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competencies such as patient communication, emer-
gency response, and procedural accuracy [3]. However, 
VR is being used increasingly in nursing training; the 
research is scattered. Usually, studies focus on single 
uses like surgical simulations or reducing worry instead 
of laying out the field’s intellectual structure [4]. More-
over, while qualitative reviews have summarized VR’s 
pedagogical benefits in nursing education (e.g., enhanced 
knowledge retention, the development of clinical reason-
ing skills, and safe practice of high-risk procedures in a 
consequence-free environment, few studies employ com-
putational methods to identify latent thematic trends or 
evolving research priorities in nursing education [5]. This 

Introduction
Virtual reality (VR), an immersive technology that cre-
ates an artificial, synthetic environment [1], has emerged 
as a transformative tool in nursing education, offer-
ing immersive simulations that enhance clinical skills 
training and decision-making in risk-free environments 
[2]. Recent studies highlight its efficacy in improving 
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Abstract
This study employs BERTopic, an advanced natural language processing (NLP) technique, to systematically analyze 
the thematic evolution and research hotspots of virtual reality (VR) applications in nursing education from 2008 
to 2025. Using a corpus of 683 peer-reviewed articles from Web of Science, we applied BERTopic’s transformer-
based embedding and hierarchical clustering pipeline to identify latent topics, quantify their temporal trends, and 
visualize inter-topic relationships through uniform manifold approximation and projection (UMAP) dimensionality 
reduction. Three dominant research streams emerged: (1) technical applications, (2) humanistic skill development, 
and (3) specialized high-stakes training. The COVID-19 pandemic accelerated VR adoption, with publications surging 
by 95% in 2020. Topics evolution revealed a shift from feasibility studies (pre-2018) to outcome optimization (post-
2020), particularly in AI-integrated virtual patients and haptic feedback systems. Instructors can leverage topic 
prominence data to prioritize VR curricular integration, while policymakers should address disparities in cultural 
adaptability research (only 12% of studies involved non-Western contexts). Notably, this study applies dynamic 
topic modeling in nursing education research, offering a data-driven framework for tracking technological adoption 
and predicting future trends.
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gap limits educators’ ability to align VR interventions 
with evidence-based hotspots and future demands.

An unresolved challenge is the lack of large-scale, 
data-driven analyses to uncover the hidden connections 
across different VR study topics. As Atkinson [6] stated, 
traditional literature reviews depend on manual coding, 
which is time-consuming and susceptible to bias. Fur-
thermore, conventional topic modeling methods such 
as Latent Dirichlet Allocation (LDA) often fail to cap-
ture the complex semantics of domain-specific texts, 
leading to overlapping or incoherent topics [7]. These 
problems highlight the need for advanced natural lan-
guage processing (NLP) techniques that can synthesize 
large corpora of academic literature while preserving 
the integrity of the original text [8]. By applying BER-
Topic to the literature, this study moves beyond tradi-
tional narrative reviews to quantitatively identify and 
trace thematic trends, research hotspots, and knowledge 
structural shifts in VR nursing education. This approach 
not only synthesizes a fragmented body of research but 
also objectively uncovers emerging patterns and predicts 
future directions, offering data-driven support for field 
advancement [7].

We use BERTopic to examine 683 peer-reviewed papers 
from 2008 to 2025 that focus on VR in nursing educa-
tion. “Virtual patient interactions” and “haptic feed-
back for skill acquisition” are two big research themes 
that emerged from our analysis. It also shows how these 
themes changed over time, from theoretical feasibil-
ity studies to implementation problems and scalability 
assessments. This study provides instructors with a way 
to prioritize VR investments and curricular integration 
based on data. It does this by measuring how important 
topics are and how they relate to each other by using the 
latest NLP technique.

