opposed
to the classroom (Makransky et al., 2019b). Also noteworthy is the research by Akgcayir,
which focuses on the use of augmented reality in science laboratories (Akcayir et al.,
2016), as well as the highly cited systematic review on augmented reality by Akcayir &
Akgayir (2017).

In the co-citation analysis, the notable contributions of Cabero and Barroso are evi-
dent. Their work primarily focuses on the use of augmented reality with university
students, covering areas such as educational sciences (2019b) and medicine (2017),
as well as mixed reality for teaching mathematics to architecture students (2021).
Similarly, Meyer and Makransky are highlighted for their research on the impact of
virtual reality in laboratories and the differences between its application in the class-
room versus at home (Makransky et al., 2019a, 2019b). Given that Boolean terms have
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defined the core themes of research in this field, the teaching process—both face-to-
face (Alfalah, 2018; Cooper et al., 2019; Marks & Thomas, 2022) and online (Baab-
dullah et al.,, 2022; Saidani et al., 2021; Saleem et al., 2023)—as well as learning with
immersive technologies (Makransky & Petersen, 2019; Mystakidis et al., 2022; Shen
et al., 2019), is a predominant focus among key studies. Additionally, two key themes
related to the learning process stand out in the context of virtual and augmented real-
ity, both of which increasingly impact cognitive abilities. First, motivation plays a
crucial role in enhancing interest in learning. This has been observed with both vir-
tual reality (Hu, 2023; Kapustina & Zikeeva, 2021; Lin & Wang, 2021) and augmented
reality (Cabero-Almenara & Roig-Vila, 2019; Chin et al.,, 2019; Laurens-Arredondo,
2022; Lin & Wang, 2023). Second, there has been significant research into how train-
ing programs using virtual and augmented reality can address various types of anxi-
ety (Barabanschikov & Selivanov, 2023; Ghasempeyvandi & Torkan, 2023; Selivanov
et al., 2023; Tath & Karadag, 2023; Xu et al., 2021). This research not only explores the
potential benefits for learning but also examines variables that might have a negative
impact and require careful management.

This study has helped identify key works and authors in the field, as well as estab-
lished and emerging research trends. Moving forward, scientific progress in virtual and
augmented reality should focus on consolidating new topics while building on existing
evidence. Virtual and augmented reality are now well established within the realm of
digital resources. To fully harness their potential, it is essential to invest in infrastruc-
ture, resources, training, and research.

One limitation of studying scientific production is the exclusion of publications from
various databases, particularly major international ones like Web of Science, ERIC, or
Scielo. While this may appear to be a limitation, it is important to note that the decision
was made to avoid potential duplication of records and to ensure the quality of index-
ing criteria provided by Scopus, which helps ensure that the sample is representative
of the study phenomenon. Additionally, changing the time frame of the sample could
have affected the observed results. Narrowing the focus to only the most recent research
might have highlighted current trends, while expanding the timeframe could have
included foundational studies that influenced the field over the past decade.

Future research could enhance the analysis of scientific production by incorporating
additional analytical techniques. Complementing this study with a systematic review
that targets specific areas of university knowledge would be beneficial. For instance,
focusing on the field of education could involve examining the impact of virtual and
mixed reality on learning processes, including variables such as academic performance,
motivation, and student attention levels. Additionally, investigating emerging topics
could further consolidate our understanding of virtual and augmented reality in these
areas.

Acknowledgements
Not applicable.

Authors’ contributions

Conceptualization: ECM; Data curation: ACA; Formal analysis: ECM; Investigation: ECM and ACA; Methodology: ACA;
Software: FDGG; Supervision: JRP; Validation: JRP and FDGG,; Visualization: JRP and FDGG; Writing — original draft: ECM,
and ACA; Writing - review & editing: JRP and FDGG.

Funding
Not applicable.



Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 17 of 20

Data availability
The datasets the current study available in the Scopus database. The datasets analysed available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 29 November 2024 Accepted: 10 January 2025
Published online: 04 March 2025

References

Aguilar, F, Flores, J. A, Herndndez, C. A., y Pacheco, D. (2022). Disefio e implementacién de un simulador basado en
realidad aumentada movil para la ensenanza de la fisica en la educacion superior. Edutec. Revista Electrénica De
Tecnologia Educativa, (80), 66-83. https://doi.org/10.21556/edutec.2022.80.2509

Akgayir, M., & Akcayir, G. (2017). Advantages and challenges associated with augmented reality for education: A
systematic review of the literature. Educational Research Review, 20, 1-11. https://doi.org/10.1016/j.edurev.2016.
11.002

Akgayir, M., Akcayir, G, Pektas, H. M., & Ocak, M. A. (2016). Augmented reality in science laboratories: The effects of
augmented reality on university students’laboratory skills and attitudes toward science laboratories. Computers in
Human Behavior, 57,334-342. https://doi.org/10.1016/j.chb.2015.12.054

Alalwan, N., Cheng, L, Al-Samarraie, H., Yousef, R, Alzahrani, A, & Sarsam, S. (2020). Challenges and Prospects of Virtual
Reality and Augmented Reality Utilization among Primary School Teachers: A Developing Country Perspective. Stud-
ies in Educational Evaluation, 66, 100876. https://doi.org/10.1016/j.stueduc.2020.100876

Alfalah, S. F. M. (2018). Perceptions toward adopting virtual reality as a teaching aid in information technology. Education
and Information Technologies, 23, 2633-2653. https://doi.org/10.1007/510639-018-9734-2

Amat, A. Z., Zhao, H.,, Swanson, A, Weitlauf, A. S., Warren, Z., & Sarkar, N. (2021). Design of an interactive virtual reality
system, InVIRS, for joint attention practice in autistic children. IEEE Transactions on Neural Systems and Rehabilitation
Engineering, 29, 1866-1876. https://doi.org/10.1109/TNSRE.2021.3108351

Angulo, G. A, Lewis, F, Plante, P, & Brassard, C. (2023). Estado del arte sobre el uso de la realidad virtual, la realidad
augmentada y el video 360° en educacion superior. Edutec. Revista Electrénica De Tecnologia Educativa, (84), 35-51.
https://doi.org/10.21556/edutec.2023.84.2769

Aroca, C, y Llorente, C. (2023). Disefo, construccion y validacién de rdbrica para medir la motivacién en Educacién Infan-
til con el uso de Realidad Aumentada. Innoeduca. International Journal of Technology and Educational Innovation, 9(1),
143-156. https://doi.org/10.24310/innoeduca.2023.v9i1.14237

Ausin, V., Rodriguez, S., Delgado, V., & Toma, R. B. (2023). Evaluation of an augmented reality APP for children with dyslexia:
a pilot study. Pixel-Bit. Revista De Medios Y Educacidn, (66), 87-111. https://doi.org/10.12795/pixelbit.95632

Baabdullah, A. M., Alsulaimani, A. A, Allamnakhrah, A., Alalwan, A. A, Dwivedi, Y. K, & Rana, N. P. (2022). Usage of
augmented reality (AR) and development of e-learning outcomes: An empirical evaluation of students’e-learning
experience. Computers & Education, 177, 104383. https://doi.org/10.1016/j.compedu.2021.104383

Barabanschikov V.A,, & Selivanov V.V. (2023). Reducing Anxiety and Depression through Programs on a High Immersive
Virtual Reality Headset. Experimental Psychology (Russia), 16(2), 36-48. https://doi.org/10.17759/exppsy.2023160203

Barroso, J, Gutiérrez, J. J, Llorente, M., & d. C, & Valencia, R. (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

Berg, L. P, & Vance, J. M. (2017). Industry use of virtual reality in product design and manufacturing: A survey. Virtual Real-
ity, 21(1), 1-17. https://doi.org/10.1007/510055-016-0293-9

Buchner, J, Buntins, K, & Kerres, M. (2021). A systematic map of research characteristics in studies on augmented reality
and cognitive load. Computers and Education Open, 2, 100036.https://doi.org/10.1016/j.cae0.2021.100036

Bursali, H., &Yilmaz, R. (2019). Effect of augmented reality applications on secondary school students'reading compre-
hension and learning permanency. Computers in Human Behavior, 95, 126-135. https://doi.org/10.1016/j.chb.2019.
01.035

Cabero-Almenara, J, Barroso, J, Puentes, A, & Cruz, . (2018). The use of augmented reality in the Medical teaching of
Anatomy: Student’s acceptance and motivation. Revista Cubana De Educacidn Médica Superior, 32(4), 56-69.

