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Abstract

Virtual reality is increasingly used in health sciences education, including healthcare,
nursing, and medical education. Hence, this study provides an overview of the use of
virtual reality within healthcare education, nursing education, and medical education
through the analysis of published documents from 2010 to 2025. Based on the outcomes
of this study, virtual reality emerged as an effective educational tool that can support
students and health professionals. The immersive, realistic, and safe environments created
in virtual reality allowed learners to enhance their knowledge and practice their skills,
patient interactions, and decision-making without risking patient safety. Improvements in
learning outcomes, including performance, clinical skills development, critical thinking,
and knowledge acquisition were observed. Virtual reality also positively contributes
toward a more holistic health sciences education as it increases students’ empathy and
behavioral understanding. Finally, eight main research topics were identified and research
gaps and future research directions are presented.

Keywords: virtual reality (VR); healthcare education; nursing education; medical education;
health education; education; health sciences; review

1. Introduction
Virtual reality focuses on simulating users’ physical presence within fully virtual

environments generated by computational units, which users perceive as real through
head-mounted devices due to their immersive and interactive nature as well as to the
psychological and social aspects involved [1–3]. Due to its nature, and the fact that the
required hardware and software is becoming more widely available [4], virtual reality is
being applied in various domains, including education, training, entertainment, industry,
manufacturing, healthcare, etc. Specifically, its use in the field of education has yielded
several positive results, including more engaging and personalized learning, better learning
outcomes, improved learners’ affective states, and unique learning environments that pro-
mote experiential learning [5,6]; hence, the research surrounding its adoption in educational
contexts is increasing [7,8] as these benefits can influence several educational subjects, such
as biology, chemistry, mathematics, physics, etc. Recent studies have indicated that by
using virtual reality across educational levels and subjects, positive learning outcomes
can be yielded [9], more personalized learning experiences [10] and more engaging and
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interactive learning environments can be created [11], and students’ affective domain can
be positively influenced [12]. As a result, meaningful learning can be accomplished [13].

Furthermore, given the capabilities of virtual reality to support learning [14], emphasis
is being placed on how it can affect students’ knowledge acquisition and practical skills de-
velopment [15]. When appropriately designed following a student-centered approach [16],
virtual reality learning experiences through immersive and secure learning environments
where students can develop their skills, can be created [17,18]. These immersive environ-
ments offer personalized and adaptive experiences according to the needs and requirements
of each individual [19]. Studies have also disclosed the impact that virtual reality as a
technology can have on the medical and healthcare domain [20–22]. As a result, the interest
surrounding its use in these domains is increasing. Recent studies explored using virtual
reality in healthcare education [23], medical education [24,25], nursing education [26], as
well as patient education [27], revealing the transformative and positive influence that
the adoption of virtual reality can have. Additionally, studies have demonstrated the
effectiveness of utilizing virtual reality as a learning means to train healthcare and med-
ical students and professionals [28] as it can aid in them developing both technical and
non-technical skills [29].

Moreover, a scoping review by van der Kruk et al. [30] highlighted the role of virtual
reality as an effective patient education tool in healthcare, improving understanding and
engagement. Meta-analyses and systematic reviews by Kyaw et al. [31], Jiang et al. [32],
Kim et al. [33], and Liu et al. [34] revealed the effectiveness of utilizing virtual reality in
medical and nursing education, showing improvements in clinical skills, procedural train-
ing, and knowledge retention compared with traditional methods. Choi et al. [35] further
emphasized the impact of virtual reality on nursing education, particularly on fostering
critical thinking, knowledge acquisition, and decision-making in simulated environments.
Additionally, Mergen et al. [36] highlighted the increased adoption of virtual reality in
medical curricula and made comments on the existing limitations that should be overcome.
Finally, Abbas et al. [37] defined and presented virtual reality in the context of healthcare
while Liaw et al. [38] highlighted the potential of multiuser virtual worlds to facilitate
collaborative learning in healthcare education.

These studies highlight the potential of virtual reality to enhance learning outcomes in
medical, nursing, and healthcare education. Nonetheless, given the rapid advancements in
the domain of virtual reality, there is a lack of a comprehensive bibliometric and scientific
mapping analysis that synthesizes the recent and global advances in applying virtual reality
across these fields. The need to examine this field through a more holistic perspective
becomes more evident when considering that existing studies focus on specific disciplines
or outcomes. To address this gap in the literature, this study aims to provide an overview
regarding the adoption and integration of virtual reality into healthcare, nursing, and
medical education by examining the existing literature through a systematic bibliometric
review. Hence, this study contributes to the existing field by providing a broader and
data-driven overview of the most prominent research topics and areas and revealing areas
for future research. The manuscript goes over the methodology adopted (Section 2) and
presents the analysis of the document collection created (Section 3). The results are further
discussed in Section 4 and conclusive remarks, implications, and future research directions
are presented in Section 5.
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2. Materials and Methods
To enhance the transparency and reproducibility of this study and to ensure that