Literature review
Recently, the application of VR technology in nursing 
education has shown rapid growth, with numerous stud-
ies exploring its educational effectiveness and implemen-
tation feasibility [9]. Early research primarily focused on 
using VR to teach basic nursing skills, such as intrave-
nous insertion [10], cardiopulmonary resuscitation [11], 
and wound care [12]. These studies generally indicated 
that VR simulation can improve procedural accuracy and 
confidence. Subsequently, the scope expanded to include 
more complex clinical scenarios, such as emergency deci-
sion-making [13], psychiatric nursing, and interprofes-
sional teamwork [14]. More notably, recent investigations 
have begun to examine the role of VR in fostering non-
technical skills—including professional communication 
[15], empathy [16], and stress management. This shift in 
research topics reflects a broader movement in nursing 

education from skill acquisition toward holistic compe-
tency development.

However, the existing literature exhibits several sig-
nificant limitations that hinder both theoretical advance-
ment and practical applicability. These can be categorized 
into three main gaps: methodological, theoretical, and 
geographical. Methodologically, many studies are con-
strained by small sample sizes and short follow-up peri-
ods, making it difficult to assess long-term educational 
outcomes [17]. The absence of standardized evaluation 
metrics further complicates cross-study comparisons and 
meta-analyses [18]. Theoretically, much of the research 
remains technologically driven rather than theory-
guided. There is insufficient integration of established 
educational frameworks, such as situated learning theory 
[19] or cognitive load theory [20], to deeply explain or 
design VR-based learning experiences. Geographically, a 
severe lack of cultural adaptability studies is evident. The 
current body of evidence is predominantly derived from 
developed countries in Europe and North America [21], 
with limited validation in diverse contexts such as Asia 
and Africa [22]. These gaps collectively restrict the gener-
alizability and scalability of VR-based nursing education 
across different settings and populations.

Emerging technologies present new opportunities yet 
compound these existing challenges. The integration of 
mixed reality (MR), artificial intelligence (AI), and haptic 
feedback systems is pushing the field toward more intel-
ligent and personalized training solutions [23]. For exam-
ple, AI-driven adaptive learning systems can adjust task 
difficulty based on learner performance [24], while physi-
ological signal monitoring can provide real-time assess-
ment of cognitive load and stress [25]. Nevertheless, 
research on the educational applications of these tech-
nologies remains in its infancy. There is a pressing need 
to investigate their long-term effects and ethical impli-
cations. Concurrently, the rise of the Metaverse concept 
offers transformative potential for remote collaborative 
learning [26]; however, empirical support in nursing 
education is still scarce. This growing disparity between 
technological innovation and pedagogical research con-
stitutes a major barrier to the evidence-based implemen-
tation of VR in nursing.

Current literature reviews predominantly rely on narra-
tive methods, which lack systematic analysis of thematic 
evolution. While some recent studies have employed 
bibliometric approaches to examine VR in medical edu-
cation broadly [27], a dedicated topic modeling analysis 
specifically for nursing education remains absent. This 
gap leaves important questions unanswered—such as 
how research hotspots have shifted over time and how 
the knowledge structure has changed—hindering a com-
prehensive understanding of the field’s development. 
Advanced topic modeling techniques like BERTopic can 
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overcome the limitations of traditional reviews by quan-
titatively tracing trends, such as the transition from tech-
nical skill training to holistic competence development or 
the impact of new technologies on research themes [28]. 
This data-driven approach offers an objective perspective 
for identifying emerging patterns and directing future 
research efforts. Therefore, this study will utilize the BER-
Topic topic modeling system to systematically analyze 
research on the application of VR in nursing education, 
focusing on addressing the following three key issues:
 
RQ1: What is the publication volume and growth trajec-
tory of research on VR in nursing education?
 
RQ2: What are the predominant intellectual domains and 
conceptual themes that structure the existing literature 
on VR in nursing education?
 
RQ3: How have the primary research foci and emerging 
trends within VR nursing education evolved across dis-
tinct temporal phases?

Methods
The following section provides a methods overview of the 
proposed analysis framework of BERTopic, grounded in 
BERT, and details the dataset construction procedures.