Cabero-Almenara, J., Barroso Osuna, J. M., & Martinez Roig, R. (2021). Mixed, Augmented and Virtual, Reality Applied to
the Teaching of Mathematics for Architects. Applied Sciences, 11(15), 7125. https://doi.org/10.3390/app11157125

Cabero-Almenara, J., & Barroso-Osuna, J. (2016). The educational possibilities of Augmented Reality. Journal of New
Approaches in Educational Research, 5(1), 44-50. https://doi.org/10.7821/naer.2016.1.140

Cabero-Almenara, J., Barroso-Osuna, J,, & Llorente-Cejudo, M.d.C,, & Ferndndez Martinez, M.d.M. (2019a). Educational uses
of Augmented Reality (AR): Experiences in Educational Science. Sustainability, 11(18), 4990. https://doi.org/10.3390/
su11184990


https://doi.org/10.21556/edutec.2022.80.2509
https://doi.org/10.1016/j.edurev.2016.11.002
https://doi.org/10.1016/j.edurev.2016.11.002
https://doi.org/10.1016/j.chb.2015.12.054
https://doi.org/10.1016/j.stueduc.2020.100876
https://doi.org/10.1007/s10639-018-9734-2
https://doi.org/10.1109/TNSRE.2021.3108351
https://doi.org/10.21556/edutec.2023.84.2769
https://doi.org/10.24310/innoeduca.2023.v9i1.14237
https://doi.org/10.12795/pixelbit.95632
https://doi.org/10.1016/j.compedu.2021.104383
https://doi.org/10.17759/exppsy.2023160203
https://doi.org/10.7821/naer.2019.7.409
https://doi.org/10.1007/s10055-016-0293-9
https://doi.org/10.1016/j.caeo.2021.100036
https://doi.org/10.1016/j.chb.2019.01.035
https://doi.org/10.1016/j.chb.2019.01.035
https://doi.org/10.3390/app11157125
https://doi.org/10.7821/naer.2016.1.140
https://doi.org/10.3390/su11184990
https://doi.org/10.3390/su11184990

Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 18 of 20

Cabero-Almenara, J., Barroso-Osuna, J., & Obrador, M. (2017). Augmented reality applied to the teaching of medicine.
Educacion Médica, 18(3), 203-208. https://doi.org/10.1016/j.edumed.2016.06.015

Cabero-Almenara, J., Ferndndez-Batanero, J. M., & Barroso-Osuna, J. (2019b). Adoption of augmented reality technology
by university students. Heliyon, 5(5), e01597. https://doi.org/10.1016/j.heliyon.2019.e01597

Cabero-Almenara, J., Llorente-Cejudo, C, & y Martinez-Roig, R. (2022). The Use of Mixed, Augmented and Virtual Reality in
History of Art Teaching: A Case Study. Applied System Innovation, 5(3), 44. https://doi.org/10.3390/asi5030044

Cabero-Almenara, J., & Roig-Vila, R. (2019). The motivation of technological scenarios in augmented reality (AR): Results of
different experiments. Applied Sciences, 9(14), 2907. https://doi.org/10.3390/app9142907

Chaljub, J,, Peguero, J. R, & Mendoza Torres, E. (2022). Uso de la Realidad Aumentada como herramienta de motivacién
para la ensefianza de los elementos de la Tabla Periddica Edutec. Revista Electrdnica De Tecnologia Educativa, (80),
50-65. https://doi.org/10.21556/edutec.2022.80.2293

Chin, K.Y, Wang, C. S, & Chen, Y. L. (2019). Effects of an augmented reality-based mobile system on students'learning
achievements and motivation for a liberal arts course. Interactive Learning Environments, 27(7), 927-941. https.//doi.
org/10.1080/10494820.2018.1504308

Civico Ariza, A, Linde-Valenzuela, T, Gomez Garcia, M., & Colomo Magana, E. (2022). Twitter y aprendizaje en la universi-
dad: andlisis de la produccion cientifica en Scopus. Edutec. Revista Electrénica De Tecnologia Educativa, (80), 131-148.
https://doi.org/10.21556/edutec.2022.80.2281

Cooper, G, Park, H., Nasr, Z, Thong, L. P, & Johnson, R. (2019). Using virtual reality in the classroom: Preservice teachers’
perceptions of its use as a teaching and learning tool. Educational Media International, 56(1), 1-13. https://doi.org/
10.1080/09523987.2019.1583461