relevant documents were identified, the PRISMA guidelines [39] were followed. Given the
broadly defined topic set to be examined in this study, this approach is deemed suitable to
effectively identify, collect, and analyze the related documents [40,41]. Bibliometrix was
selected to analyze the related data; hence, the related guidelines presented by Aria et al. [42]
were also followed. Based on the outcomes of related studies which highlighted Scopus
and Web of Science (WoS) as highly regarded and suitable for review and bibliometric
analysis databases [43,44], Scopus and WoS were selected as the databases to be used
to search for and identify relevant documents. Another reason for their selection was
that the data generated through these databases can directly be used in Bibliometrix
without requiring manual modifications; thus, further increasing the reproducibility of this
study [45]. As the main aim of this study is to provide a broader perspective regarding
the use of virtual reality in healthcare, nursing, and medical education, the query used
to identify relevant documents used generic terms to avoid limiting and directing the
selection of documents identified. The query created was last used in May 2025 and
comprised the following: (“virtual reality” OR “VR”) AND (“healthcare” OR “health care”
OR “medical” OR “medicine” OR “nursing”) AND (“education”). The query was used
on the related document titles and abstracts and no initial restrictions were set besides the
need for the studies to have been published from 2010 onwards. Additionally, limitations
were applied afterwards based on the language of the document and the document type
as only documents that were written in English and were published as journal articles,
conference/proceedings papers, or book chapters were considered.

The steps taken following the PRISMA guidelines are presented in Figure 1. Specif-
ically, 2609 documents were identified from Scopus and 1720 from WoS. Out of the
4329 total documents, 1557 were duplicates and were omitted. Hence, a total of
2772 documents were examined. Based on the data retrieved from the databases,
505 additional documents were removed. In total, 145 documents were removed as they
were not written in English, 82 were conference proceedings, 35 were books or edited
volumes, 32 were short communications/notes/letters, 29 were editorials, 6 were erratum,
and 3 were retracted documents. The remaining 2440 documents were further assessed for
eligibility. The inclusion criterion specified for a document to be included in the collection
was to primarily focus on the use of virtual reality in healthcare and/or medical and/or
nursing education. Hence, studies that did not focus on these fields, focused only on
augmented reality, or that simply mentioned these terms and had other primary goals
were excluded. Following this approach, 2003 were excluded and therefore, the document
collection analyzed consists of 437 documents.
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Figure 1. PRISMA flowchart.

3. Analysis of Results
Using Bibliometrix, the document collection, comprising 437 documents, was ex-

amined to determine the main characteristics of the documents. The document collec-
tion information is described in Table 1. The documents were published from 2010 to
2025 (May) in 243 different sources. When including the data from January to May 2025,
the annual growth rate reported was 21.55%; however, when excluding this data and
only including the related data from January 2010 to December 2024 the annual growth
rate reported was 30.07%. This outcome is in line with the average age of the documents
(2.87 years). Most documents were published as journal articles (63.4%), followed by confer-
ence and proceedings papers (17.6%) as well as review studies (15.6%). Fewer documents
were published within edited volumes as book chapters (3.4%). In total, 1682 authors
from 54 countries were identified, with the average number of co-authors per document
being 4.58. Additionally, 20 single-authored documents that were written by 19 different
authors were present in the document collection. Finally, the international co-authorship
rate was 13.5%. The related outcomes are further discussed below.
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Table 1. Document collection.

Description Results Description Results

Main information Document types
Timespan 2010:2025 Journal articles 277
Sources (Journals, Books, etc.) 243 Book chapter 15
Documents 437 Conference/Proceedings paper 77
Annual Growth Rate % (without 2025) 30.07 Review 68
Annual Growth Rate % (including 2025) 21.55 Authors
Document Average Age 2.87 Authors 1682
Average Citations per Document 18.63 Authors of single-authored docs 19
References 9116 Authors collaboration
Document contents Single-authored docs 20
Keywords Plus (ID) 953 Co-Authors per Doc 4.58
Author’s Keywords (DE) 998 International co-authorships % 13.5

When considering the annual growth rate and the average document age, the emer-
gence of this field due to its potential and significance becomes evident. As depicted in
Figure 2, there is a continuous increase in the number of annually published documents,
with most documents having been published in 2024 (n = 119) and 2023 (n = 74). These
outcomes are in accordance with the advancements in the domain of virtual reality, in-
cluding both hardware and software. It should also be noted that given the fact that the
data was last updated in May 2025, there are already 56 relevant documents that have
been published which, when taking the annual growth rate into account, is expected to
meet and surpass the number of documents published in 2024. Thus, the increased interest
in the field is being further highlighted. Moreover, based on the outcomes presented
in Table 2, it becomes evident that the documents published in 2017 have been the most
impactful. Specifically, the mean total citations of the seven documents of 2017 was 117.57
and the mean total citations per year was 13.06. However, given that these documents were
published 9 years ago, emphasis should also be put on more recent studies as well. For
example, the studies published in 2019 have already amassed 64.93 mean total citations per
document and a mean total citations per year of 9.28 citations. Given the emergence of this
field and the increasing number of studies published, it is expected that these outcomes
will change in the near future.