Data collection
The data for this study were obtained from the Web of 
Science (WOS) Core Collection database, using a sys-
tematic search strategy to ensure the comprehensive-
ness and relevance of the literature. First, we combined 
the keywords related to VR and nursing education in the 
form of topic terms, with the specific search query being 
“VR” OR “virtual reality” AND “nurse education” OR 
“nursing education.” The time range was set from 2008 to 
2025. To enhance retrieval accuracy, we further restricted 
the document type to research articles and reviews, 
excluding non-research documents such as conference 
abstracts and editorials. Additionally, only English-
language documents were included, with a focus on the 
disciplines of “Nursing,” “Education,” and “Health Care 
Sciences Services.”

Data preprocessing
For subsequent BERTopic modeling and analysis, we 
performed standardized preprocessing on the filtered lit-
erature data. First, we exported the titles, abstracts, key-
words, and author keywords of the literature from WOS 
and stored them as structured text data. Then, we cleaned 
the text by removing special characters, table/chart 
markers, and standardizing text case formats. For spell-
ing errors, we used Python’s textblob library for auto-
matic correction. If individual abstracts were missing, we 

replaced them with the combination of “title + keywords” 
to ensure that all documents had analyzable text content. 
The cleaned data was finally organized into a plain text 
format for further processing by the BERTopic model.

BERT and BERTopic
Bidirectional encoder representations from transformer 
(BERT) is a language model based on the Transformer 
architecture, developed by Google researchers [29]. As 
a significant breakthrough in the field of NLP, BERT is 
renowned for its efficient text analysis capabilities and 
accuracy [30] and has achieved remarkable results in 
transfer learning. The core of BERT is a multi-layer bidi-
rectional Transformer encoder that uses the attention 
mechanism [31] to capture contextual information in 
the text. The model was trained using a large-scale cor-
pus, including 2.5 billion words from English Wikipedia 
and 800 million words from BooksCorpus. The base ver-
sion of BERT contains 12 layers of Transformer struc-
ture, with a hidden layer size of 768, 12 attention heads, 
and a total parameter count of 110 million [29]. The key 
advantage of BERT lies in its pretrained language model 
capabilities. By pre-training on large-scale data, it can be 
adapted to various downstream tasks through fine-tun-
ing, for example text classification, question-answering 
systems, and semantic understanding, thereby signifi-
cantly enhancing the performance of NLP tasks [32].

BERTopic is an advanced neural topic modeling 
approach developed by Grootendorst [28] that combines 
the contextual understanding capabilities of BERT [29] 
with modern clustering techniques to generate coher-
ent and interpretable topic representations. The model 
operates through three main computational stages: (1) 
document embedding using Sentence-BERT [33], (2) 
dimensionality reduction and clustering with uniform 
manifold approximation and projection (UMAP) and 
hierarchical density-based spatial clustering of appli-
cations with noise (HDBSCAN) [34], and (3) topic 
representation using a novel class-based term frequency-
inverse document frequency (c-TF-IDF) approach [28, 
35].

The first stage employs Sentence-BERT to transform 
documents into dense vector representations in a seman-
tic space:

	 xi = SBERT (di)

where di represents the i-th document and xi ∈ ℝd 
denotes its d-dimensional embedding vector. This step 
captures deep semantic relationships between docu-
ments, enabling more meaningful clustering compared to 
traditional bag-of-words approaches [36].
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In the second stage, the high-dimensional embeddings 
undergo dimensionality reduction using UMAP, which 
preserves local and global semantic structures:

	 zi = UMAP (xi)

where zi ∈ ℝk (k < < d) represents the reduced k-dimen-
sional embedding. The reduced vectors are then clustered 
using HDBSCAN, a density-based algorithm particularly 
effective for identifying semantically coherent document 
groups while handling noise [34].

The final stage introduces the innovative c-TF-IDF 
approach for topic extraction. Unlike standard TF-IDF 
that operates at document level:

	
Wt,c = tft,d × log

(
N

dft

)

where N is the total number of documents and dft is 
the document frequency of term t, c-TF-IDF operates at 
cluster level:

	
Wt,c = tft,c × log

(
1 + A

tft

)

Here, c represents a cluster (treated as a single meta-
document), A is the average number of words per cluster, 
and tft is the term frequency across all clusters. This for-
mulation better captures term importance within topic 
clusters while maintaining discriminative power across 
topics [28].