Delgado, S, Carrascal, S., & Garcia, R. (2023). Design, Development and Validation of an Educational Methodology Using
Immersive Augmented Reality for STEAM Education. Journal of New Approaches in Educational Research, 12(1), 19-39.
https://doi.org/10.7821/naer.2023.1.1250

Eldokhny, A. A, & Drwish, A. M. (2021). Effectiveness of Augmented Reality in Online Distance Learning at the Time of the
COVID-19 Pandemic. International Journal of Emerging Technologies in Learning (iJET), 16(09), 198-218. https.//doi.
org/10.3991/ijet.v16i09.17895

Fan, T, Wang, X, Song, X, Zhao, G., & Zhang, Z. (2023). Research Status and Emerging Trends in Virtual Reality Rehabilita-
tion: Bibliometric and Knowledge Graph Study. JMIR Serious Games, 11, e41091. https://doi.org/10.2196/41091

Ferndndez, B., & Duarte, A. (2023). Analysis of scientific production in WOS on augmented reality and early childhood
education. Innoeduca. International Journal of Technology and Educational Innovation, 9(2), 82-95. https://doi.org/10.
24310/innoeduca.2023.v9i2.15189

Fombona, J., & Vézquez, E. (2017). Possibilities for the use of geolocation and Augmented Reality in the educational field.
Education XX1, 20(1), 319-342. https://doi.org/10.5944/educxx1.19046

Ghasempeyvandi, M., & Torkan, H. (2023). The effect of virtual reality exposure therapy on focus of attention, self-criticism,
and interpretation bias in university students with social anxiety. Journal of Education and Health Promotion, 12, 310.
https://doi.org/10.4103/jehp.jehp_1742_22

Gil-Ferndndez, R, & Calderén-Garrido, D. (2023). Challenges of social media in education. Review and bibliometric
analysis of scientific production to map trends and perspectives . Innoeduca. International Journal of Technology and
Educational Innovation, 9(2), 51-67. https://doi.org/10.24310/innoeduca.2023.v9i2.16340

Goémez, H.C, Martin, J,, y Valencia, BK. (2022). Entrenamiento Basado en Realidad Aumentada para Mejorar Habilidades
Espaciales y Rendimiento Académico en Estudiantes de Ingenieria. Digital Education Review, 42, 306-322. https://
doi.org/10.1344/der.2022.41.306-322

Gonzélez, E., Colomo, E,, & Civico, A. (2020). Quality Education as a Sustainable Development Goal in the Context of 2030
Agenda: Bibliometric Approach. Sustainability, 12(15), €5884. https://doi.org/10.3390/s5u12155884

Hincapie, M., Diaz, C,, Valencia, A, Contero, M., & Gliemes-Castorena, D. (2021). Educational applications of augmented
reality: A bibliometric study. Computers & Electrical Engineering, 93, 107289. https://doi.org/10.1016/j.compeleceng.
2021.107289

Hu, Z. (2023). Virtual Reality-Based Cooperative Learning in Physical Education: Ways to Improve Physical Performance
and Motivation of Students. International Journal of Human-Computer Interaction, 1-12. https://doi.org/10.1080/
10447318.2023.2297331

Huertas-Abril, CA, Figueroa-Flores, J.F, Gdbmez-Parra, M.E., Rosa-Davila, E., & Huffman, L.F. (2021). Augmented reality for
ESL/EFL and bilingual education: an international comparison. Educacidn XX1, 24(2), 189-208. https://doi.org/10.
5944/educXX1.28103

Infante-Moro, A, Infante-Moro, J,, & Gallardo-Pérez, J. (2022). Key Factors in the Success of Virtualization of Teaching
in Spanish Universities During the COVID-19 Pandemic. Journal of New Approaches in Educational Research, 11(2),
277-294. httpsy//doi.org/10.7821/naer.2022.7.1002

Kapustina V.U, & Zikeeva, E.A. (2021). Formation of Educational Motivation and Thinking in Students by Means of Virtual
Reality. Experimental Psychology (Russia),14(1), 51-63. https://doi.org/10.17759/exppsy.2021000005