To better comprehend the characteristics of the sources in which these 437 documents
were published in, the frequency of the source type was examined and Bradford’s law was
also applied. The distribution of the source type was as follows: journal articles, 63.4%;
conference and proceedings papers, 17.6%; review studies, 15.6%; and book chapters, 3.4%.
Furthermore, using Bradford’s law, three clusters of documents were created (Clusters 1–3).
Cluster 1 had the most impactful sources, that is those that published the most documents.
Additionally, Cluster 1 had 19 sources (7.8%) and 146 published documents, Cluster 2 had
80 sources (32.9%) and 147 published documents, and Cluster 3 had 144 sources (59.3%)
and 144 published documents. As presented in Table 3, when considering the number of
documents published by each source, the most impactful sources were “Nurse Education
Today”, “BMC Medical Education”, “Clinical Simulation in Nursing”, “CIN: Computers,
Informatics, Nursing”, “JMIR Medical Education”, “Nurse Education in Practice”, and
“JMIR Serious Games”. Besides these outcomes, 7 sources each published five documents,
12 sources each published four documents, and 10 sources each published three documents.
As these sources had the most published documents, the outcomes remain the same in
terms of order when considering the h-index accumulated from the documents published,
as is presented in Table 4. Additionally, 4 sources had an h-index of 4 and 11 sources
had an h-index of 3. Therefore, it can be stated that the sources of different types and
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publishers with diverse scope are selected to publish studies relevant to this field; thus, the
multidisciplinary nature of this field of study is being highlighted.

Figure 2. Number of documents published per year.

Table 2. Annual scientific production and citations.

Year MeanTCperDoc N MeanTCperYear CitableYears

2010 52.33 3 3.27 16
2011 1 1 0.07 15
2012 28 3 2 14
2013 16.33 3 1.26 13
2014 38 3 3.17 12
2015 28 1 2.55 11
2016 28.4 10 2.84 10
2017 117.57 7 13.06 9
2018 35.88 8 4.48 8
2019 64.93 15 9.28 7
2020 38.81 36 6.47 6
2021 34.59 46 6.92 5
2022 23.27 52 5.82 4
2023 10.88 74 3.63 3
2024 2.72 119 1.36 2
2025 0.23 56 0.23 1

Table 3. Most impactful sources of Cluster 1, based on Bradford’s law.

Source Rank Freq. CumFreq.

“Nurse Education Today” 1 21 21
“BMC Medical Education” 2 20 41
“Clinical Simulation in Nursing” 3 18 59
“CIN: Computers, Informatics, Nursing” 4 9 68
“JMIR Medical Education” 5 8 76
“Nurse Education in Practice” 6 8 84
“JMIR Serious Games” 7 7 91
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Table 4. Most impactful sources based on their h-index.

Source h-Index g-Index m-Index TC NP PY_Start

“Nurse Education Today” 14 21 1.75 816 21 2018
“BMC Medical Education” 8 15 1.333 236 20 2020
“Clinical Simulation in Nursing” 7 11 1.167 127 18 2020
“CIN: Computers, Informatics, Nursing” 6 9 0.429 131 9 2012
“JMIR Medical Education” 6 7 1 351 7 2020

Having examined the characteristics of the sources, the authors’ affiliations and coun-
tries were also explored. On average, the documents were written by 4.58 authors and out
of the 437 studies, only 4.6% were single-authored. The number of documents written by
the authors was further examined using Lotka’s law analysis, as can be seen in Figure 3.
The vast majority of authors contributed to a single study (n = 1482, 88.1%), while eleven
authors contributed to five studies and only two authors contributed to six studies.

Figure 3. Lotka’s law analysis.

Furthermore, emphasis was placed on the authors’ affiliation to identify the ones that
mostly focus on advancing this field of study. As can be seen in Figure 4, the affiliations with
the most relevant documents published were “University College Dublin”, “Taipei Medical
University”, “Chang Gung Memorial Hospital”, “University of Minnesota”, “Hong Kong
Polytechnic University”, “Chang Gung University”, “Kaohsiung Medical University”,
“Nanjing Medical University”, “Chang Gung University of Science and Technology”, and
“Hanyang University”. Based on the related outcomes, it is evident that most of the
affiliations that have published the most documents are based in Asia.
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Figure 4. Most relevant affiliations based on the number of documents published.