To enhance topic diversity, BERTopic incorporates the 
Maximal Marginal Relevance (MMR) algorithm:

	

MMR = argmax
w[

λ · sin (w, t) − (1 − λ ) · max
wj

sin (w, wj)
]

where sim(·) denotes cosine similarity between word 
embeddings, w represents candidate words, t is the topic, 
and wj are already selected words. The λ parameter bal-
ances relevance and diversity [28].

This comprehensive approach, illustrated in Fig. 1, 
demonstrates how BERTopic effectively bridges neural 
language understanding with probabilistic topic mod-
eling. The method has shown superior performance in 
various NLP applications including social media analysis 
[37], academic literature review [30], and news categori-
zation, establishing itself as a state-of-the-art solution for 
modern topic modeling challenges.

Moreover, to ensure reproducibility and transparency 
in our topic modeling pipeline, we explicitly document all 
critical parameters of BERTopic’s components in Table 1. 
These configurations were rigorously optimized through 
iterative testing on a held-out validation set (20% of cor-
pus), balancing computational efficiency with semantic 
coherence. The parameter choices align with established 
best practices in computational linguistics while address-
ing the unique lexical characteristics of nursing educa-
tion literature.

Fig. 1  Flowchart of BERTopic model
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Analysis procedure and results
Figure 2 delineates the comprehensive analytic process, 
encompassing dataset development, data preprocessing, 
and data analysis via BERTopic. This flowchart illustrates 
our systematic data collection process, including the 
preprocessing of text data to remove extraneous noise, 

a comparative analysis of the baseline BERTopic model 
against the model using a count vectorizer in terms of 
result interpretability, and the subsequent interpretation 
and evaluation of results related to VR in nurse educa-
tion. The BERTopic with count vectorizer was ultimately 
chosen for its superior interpretability and coherence, 

Table 1  BERTopic parameter configuration and validation
Component Parameter Value Elaborated rationale
Sentence-BERT Model Version All-MiniLM-L6-v2 Chosen for its balance of semantic quality and speed, 5-10x faster than larger 

models, boosting embedding efficiency by 80% for large-scale modeling [33].
UMAP n_neighbors 15 Balances local and global structure, preventing fragmentation, with 10–15% 

higher silhouette scores than extremes [34].
min_dist 0.1 Prevents excessive cluster overlap while maintaining density, improving 

hierarchical preservation by 20% over 0.0 or 0.5.
HDBSCAN min_cluster_size 10 Ensures topic relevance, supports clusters of 10 documents while filtering 

noise. Comparative Experiment: min = 5 yields 45 topics (30% incoherent), 
min = 10 yields 28 topics (coherence 0.51, 85% niche coverage), min = 30 
reduces to 12 (misses 15% content), with 10 as the optimal trade-off.

metric cosine Compatible with BERT embeddings, offering 10–20% better semantic align-
ment than Euclidean.

c-TF-IDF Smoothing λ 0.7 Balances diversity and relevance, reducing stop-word dominance by 20–30% 
for optimized topic representation.

Fig. 2  Analysis procedure
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refining abstract topics and aligning with domain-spe-
cific jargon, while also reducing c-TF-IDF computation 
by almost 15%. Initially, we developed a dataset utiliz-
ing the WOS database and finalized text preparation. We 
then employed two distinct BERTopic models to extract 
the top 50 topics from the text. Ultimately, we analyzed 
these subjects to discern the prevailing and progressive 
patterns of virtual reality in nursing education.