Karakus, M., Ersozlu, A, & Clark, A. C. (2019). Augmented Reality Research in Education: A Bibliometric Study. Eurasia Jour-
nal of Mathematics, Science and Technology Education, 15(10), em1755. https://doi.org/10.29333/ejmste/103904

Khanra, S., Dhir, A, & Mantymaki, M. (2020). Big data analytics and enterprises: A bibliometric synthesis of the literature.
Enterprise Information Systems, 14(6), 737-768. https://doi.org/10.1080/17517575.2020.1734241

Lai, A.F, Chen, C.H, &Lee, G.Y. (2019). An augmented reality-based learning approach to enhancing students’science
reading performances from the perspective of the cognitive load theory. British Journal of Educational Technology,
50(1), 232-247. https://doi.org/10.1111/bjet. 12716

Laurens-Arredondo, L. (2022). Mobile augmented reality adapted to the ARCS model of motivation: A case study
during the COVID-19 pandemic. Education and Information Technologies, 27, 7927-7946. https://doi.org/10.1007/
510639-022-10933-9

Lin, Y. J, &Wang, H-C. (2021). Using virtual reality to facilitate learners’ creative self-efficacy and intrinsic motivation in an
EFL classroom. Education and Information Technologies, 26, 4487-4505. https://doi.org/10.1007/510639-021-10472-9


https://doi.org/10.1016/j.edumed.2016.06.015
https://doi.org/10.1016/j.heliyon.2019.e01597
https://doi.org/10.3390/asi5030044
https://doi.org/10.3390/app9142907
https://doi.org/10.21556/edutec.2022.80.2293
https://doi.org/10.1080/10494820.2018.1504308
https://doi.org/10.1080/10494820.2018.1504308
https://doi.org/10.21556/edutec.2022.80.2281
https://doi.org/10.1080/09523987.2019.1583461
https://doi.org/10.1080/09523987.2019.1583461
https://doi.org/10.7821/naer.2023.1.1250
https://doi.org/10.3991/ijet.v16i09.17895
https://doi.org/10.3991/ijet.v16i09.17895
https://doi.org/10.2196/41091
https://doi.org/10.24310/innoeduca.2023.v9i2.15189
https://doi.org/10.24310/innoeduca.2023.v9i2.15189
https://doi.org/10.5944/educxx1.19046
https://doi.org/10.4103/jehp.jehp_1742_22
https://doi.org/10.24310/innoeduca.2023.v9i2.16340
https://doi.org/10.1344/der.2022.41.306-322
https://doi.org/10.1344/der.2022.41.306-322
https://doi.org/10.3390/su12155884
https://doi.org/10.1016/j.compeleceng.2021.107289
https://doi.org/10.1016/j.compeleceng.2021.107289
https://doi.org/10.1080/10447318.2023.2297331
https://doi.org/10.1080/10447318.2023.2297331
https://doi.org/10.5944/educXX1.28103
https://doi.org/10.5944/educXX1.28103
https://doi.org/10.7821/naer.2022.7.1002
https://doi.org/10.17759/exppsy.2021000005
https://doi.org/10.29333/ejmste/103904
https://doi.org/10.1080/17517575.2020.1734241
https://doi.org/10.1111/bjet.12716
https://doi.org/10.1007/s10639-022-10933-9
https://doi.org/10.1007/s10639-022-10933-9
https://doi.org/10.1007/s10639-021-10472-9

Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 19 of 20

Lin, Y. J, &Wang, H-C. (2023). Applying augmented reality in a university English class: Learners’ perceptions of creativity
and learning motivation. Innovation in Language Learning and Teaching, 17(2), 291-305. https://doi.org/10.1080/
17501229.2022.2040513

Liu, Z, Ren, L, Xiao, C, Zhang, K., & Demian, P. (2022). Virtual Reality Aided Therapy towards Health 4.0: A Two-Decade
Bibliometric Analysis. International journal of environmental research and public health, 19(3), 1525. https://doi.org/10.
3390/ijerph19031525

Lopez, J, Duo, P, Moreno, A--J, y Marin, J.-A. (2024). Efectos de la realidad aumentada y virtual en estudiantes con TEA.
Pixel-Bit. Revista De Medios Y Educacidn. https://doi.org/10.12795/pixelbit.103789