Additionally, the countries that published the most on this topic were examined. It
should be noted that to categorize the countries the grouping carried out by Bibliometrix
was used and the corresponding author’s country or the country of the first author, in case
no corresponding author was indicated, was used. Hence, taking these limitations into
consideration, 54 different countries were identified. The countries that have published at
least 12 documents are presented in Table 5, while the countries that have published at least
5 documents are depicted in Figure 5. The United States and China have published the
most documents. South Korea, the United Kingdom, and Germany have contributed over
20 documents each while Australia, Ireland, Canada, and India have contributed at least
14 documents each. Similarly, the highest intra-country (SCP) collaborations were observed
in the United States and China while China also had the highest inter-country (MCP)
collaborations, followed by Switzerland (MCP = 5). Finally, Table 6 presents the countries
with the highest number of total citations received and their average citations per docu-
ment. Once again, the documents published by China (TC = 1391) and the United States
(TC = 1185) had the most citations. Despite the difference in the number of documents pub-
lished and the citations received, it can be inferred that there is a global interest surrounding
the integration of virtual reality in healthcare, nursing, and medical education.

Table 5. Country publication details.

Country Documents SCP MCP Freq. MCP_Ratio

United States 73 70 3 0.167 0.041
China 69 56 13 0.158 0.188
South Korea 37 37 0 0.085 0
United Kingdom 26 22 4 0.059 0.154
Germany 22 19 3 0.05 0.136
Australia 19 18 1 0.043 0.053
Ireland 16 15 1 0.037 0.063
Canada 15 11 4 0.034 0.267
India 14 13 1 0.032 0.071
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Figure 5. Country publication and collaboration details.

Table 6. Countries that received the most citations.

Country TC Average Doc. Citations

China 1391 20.2
United States 1185 16.2
Australia 1133 59.6
Germany 656 29.8
Ireland 466 29.1
United Kingdom 459 17.7
Canada 413 27.5
Iran 308 38.5
Switzerland 294 36.8
South Korea 284 7.7

Despite the fact that a large number of countries from diverse continents contributed
to this field of study, the international co-authorship rate being 13.5% shows that going
forward there is a growing need to establish more international collaborations, as can also
be seen in Figures 6 and 7.

Figure 6. Country collaboration network.
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Figure 7. Country collaboration map.

4. Discussion
Due to the educational benefits that virtual reality can yield, it is increasingly being

used in different learning settings [45–47]. The outcomes of recent studies have highlighted
its potential to positively influence health sciences education in the context of nursing
education [26], patient education [27,30], healthcare education [23], and medical
education [24,25]. Virtual reality can create immersive, personalized, and safe learning
environments in which learners can acquire hands-on experience and practice clinical skills,
decision-making, and patient interactions within controlled settings without risking patient
safety [9,10]. Hence, it can support both students and professionals and enable them to
increase their knowledge and skills [28,29]. Students who learn through virtual reality
showcase increased learning outcomes, including academic achievements, clinical skills,
procedural training, decision-making, critical thinking, as well as knowledge acquisition
and retention [35]. Hence, it is being more widely adopted in health sciences curricula [36].
These outcomes suggest that virtual reality plays a vital role in the enrichment and trans-
formation of healthcare, nursing, and medical education.

Since there is an increasing interest in this multidisciplinary field and many relevant
studies are being published, this study examined and mapped the current literature. This
approach provides a clearer comprehension and representation of the current research
landscape and offers insights into the main topics and research directions. Therefore, in
addition to analyzing the characteristics of the document collection, attention was also
given to identifying the primary topics explored and examined the documents that received
the most citations (over 100 citations). The related documents are described in Table 7 and
provide valuable insight into the role, integration, and use of virtual reality.

Table 7. Documents with the highest number of citations.

Doc. Title Year DOI Total Citations
Total
Citations
Per Year

Normalized
Total Citations

[48]
“The effectiveness of virtual and
augmented reality in health
sciences and medical anatomy”

2017 10.1002/ase.1696 499 55.44 4.24

[26]
“Effectiveness of virtual reality
in nursing education:
Meta-Analysis”

2020 10.2196/18290 253 42.17 6.52
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Table 7. Cont.