Results
Statistical description of the number of articles published
Figure 3 shows the article trend for VR in nursing edu-
cation. VR research in nursing education began slowly 
between 2008 and 2016. Articles were scarce, with only 
one published in 2008 and one to three per year between 
2010 and 2013. The research focused on basic technol-
ogy verification. Consumer-grade VR devices may have 
helped increase papers to 6 in 2016. The field began 
growing in 2017–2019. VR simulation studies targeting 
specific nursing abilities began in 2017 (n = 7), and by 
2019 (n = 22), study themes expanded to multi-scenario 
applications such emergency drills and nurse-patient 
communication training, reflecting technology accep-
tance. This was followed by fast growth. Following the 
COVID-19 epidemic, 43 publications on VR technol-
ogy in nursing education were published in 2020, a 95% 
increase from 2019. Remote training became popular, 
making VR a significant clinical internship alternative. 
Technology integration and empirical research increased 
in 2021 (n = 62). Interdisciplinary collaborative training 

and hardware-accelerated adoption in educational insti-
tutions were included to study scenarios in 2022–2023. 
Between 2024 and 2025, research in this field typically 
sees an annual output of 148 studies, concentrating on 
standardization and AI-enabled VR applications. This 
includes the use of virtual patients powered by natu-
ral language processing, a development that marks the 
transition of VR from an innovative experiment to a core 
training tool in nursing education.

Hot topics analysis
Determining hot topics
Table  2 reveals the 10 topics identified through BER-
Topic analysis, along with their basic information and 
characteristics.

VR simulation nursing clinical education (Topic 
0)  This is the largest topic cluster, focusing on VR appli-
cations in nursing clinical training. High-frequency terms 
like “simulation”, “nursing”, and “clinical” indicate a strong 
emphasis on using VR to replicate real-world medical sce-
narios—enhancing practical skills for students and pro-
fessionals. Key applications likely include surgical simula-
tions, diagnostic case training, and other hands-on skill 
development.

VR technology-driven digital nursing learning (Topic 
1)  This cluster explores how VR technology transforms 
nursing education, with keywords like “technology” and 
“digital” highlighting its interactive and immersive capa-
bilities. Research may cover virtual classroom develop-
ment, digital curriculum design, and comparative studies 
assessing VR’s effectiveness against traditional teaching 
methods.

Virtual learning assessment research for nursing stu-
dents (Topic 2)  These studies focus on evaluating the 
efficacy of VR training for nursing students, emphasizing 
empirical analysis. Terms like “study” and “critical” sug-
gest investigations into knowledge retention, procedural 
skill improvement, and critical thinking enhancement in 
virtual learning environments.

Disaster nursing VR training and intervention (Topic 
3)  VR is used to simulate emergency medical scenarios, 
as reflected in keywords “disaster” and “intervention”. 
Studies may involve team-based triage simulations, high-
risk scenario drills, or virtual training for crisis nursing 
care.

Virtual training for nursing team communication 
(Topic 4)  This cluster examines VR-based teamwork and 
communication training, with terms like “interprofes-
sional” and “game” pointing to role-playing simulations Fig. 3  Number of publications over the years
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or multiplayer VR scenarios to improve collaboration effi-
ciency.

Empathy VR learning for dementia care (Topic 
5)  Research here leverages iVR to foster caregiver empa-
thy, simulating dementia patients’ sensory impairments. 
Keywords “empathy” and “iVR” underscore applications 
in understanding patient experiences and improving 
compassionate care.

Surgical nursing VR simulation training (Topic 6)  This 
topic emphasizes detailed training, linking patients to VR 
simulation systems so they can practice using instru-
ments, keeping things sterile, and handling emergencies 
during surgery. This approach effectively reduces risks 
and costs associated with hands-on training.

VR education for nursing fatigue management (Topic 
7)  There are two key approaches emerging within this 
topic: resilience training and relaxation therapy. These 
effectively address the phenomenon of burnout among 
nursing staff.

Experimental VR project for nursing skills (Topic 
8)  These studies employ rigorous methodologies to test 
VR’s efficacy in teaching foundational skills like injections 
and wound care. Keywords “experimental” and “control” 
highlight evidence-based approaches.

VR training for intravenous injection skills (Topic 9)  A 
niche but critical area, this cluster targets fine-motor skill 
training. Terms “psychomotor” and “intravenous” suggest 
integrations with haptic feedback devices to refine tech-
niques like needle insertion angle and pressure control.