Lopez, J, Pozo, J.S. y Lopez, G. (2019). La eficacia de la realidad aumentada en las aulas de infantil: un estudio del aprendi-
zaje de SVB RCP en discentes de 5 afios. Pixel bit. Revista de Medios y Educacidn, (55), 157-178. https://doi.org/10.
12795/pixelbit.2019.i55.09

Makransky, G., & Lilleholt, L. (2018). A structural equation modeling investigation of the emotional value of immersive
virtual reality in education. Educational Technology Research and Development, 66, 1141-1164. https://doi.org/10.
1007/511423-018-9581-2

Makransky, G., Mayer, R. E,, Veitch, N, Hood, M., Christensen, K. B, & Gadegaard, H. (2019a). Equivalence of using a desktop
virtual reality science simulation at home and in class. PLoS ONE, 14(4), e0214944. https://doi.org/10.1371/journal.
pone.0214944

Makransky, G., & Petersen, G. B. (2019). Investigating the process of learning with desktop virtual reality: A structural equa-
tion modeling approach. Computers & Education, 134, 15-30. https://doi.org/10.1016/j.compedu.2019.02.002

Makransky, G, Terkildsen, T. S., & Mayer, R. E. (2019b). Adding immersive virtual reality to a science lab simulation causes
more presence but less learning. Learning and Instruction, 60, 225-236. https://doi.org/10.1016/j.learninstruc.2017.
12.007

Maradei, F, Bautista, L. E.,, & Pedraza, G. (2023). Cognitive load and mental effort during context switching in augmented
reality environments for procedural learning purposes. Pixel-Bit. Revista De Medios Y Educacidn, (68), 305-340. https://
doi.org/10.12795/pixelbit.97479

Marks, B, & Thomas, J. (2022). Adoption of virtual reality technology in higher education: An evaluation of five teaching
semesters in a purpose-designed laboratory. Education and Information Technologies, 27, 1287-1305. https://doi.org/
10.1007/510639-021-10653-6

Marques, M., & Pombo, L. (2021). The Impact of Teacher Training Using Mobile Augmented Reality Games on Their Profes-
sional Development. Education Sciences, 11(8), 404. https://doi.org/10.3390/educsci1 1080404

Merchant, Z, Goetz, E. T, Cifuentes, L., Keeney-Kennicutt, W,, & Davis, T. J. (2014). Effectiveness of virtual reality-based
instruction on students’learning outcomes in K-12 and higher education: A meta-analysis. Computers and Education,
70, 29-40. https://doi.org/10.1016/j.compedu.2013.07.033

Moro, C., §tromberga, 7. Raikos, A, & Stirling, A. (2017). The effectiveness of virtual and augmented reality in health sci-
ences and medical anatomy. Anatomical Sciences Education, 10(6), 549-559. https://doi.org/10.1002/ase.1696

Mukhtarkyzy, K., Abildinova, G, Serik, M., Kariyeva, K., & Sayakov, O. (2023). Systematic Review of Augmented Reality
Methodologies for High School Courses. International Journal of Engineering Pedagogy (iJEP), 13(4), 79-92. https://
doi.org/10.3991/ijep.v13i4.38165

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.org/
10.1007/510639-021-10682-1

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

Radianti, J, Majchrzak, T. A, Fromm, J., & Wohlgenannt, I. (2020). A systematic review of immersive virtual reality applica-
tions for higher education: Design elements, lessons learned, and research agenda. Computers and Education, 147,
103778. https://doi.org/10.1016/j.compedu.2019.103778

Rashid, S., Khattak, A., Ashig, M., Ur Rehman, S., & Rashid, M. (2021). Educational landscape of virtual reality in higher
education: Bibliometric evidences of publishing patterns and emerging trends. Publications, 9(2), 17. https://doi.org/
10.3390/publications9020017

Rauschnabel, Ph,, Felix, R, Hinsch, Ch., Shahab, H., & Alt, F. (2022). What is XR? Towards a Framework for Augmented and
Virtual Reality. Computers in Human Behavior, 133, 107289. https://doi.org/10.1016/j.chb.2022.107289

Redondo, B, Cézar, R, Gonzalez-Calero, J. A, & Sanchez, R. (2020). Integration of Augmented Reality in the Teaching Of
English as a Foreing Language in Early Chlidhood Education. Early Childhood Education Journal, 48, 147-155. https://
doi.org/10.1007/510643-019-00999-5