Doc. Title Year DOI Total Citations
Total
Citations
Per Year

Normalized
Total Citations

[49]

“Augmented, mixed, and virtual
Reality-Based Head-Mounted
devices for medical education:
Systematic review”

2021 10.2196/29080 231 46.2 6.68

[50]

“Challenges and practical
considerations in applying
virtual reality in medical
education and treatment”

2020 10.5001/omj.2020.43 193 32.17 4.97

[51]
“Augmented and virtual reality
in dental medicine: A
systematic review”

2019 10.1016/j.compbiomed.2019.03.012 175 25 2.7

[52]
“Virtual reality simulations in
nurse education: A systematic
mapping review”

2021 10.1016/j.nedt.2021.104868 168 33.6 4.86

[53]

“Virtual reality and cardiac
anatomy: Exploring immersive
three-dimensional cardiac
imaging, a pilot study in
undergraduate medical
anatomy education”

2019 10.1002/ca.23292 161 23 2.48

[54] “Using virtual reality in medical
education to teach empathy” 2018 10.5195/jmla.2018.518 145 18.13 4.04

[55]

“Exploring learner acceptance of
the use of virtual reality in
medical education: A case study
of desktop and projection-based
display systems”

2016 10.1080/10494820.2013.817436 142 14.2 5

[56]

“Virtual and augmented reality
enhancements to medical and
science student physiology and
anatomy test performance: A
systematic review and
Meta-Analysis”

2021 10.1002/ase.2049 129 25.8 3.73

[57]

“Artificial intelligence in
medical education: Best
practices using machine learning
to assess surgical expertise in
virtual reality simulation”

2019 10.1016/j.jsurg.2019.05.015 126 18 1.94

[58]

“Now I know how! The learning
process of medication
administration among nursing
students with non-immersive
desktop virtual
reality simulation”

2017 10.1016/j.compedu.2017.05.009 125 13.89 1.06

[59]
“A. Immersive virtual reality
simulations in
nursing education.”

2010 NA 121 7.56 2.31

[60]

“A systematic review of
immersive technology
applications for medical practice
and education - trends,
application areas, recipients,
teaching contents, evaluation
methods, and performance”

2021 10.1016/j.edurev.2021.100429 117 29.25 5.03

Moro et al. [48] explored the effectiveness of both virtual reality and augmented reality
in health sciences. Their results revealed that between virtual and augmented reality, no
major differences were observed in terms of students’ scores. However, some students who
learnt through virtual reality reported adverse effects, such as blurred vision, dizziness,
and headaches. Nonetheless, both technologies emerged as being valuable for teaching
medical and healthcare related subjects while also promoting students’ engagement and
immersion. Chen et al. [26] focused on examining the effectiveness of virtual reality in
nursing education through a meta-analysis of 12 related studies. Their results revealed that
students who learnt through virtual reality showcased improved knowledge. However,
no major differences were observed in regard to students’ confidence, skills, performance
time, and satisfaction. The study highlights the need for future studies to focus on larger
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sample sizes. Through a systematic literature review of 27 related studies, Barteit et al. [49]
explored the use of head-mounted devices for augmented, mixed, and virtual reality within
medical education. Their findings revealed that virtual reality and augmented reality
were mostly used to train students in the fields of surgery and anatomy. Students found
learning through these technologies engaging and motivating and expressed higher levels
of enjoyment and enthusiasm. Head-mounted display interventions arose as effective in
both cases. Hence, it was concluded that learning using head-mounted displays within
augmented reality and virtual reality environments can be effective for medical education.

Baniasadi et al. [50] focused on the challenges and practical considerations associated
with the adoption and integration of virtual reality in medical education. Based on their re-
sults, both general and specific challenges were identified. The general challenges involved
“reduced face-to-face communications, education, cost challenges, and users’ attitudes”,
while the specific challenges involved “designing, safety considerations, virtual reality
side effects, evaluation, and validation of virtual reality applications”. It is highlighted
that these challenges can have different effects when learning through virtual reality and
that it is important to develop new standards and protocols. Joda et al. [51] carried out
a systematic literature review of 16 studies focusing on the role and use of augmented
and virtual reality in dental medicine. Their outcomes revealed that both technologies
were mostly used for motor skills training, treatment, concept learning, and clinical testing.
However, the nature of the studies and data examined did not allow for a meta-analysis
of the outcomes to be conducted. Nonetheless, the study highlighted the positive impact
that these technologies can have in the field of medical education and commented upon
the need for more case studies to be conducted and for suitable technological standards to
be developed.

Through a systematic mapping review of 22 studies, Plotzky et al. [52] explored the
integration of virtual reality simulations within nurse education. The data revealed that
the definition of virtual reality simulations for educational purposes varied greatly. Ad-
ditionally, these simulations were mostly used to improve students’ procedural skills,
psychomotor skills, soft skills, as well as technical knowledge and proficiency. Despite
using various simulation designs and adopting diverse approaches, positive educational
outcomes were reported. The study commented that more studies should emphasize the
implications of immersive virtual reality. In the context of medical anatomy education,
Maresky et al. [53] examined the use of virtual reality to support teaching and learning
activities. Their experimental study revealed that students can better understand anatomy
related concepts through the use of virtual reality. Hence, it was concluded that virtual
reality is a viable educational means that can effectively support medical anatomy edu-
cation since it provides anatomically correct and immersive visual–spatial environments.
Dyer et al. [54] focused on teaching empathy in the context of medical education through
the use of virtual reality. Their results disclosed that when students learn through virtual
reality, their knowledge and understanding of age-related health problems were increased
and simultaneously their empathy for older adults also improved. Hence, virtual real-
ity emerged as an effective teaching method to support students pursuing health and
medical professions.