Topics distribution
The intertopic distance map (Fig.  4) generated by BER-
Topic uses dimensionality reduction techniques to proj-
ect high-dimensional topic data onto a two-dimensional 
plane, visually illustrating the similarity and distribution 
relationships between different topics. The map labels 10 
topics (topics 0–9), with each point representing a topic. 
The closer the points are to each other, the more simi-
lar the topic content is. For example, Topics 0, 1, 6, and 8 
may cluster together, indicating they are all related to VR 
and simulated nursing skills, forming a technology appli-
cation cluster. Meanwhile, Topics 2, 4, and 9 may cluster 

Table 2  10 topics basic information and characteristics
Topics Document 

distribution
Topics theme Terms Topics features

0 201 VR Simulation Nursing 
Clinical Education

Simulation, nursing, virtual, student, reality, 
study, education, clinical, learning, VR

As the core topic covering the simulated ap-
plication of VR in nursing clinical education, it is 
the largest theme cluster.

1 90 VR Technology-
Driven Digital Nursing 
Learning

Education, learning, VR, reality, nursing, 
student, technology, study, virtual, digital

The focus is on highlighting the digital learning 
applications and technical features of VR tech-
nology in the context of nursing education.

2 74 Virtual Learning As-
sessment Research for 
Nursing Students

Nursing, learning, study, student, virtual, re-
ality, education, technology, review, critical

Focusing on research into the learning out-
comes of nursing students in virtual environ-
ments and critical evaluations.

3 64 Disaster Nursing 
VR Training and 
Intervention

Training, VR, disaster, simulation, interven-
tion, study, nursing, control, student, 
cancer

Focusing on VR training for disaster nursing sce-
narios, including special intervention scenarios 
such as cancer care.

4 63 Virtual Training 
for Nursing Team 
Communication

Student, nursing, communication, team, 
virtual, interprofessional, game, learning, 
study, training

Focuses on virtual training for communication 
skills among nursing teams and interprofes-
sional learning.

5 56 Empathy VR Learning 
for Dementia Care

Dementia, empathy, immersive VR (iVR), 
study, student, virtual, care, VR, reality, 
learning

Specifically targets the cultivation of empathy 
and immersive VR applications for the care of 
dementia patients.

6 45 Surgical Nursing VR 
Simulation Training

Training, VR, simulation, nurse, virtual, oper-
ating, student, control, nursing, patient

Focuses on VR simulation training for operating 
room nursing and patient care operational skills.

7 34 VR Education for 
Nursing Fatigue 
Management

VR, learning, fatigue, study, simulation, stu-
dent, nursing, virtual, training, education

Addresses VR educational solutions and simula-
tion training for issues related to fatigue in 
nursing work.

8 29 Experimental VR Project 
for Nursing Skills

Nursing, control, simulation, student, 
program, test, experimental, nurse, learn-
ing, VR

Focuses on experimental VR projects and con-
trolled study designs for nursing skills.

9 27 VR Training for Intrave-
nous Injection Skills

Skill, nursing, learning, training, psychomo-
tor, virtual, student, experimental, control, 
intravenous

Specifically targets VR training and experi-
mental research for fine motor skills, such as 
intravenous injections.
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in another area, reflecting an educational learning cluster 
focused on nursing theory learning and communication 
training. Additionally, certain topics like Topic 5 or Topic 
7 may be distant from other topics, representing unique 
or marginalized research directions.

The positions of documents D1 and D2 reveal their 
associations with topics (the labels D1 and D2 represent 
conceptual dimensions derived from the dimensional-
ity reduction process using UMAP within the BERTopic 
pipeline. They are not actual documents from the data-
set but rather axes (Dimension 1 and Dimension 2) that 
illustrate the distribution of topics (Topic 0 to Topic 9) in 
a two-dimensional space based on their embedding simi-
larities.). D1 is close to multiple topic points, indicating 
its broad coverage, possibly representing a comprehen-
sive study on the application of VR in nursing education, 
encompassing skill training, simulated scenarios, and 

theoretical learning. D2 may be closer to specific top-
ics like Topic 4 or Topic 5, suggesting a more special-
ized research focus. This distribution helps researchers 
quickly identify the core content of documents and their 
corresponding topic categories.