Reyes Ruiz, G. (2022). Augmented reality as an innovative and efficient technology for language learning in a Flipped
Learning pedagogical model. Pixel-Bit. Media and Education Journal, (65), 7-36. https://doi.org/10.12795/pixelbit.
93478

Rivas, B, Gértrudix, F, & Gértrudix, M. (2021). Andlisis sistematico sobre el uso de la Realidad Aumentada en Educacion
Infantil. Edutec. Revista Electrénica De Tecnologia Educativa, (76), 53—73. https://doi.org/10.21556/edutec.2021.76.2053

Rohrbach, N., Hermsdorfer, J, Huber, L. M., Thierfelder, A, & Buckingham, G. (2021). Fooling the size-weight illusion-Using
augmented reality to eliminate the effect of size on perceptions of heaviness and sensorimotor prediction. Virtual
Reality, 25, 1061-1070. https://doi.org/10.1007/510055-021-00508-3

Romero, J. M, Cabero, J, & Gallego, O. (2023). Realidad Aumentada como recurso didéctico para el aprendizaje de
Biologia: un estudio exploratorio desde la percepcion de los estudiantes universitarios. Edutec. Revista Electrénica De
Tecnologia Educativa, (84), 52-69. https://doi.org/10.21556/edutec.2023.84.2867

Ruiz-Palmero, J, Lépez-Alvarez, D, & Sdnchez-Rivas, E. (2021). A review of the scientific production on MOOCs from 2016
t0 2019 using SCOPUS. Pixel-Bit. Revista De Medios Y Educacion, (60), 95-107. https://doi.org/10.12795/pixelbit.77716

Saidani, N. O, Setiawan, R, Jayanthi, P, Vanithamani, S, Sharma, D. K., Regin, R, Mani, D., & Sengan, S. (2021). An educa-
tional tool for enhanced mobile e-Learning for technical higher education using mobile devices for augmented
reality. Microprocessors and Microsystems, 83, 104030. https://doi.org/10.1016/j.micpro.2021.104030


https://doi.org/10.1080/17501229.2022.2040513
https://doi.org/10.1080/17501229.2022.2040513
https://doi.org/10.3390/ijerph19031525
https://doi.org/10.3390/ijerph19031525
https://doi.org/10.12795/pixelbit.103789
https://doi.org/10.12795/pixelbit.2019.i55.09
https://doi.org/10.12795/pixelbit.2019.i55.09
https://doi.org/10.1007/s11423-018-9581-2
https://doi.org/10.1007/s11423-018-9581-2
https://doi.org/10.1371/journal.pone.0214944
https://doi.org/10.1371/journal.pone.0214944
https://doi.org/10.1016/j.compedu.2019.02.002
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.12795/pixelbit.97479
https://doi.org/10.12795/pixelbit.97479
https://doi.org/10.1007/s10639-021-10653-6
https://doi.org/10.1007/s10639-021-10653-6
https://doi.org/10.3390/educsci11080404
https://doi.org/10.1016/j.compedu.2013.07.033
https://doi.org/10.1002/ase.1696
https://doi.org/10.3991/ijep.v13i4.38165
https://doi.org/10.3991/ijep.v13i4.38165
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1007/s10055-020-00489-9
https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.3390/publications9020017
https://doi.org/10.3390/publications9020017
https://doi.org/10.1016/j.chb.2022.107289
https://doi.org/10.1007/s10643-019-00999-5
https://doi.org/10.1007/s10643-019-00999-5
https://doi.org/10.12795/pixelbit.93478
https://doi.org/10.12795/pixelbit.93478
https://doi.org/10.21556/edutec.2021.76.2053
https://doi.org/10.1007/s10055-021-00508-3
https://doi.org/10.21556/edutec.2023.84.2867
https://doi.org/10.12795/pixelbit.77716
https://doi.org/10.1016/j.micpro.2021.104030

Magana et al. Journal of New Approaches in Educational Research (2025) 14:8 Page 20 of 20

Saleem, M., Kamarudin, S., Shoaib, H. M., & Nasar, A. (2023). Influence of augmented reality app on intention towards
e-learning amidst COVID-19 pandemic. Interactive Learning Environments, 31(5), 3083-3097. https://doi.org/10.1080/
10494820.2021.1919147