Huang et al. [55] explored students’ acceptance of using virtual reality within medical
education. Their outcomes showcased that students positively assessed the use of virtual
reality and highlighted its immersion and imagination features as key aspects. These
elements can predict students’ perceived ease of use and usefulness and as such, are
key contributors to identifying and examining students’ behavioral intention of using
virtual reality for educational purposes. Through a systematic review and meta-analysis of
58 studies, Moro et al. [56] examined medical and health sciences students’ test performance
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in medical related fields. Focusing on the use of virtual reality, students who learnt
using virtual reality performed better when compared with those that learnt through
traditional teaching methods. The results of the study highlighted virtual reality as a
viable alternative or as a supportive method to the existing education in medical and
health sciences courses. In their systematic review using machine learning techniques,
Winkler-Schwartz et al. [57] examined 12 studies regarding surgical experiences in virtual
reality simulations. Specifically, they developed and presented the “Machine Learning to
Assess Surgical Expertise (MLASE)” checklist to enhance the quality of producing and
reviewing manuscripts that focus on assessing surgical expertise within virtual reality
learning environments.

Dubovi et al. [58] explored non-immersive virtual reality simulations and their influ-
ence on nursing students. The outcomes suggest that students can achieve significantly
higher procedural and conceptual knowledge when learning within non-immersive virtual
reality environments in comparison with lecture-based learning. These simulations offered
students a sense of presence and control which can positively influence their practical skills
training. With an emphasis on nursing education, Kilmon et al. [59] examined the influence
of immersive virtual reality simulations. Based on their outcomes, immersive virtual reality
simulations can support the education of undergraduate nursing students but can also
assist experienced nurses in learning advanced skills. These immersive simulations can
supplement clinical instruction and constitute an effective educational strategy for nurs-
ing education. Hence, it is suggested that they will be more commonly used in nursing
education in the near future. However, it is highlighted that there is a clear need for more
interdisciplinary collaboration to develop effective immersive virtual reality simulations.
Focusing on immersive technologies, including virtual reality, Tang et al. [60] carried out a
systematic literature review of 128 studies to examine their application in medical educa-
tion and training. Their results revealed that virtual reality is primarily used in teaching
anatomy-related or surgery-related subjects. Given the data explored and the future trends
explained, virtual reality, and immersive technologies in general, arose as promising and
effective tools to support medical education and practices.

The related studies further validate the positive influence that virtual reality can have
on medical, healthcare, and nursing education. Additionally, they highlight the benefits
of the immersive, interactive, and safe learning environments offered through virtual
reality. However, despite the pedagogical value that virtual reality has, there are still
challenges that need to be overcome before it is being more widely adopted. Despite the
existing limitations, the aforementioned studies regard virtual reality as an educational tool
that can significantly enhance the quality and effectiveness of students’ and professionals’
training in various domains of health sciences education, including nursing, healthcare, and
medical education.

Furthermore, the keywords of the documents were also examined to identify key
topics within the collection. Both keywords plus and author’s keywords were used, as
can be seen in Figures 8 and 9, which present the most frequently used keywords. Specifi-
cally, the most frequent keywords plus were “virtual reality”, “simulation”, “education”,
“students”, “medical education”, “e-learning”, “performance”, “skills”, “nursing”, and
“nursing education”, while the most frequent author’s keywords were “virtual reality”,
“medical education”, “nursing education”, “simulation”, “education”, “augmented real-
ity”, “nursing students”, “nursing”, “immersive virtual reality”, and “anatomy”. Based
on these outcomes and the results of the related studies presented, the close relationship
between virtual reality with medical and nursing education is highlighted. Additionally,
the emphasis on simulations and immersive experiences and the focus on nursing students,
surgery, and anatomy education can be observed. Finally, in the co-occurrence network



Multimodal Technol. Interact. 2025, 9, 75 14 of 21

of keywords presented in Figure 10, the relationships among the keywords can be seen.
Specifically, three main clusters arose with the first cluster (blue) focusing more on students,
virtual reality, medical education, nursing education, and e-learning, the second cluster
(red) focusing more on education and simulations, and the third cluster (green) focusing
on the design of virtual reality learning environments. Having a separated cluster dedi-
cated to the design aspects further highlights the significance of developing virtual reality
experiences following user-centered design principles.

Figure 8. Most frequent keywords plus.

Figure 9. Most frequent author’s keywords.
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Figure 10. Co-occurrence network.