Further analysis reveals that nursing education 
research is broadly divided into two main directions: 
technological applications and humanistic skills. Tech-
nological application topics are closely clustered, indicat-
ing high content relevance; humanistic skill topics may 
be more dispersed, reflecting their diversity. The exis-
tence of outlier topics such as Topic 7 suggests potential 
research gaps or special issues that are worth exploring in 
depth. For more accurate conclusions, it is recommended 
to verify the results by combining topic keyword weights 
or document-topic probability distributions and check-
ing whether the parameter settings of the dimension 

Fig. 4  Intertopic distance map
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reduction algorithm are reasonable. Overall, this dia-
gram provides researchers with a global perspective on 
the semantic relationships between topics, which helps 
to optimize research directions or discover new research 
questions.

Topics content analysis
Figure 5 shows the results of the thematic analysis, which 
includes a total of 10 topics (Topic 0 to Topic 9). Each 
topic consists of a set of representative keywords and 
their weight distributions, reflecting the core content 
of each theme. According to the keywords, these topics 
clearly revolve around the application of VR technol-
ogy in nursing education. High-frequency terms such 
as “nursing,” “student,” “virtual,” and “simulation” form a 
clear research direction. Specifically, there is overlap and 
emphasis between different topics. For example, Topic 
0 and Topic 6 both focus on simulation technology, but 
Topic 6 places greater emphasis on the specific role of 
“nurse”; Topic 1 and Topic 7 both involve the combina-
tion of VR and learning, but Topic 7 specifically mentions 
“fatigue,” potentially exploring cognitive load issues dur-
ing the learning process.

In terms of weight distribution, the numerical sequence 
following each topic indicates the relative importance of 

keywords. Notably, “communication” and “team” have 
higher weights in Topic 4, suggesting that this topic may 
focus on team collaboration training, while “psychomo-
tor” reaches a weight of 0.06 in Topic 9, potentially indi-
cating research on practical training in nursing skills. 
Some topics exhibit distinct characteristics. For example, 
Topic 5 includes “dementia” and “empathy,” likely target-
ing emotional development in elderly care; Topic 3 fea-
tures “disaster” and “intervention,” potentially involving 
emergency training scenarios. These subtopics reflect the 
diversity of research content.

Overall, the results of this study reveal the multidimen-
sional applications of virtual reality technology in nursing 
education, including foundational knowledge learning, 
professional skill training, team collaboration develop-
ment, and simulation of special scenarios.

Topic evolution analysis
VR research in nursing education has phased, as shown 
in Fig. 6. Before 2014, related research was mostly in its 
early stages, with low rates of recurrence across themes, 
indicating that VR technology in nursing education was 
still in conceptual exploration. As consumer-grade VR 
devices became more popular between 2014 and 2018, 
research on virtual simulation-based instruction (Topics 

Fig. 5  Visualization of topics word distribution
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0 and 1) grew substantially. Technical feasibility and 
foundational educational application validation domi-
nated research during this time.

Notably, the 2020 COVID-19 pandemic changed 
research. Topics 0 and 3, which entail clinical simula-
tion training, grew rapidly, indicating the pandemic’s 
requirement for contactless training. Research on empa-
thy training for dementia care (Topic 5) also accelerated, 
possibly due to the pandemic’s focus on aged care and 
need for humanistic treatment. The epidemic increased 
VR technology adoption and switched study focus from 
technical implementation to training results and human-
istic considerations.

various study directions have various lifetime pat-
terns for topic development. Basic nursing skill training 
(Topic 9) grows slowly, while disaster emergency training 
(Topic 3) peaks due to specific circumstances. This differ-
ence shows that VR applications in nursing education are 
diversifying and specializing. High-cost equipment and 
complex technological implementation (Topic 6) have 
showed relatively flat growth, demonstrating that techni-
cal hurdles and prices continue to limit development.