Segura-Robles, A, Parra-Gonzélez, M., & Gallardo-Vigil, M. (2020). Bibliometric and Collaborative Network Analysis on
Active Methodologies in Education. Journal of New Approaches in Educational Research, 9(2), 259-274. https://doi.
0rg/10.7821/naer.2020.7.575

Selivanov V.V, Saunin KA, & Zhang Ch. (2023). Prevention and correction of anxiety-phobic disorders in adolescence
using virtual reality programs. Experimental psychology (Russia), 16(2), 49-67. https://doi.org/10.17759/exppsy.20231
60204

Shen, Cw,, Ho, Jt, Ly, P T. M, & Kuo, T-C. (2019). Behavioural intentions of using virtual reality in learning: Perspectives
of acceptance of information technology and learning style. Virtual Reality, 23,313-324. https://doi.org/10.1007/
510055-018-0348-1

Stretton, T, Cochrane, T, & Narayan, V. (2018). Exploring mobile mixed reality in healthcare higher education: A systematic
review. Research in Learning Technology, 26. https://doi.org/10.25304/rlt.v26.2131

Tatli, C, & Karadag, M. (2023). Reducing public speaking anxiety through the use of virtual reality assisted distraction: a
systematic pilot study. Behaviour & Information Technology, 1-10. https://doi.org/10.1080/0144929X.2023.2270633

Utami, N,, Setiawan, A, & Hamidah, I. (2023). A bibliometric analysis of augmented reality in higher education. Journal of
Engineering Science and Technology, 18(3), 1599-1613.

Xu, W, Liang, H. N,, Baghaei, N,, Ma, X,, Yu, K, Meng, X., & Wen, S. (2021). Effects of an Immersive Virtual Reality Exergame
on University Students' Anxiety, Depression, and Perceived Stress: Pilot Feasibility and Usability Study. JMIR Serious
Games, 9(4), €29330. https://doi.org/10.2196/29330

Zhang, M,, Ding, H., Naumceska, M., & Zhang, Y. (2022). Virtual Reality Technology as an Educational and Intervention Tool
for Children with Autism Spectrum Disorder: Current Perspectives and Future Directions. Behavioral Sciences, 12(5),
1-33. https://doi.org/10.3390/bs12050138

Zhang, X, Romero-Forteza, F, & Li, Z. (2023). Bibliometric analysis of technology-supported language learning: LMOOC
trend in China. Innoeduca. International Journal of Technology and Educational Innovation, 9(2), 68-81. https://doi.org/
10.24310/innoeduca.2023.v9i2.17362

Zhao, X, Ren, Y, & Cheah, K. S. L. (2023). Leading Virtual Reality (VR) and Augmented Reality (AR) in Education: Bibliomet-
ric and Content Analysis From the Web of Science (2018-2022). Sage Open, 13(3). https://doi.org/10.1177/21582
440231190821

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1080/10494820.2021.1919147
https://doi.org/10.1080/10494820.2021.1919147
https://doi.org/10.7821/naer.2020.7.575
https://doi.org/10.7821/naer.2020.7.575
https://doi.org/10.17759/exppsy.2023160204
https://doi.org/10.17759/exppsy.2023160204
https://doi.org/10.1007/s10055-018-0348-1
https://doi.org/10.1007/s10055-018-0348-1
https://doi.org/10.25304/rlt.v26.2131
https://doi.org/10.1080/0144929X.2023.2270633
https://doi.org/10.2196/29330
https://doi.org/10.3390/bs12050138
https://doi.org/10.24310/innoeduca.2023.v9i2.17362
https://doi.org/10.24310/innoeduca.2023.v9i2.17362
https://doi.org/10.1177/21582440231190821
https://doi.org/10.1177/21582440231190821

	Virtual, augmented, and mixed reality in the University environment: an analysis of scientific production
	Abstract 
	1 Preface
	2 Method
	2.1 Approach
	2.2 Sample
	2.3 Screening procedure
	2.4 Analysis

	3 Results
	3.1 Analysis of scientific production
	3.1.1 Year
	3.1.2 Knowledge area
	3.1.3 Authors
	3.1.4 Journal
	3.1.5 Countries
	3.1.6 Institutions
	3.1.7 Publications with the greatest impact

	3.2 Bibliographic coupling
	3.3 Co-citation and co-occurrence analysis

	4 Discussion and conclusions
	Acknowledgements
	References