Emphasis was also placed on identifying topics through the analysis of the keywords
of both categories. As can be seen in Table 8, eight main topics arose. These topics
were related to: (i) Virtual reality and immersive technologies in health sciences education;
(ii) Simulation-based learning in healthcare; (iii) Medical and nursing education;
(iv) Learning outcomes; (v) Psychological and cognitive aspects of learning; (vi) Clini-
cal skills and competency development; (vii) Patient-centered and empathy training; and
(viii) Emerging technologies and innovative approaches.

Table 8. Main topics.

Topic Related Keywords

Virtual reality and immersive technologies in health
sciences education

“virtual reality, augmented reality, immersive virtual reality,
mixed reality, extended reality, virtual reality applications,
virtual reality simulation, virtual reality technology,
head-mounted display, 360 degrees video, immersive learning,
immersive technologies, immersive technology, virtual reality
training, virtual reality simulations, hmd-virtual reality,
immersive simulation.”

Simulation-based learning in healthcare

“simulation, simulation training, virtual simulation, clinical
simulation, medical simulation, simulation-based training,
simulation-based education, simulation-based learning, high
fidelity simulation, simulation technology, simulation in
medical education, virtual reality simulation.”

Medical and nursing education

“medical education, nursing education, nursing students,
nursing, anatomy, medical students, medical training, students,
anatomy education, surgical education, dental education,
healthcare education, nurse education, undergraduate medical
education, clinical training.”

Learning outcomes

“learning, satisfaction, cognitive load, self-efficacy, usability,
learning outcomes, self-confidence, engagement, user
experience, knowledge, learning motivation,
performance outcomes.”

Psychological and cognitive aspects of learning

“self-efficacy, empathy, cognitive load, satisfaction,
self-confidence, engagement, motivation, learning motivation,
confidence, affective empathy, cognitive assessment, stress,
anxiety, presence.”

Clinical skills and competency development

“clinical skills, clinical judgment, communication skills, critical
thinking, competence, competency, clinical reasoning,
psychomotor skills, procedural skills, clinical competence,
nursing skill, skill competence.”
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Table 8. Cont.

Topic Related Keywords

Patient-centered and empathy training
“empathy, patient safety, compassionate care, patient
experience, patient perspective, affective empathy, behavioral
empathy, patient care.”

Emerging technologies and innovative approaches

“artificial intelligence, 3d, gamification, machine learning,
generative artificial intelligence, artificial intelligence,
game-based learning, serious games, 3d printing, 3D
visualization, human-computer interaction, head-mounted
display, haptic feedback, educational technology,
technology-enhanced learning, technology-enhanced
simulation, innovative teaching methodologies, interactive
learning environments, digital learning,
pedagogical innovation.”

Based on these topics, it can be inferred that virtual reality can enrich and transform
health sciences education. Specifically, virtual reality provides immersive, safe, and inter-
active environments and simulations in which students can familiarize themselves with
complex clinical scenarios and can cultivate their clinical skills and competency within
controlled environments; thus, enabling students to practice procedures without affecting
patient safety. In this context, emphasis is put on medical education and nursing education
and how virtual reality can effectively support them. Research has also explored the impact
of virtual reality on students’ learning outcomes, experiences, and attitudes, along with its
effects on the psychological and cognitive dimensions of learning. Given the nature of this
field, particular emphasis is being placed on improving patient-centered care and empathy
training through virtual reality to enable future healthcare professionals to embody pa-
tient perspectives, increase their communication skills, and to acquire a deeper emotional
understanding. Finally, virtual reality can be used in conjunction with other emerging
technologies and support innovative approaches to increase education quality. Therefore,
virtual reality can be regarded as an effective educational means that can enhance education
and strengthen the healthcare ecosystem.

Nonetheless, there are key challenges that influence its effective adoption which need
to be further explored. Specifically, the variability in study designs, small sample sizes,
and inconsistent outcome measures limit the generalizability of findings. Many current
studies also lack long-term follow-up, making it difficult to assess sustained clinical impact.
Limitations, such as motion sickness, blurred vision, and fatigue, affect a subset of learners,
while the cognitive demands of navigating complex virtual environments may lead to
distraction or overload. Accessibility remains another concern since some learners might be
excluded from virtual reality experiences if they are not designed inclusively. Additionally,
infrastructure issues like equipment costs, unreliable performance, and the need for ongoing
technical support pose practical barriers, especially in resource-constrained settings.

Moreover, while virtual reality is being more widely adopted, there is a risk of over-
estimating its pedagogical value, especially in areas where authentic human interaction
is critical. Current virtual reality technologies often fall short in replicating real-time
interpersonal dynamics. This can lead to false confidence in communication skills and
underdeveloped empathy or professionalism. The simplification of clinical scenarios to
suit virtual platforms may also result in incomplete or misleading learning experiences.
Furthermore, an increased reliance on virtual reality could inadvertently reduce oppor-
tunities for face-to-face learning, which remains essential for developing collaborative,
relational, and patient-centered skills. Instructors may also feel unprepared or resistant to
using unfamiliar technologies, highlighting the need for professional development and
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support. Finally, ethical considerations, including data privacy and security, consent, and
cultural realism, are still underexplored.

For educators and institutions planning to adopt virtual reality, understanding these
limitations is essential for successful and ethical integration. Virtual reality should not be
seen as a replacement for face-to-face instruction but as a complementary tool. Hence, its
use should be balanced with opportunities for real-world interpersonal skill development.
Instructors may require dedicated training and curriculum support to meaningfully inte-
grate virtual reality into their teaching strategies. Additionally, those developing virtual
reality content should account for cultural sensitivity, data privacy, and learner diversity to
ensure equity and realism. Institutions are advised to establish multidisciplinary teams
of education stakeholders to oversee and guide the design and development of virtual
reality learning experiences. Recognizing that the simplification of scenarios may lead to
false confidence, educators should incorporate structured debriefs, reflection sessions, and
assessments that bridge the gap between simulated and actual clinical practice. Addressing
these challenges is essential to ensure that virtual reality will enrich the quality and equity
of health professions education and that it will not hinder actual clinical practice.

5. Conclusions
While the amount of research regarding the integration of virtual reality in health

sciences education increases, this study aimed to provide an overview of the existing
literature. This study followed the PRISMA framework and examined 437 documents
from Scopus and WoS that were published during 2010–2025. The studies were written
by authors from 54 different countries and were published in 243 sources with most of the
documents referring to journal articles. An annual growth rate of 30.07% was observed
and most documents were published in 2024 and 2023. Additionally, the characteristics of
the documents were examined, the most relevant sources were identified, and the number
of published studies and their citations were analyzed. The affiliations and countries that
contributed the most were identified. The United States and China published the most in
this field and had the highest total citations, while studies from Australia had the highest
average document citations. The collaboration network of countries was also examined.
Finally, the documents with the most citations were analyzed and the main topics were
identified. Finally, the topic analysis revealed the following eight topics: (i) Virtual reality
and immersive technologies in health sciences education; (ii) Simulation-based learning
in healthcare; (iii) Medical and nursing education; (iv) Learning outcomes; (v) Psycholog-
ical and cognitive aspects of learning; (vi) Clinical skills and competency development;
(vii) Patient-centered and empathy training; and (viii) Emerging technologies and innova-
tive approaches.

Based on the analysis, virtual reality arose as an effective educational tool that can
enrich and transform health sciences education, including healthcare education, nursing
education, and medical education. Specifically, virtual reality can support both students
and professionals through the immersive, realistic, and safe learning environments it
offers where learners can practice their skills, patient interactions, and decision-making
without risking patient safety. Increased learning outcomes in terms of performance,
engagement, clinical skills development, knowledge acquisition, critical thinking, and
decision-making were observed. Virtual reality also positively contributes to students’
developing their empathy and behavioral understanding. The ability of virtual reality to be
utilized in conjunction with other emerging technologies and support different pedagogical
approaches was noticed. As virtual reality becomes more accessible and cost effective in
terms of both software and hardware, its integration into health sciences curricula is likely
to become more widespread.
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However, some key challenges and limitations were also identified. Specifically, the
outcomes of some studies are limited in terms of generalizability due to the variation in
study designs and in measures. The sample size in many cases was also relatively small.
This limitation reveals the need for future experimental studies to emphasize examining the
long-term effects within large-scale samples. Few studies also reported students showcasing
adverse effects, such as blurred vision, dizziness, and headaches. Hence, there is a need for
further research into the usability and design of virtual reality experiences. Another existing
limitation is the lack of common evaluation methods and of unified design approaches and
guidelines. Thus, more emphasis should be placed on developing suitable guidelines and
identifying best practices and approaches in diverse settings. A lack of interdisciplinary and
international collaborations was observed. Given the nature of the field, multidisciplinary
perspectives are vital to ensure its effective development. Future studies should also focus
on safety considerations, privacy and ethical concerns, reduced face-to-face interactions,
and cost issues. Given the implementation limitations and issues associated with the
effective introduction and utilization of virtual reality in education, emphasis should
be placed on developing robust frameworks and policies, creating rigorous assessment
methods and tools, and refining pedagogical and curriculum design approaches. There is
also a need for training programs on how to use virtual reality technology for education
stakeholders to be created and for developing suitable and accessible educational material
for virtual reality environments. Finally, emphasis should be placed on examining the
impact of immersive virtual reality and non-immersive virtual reality, and on combining
virtual reality with other novel technologies to develop intelligent systems to aid the
healthcare system.

All in all, virtual reality has emerged as an effective educational tool for increasing
learning outcomes across healthcare, nursing, and medical education. However, for its
pedagogical value to be fully realized and its integration to become more widespread,
the existing challenges should be addressed. As evidence supporting its impact increases,
virtual reality is more than likely to become an integral part of health professions education.
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