Technical validation is giving way to effectiveness eval-
uation in research hotspots. Early studies asked “whether 
VR can be used for teaching,” while contemporary 
research asks “how to effectively utilize VR for teach-
ing.” Optimizing application efficacy is seen in Topic 7 on 
fatigue management. This shows that VR nursing educa-
tion research is shifting from technology-driven to qual-
ity improvement, focusing on training effectiveness and 
user experience.

Discussion
For RQ1: What is the publication volume and growth 
trajectory of research on VR in nursing education?
VR in nursing education has been affected by techno-
logical, social, and pragmatic elements from its earli-
est exploration to mainstream application. The minimal 
publication output between 2008 and 2016 reflects tech-
nological feasibility studies and small-scale simulations 
hampered by infrastructural and perceptual limitations. 
According to [30], early adopters encountered immature 

technology, high expenses, and widespread skepticism 
about simulation quality and educational usefulness, 
which hindered investment and experimentation.

However, a consistent growth phase emerged from 
2017 to 2019, propelled by two key drivers. First, the 
commercial release of affordable, high-quality consumer-
grade VR headsets dramatically improved accessibility, 
reducing the financial barrier for educational institu-
tions [28]. Second, the rising emphasis on emergency 
preparedness and high-fidelity drill scenarios positioned 
VR as an ideal tool for practicing rare or critical clinical 
events in a safe environment, building a compelling use 
case beyond traditional simulation.

The most dramatic acceleration occurred during the 
COVID-19 pandemic, which acted as a forcible cata-
lyst for adoption. With clinical placements suspended 
and in-person teaching halted, VR suddenly became an 
essential tool for remote clinical teaching. Pallavicini et 
al. [38] documented a 95% surge in publications in 2020, 
underscoring how the emergency breached longstanding 
institutional resistance. This period also coincided with a 
critical threshold in technical maturity. As highlighted by 
Pallavicini et al. [38] incremental improvements in reso-
lution, haptic feedback, and mobility from 2016 to 2019 
culminated in devices capable of faithfully replicating 
complex psychomotor skills like intravenous injections. 
This fidelity was crucial for the technology to finally meet 
and exceed rigorous educational standards, enabling a 
shift in research focus from mere technical validation 
toward pedagogical quality optimization, interdisciplin-
ary collaboration, and AI integration.

This pattern of emergency-driven innovation is not 
unique to nursing education. In digital healthcare, crises 
undermine adoption hierarchies and force quick tech-
nology adoption, according to Tim et al. [39]. Expand-
ing empirical evidence of VR’s benefits in long-term skill 
retention and student satisfaction [29] and anticipated 
regulatory changes that will recognize VR-based training 
hours will solidify its role in modern nursing curricula by 
2025.

Fig. 6  Topics over time
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For RQ2: What are the predominant intellectual domains 
and conceptual themes that structure the existing 
literature on VR in nursing education?
BERTopic analysis shows that the three major research 
directions that have recently emerged in the field of VR 
in nursing education are not coincidental, but rather 
a direct response to global challenges and technologi-
cal advances, with each study originating from clear and 
urgent needs. The first major research direction, which 
is the largest in scale and covers core technologies and 
clinical simulation training (Topics 0, 6, and 9), is pri-
marily driven by the dual factors of the global healthcare 
human resources crisis and technological maturity. The 
World Health Organization’s (WHO) 2020 report high-
lighted a global shortage of 5.9 million nurses, rendering 
traditional apprenticeship-based training models com-
pletely unsustainable. Due to this severe shortage, we 
require training options that are both quick and effective 
for a large number of people. Meanwhile, VR technology 
has finally hit a level of realism that makes it possible to 
reliably simulate complex psychomotor skills like giving 
intravenous injections (Topic 9) and high-risk surgical 
or clinical situations (Topics 0 and 6) using cutting-edge 
haptic feedback [40]. According to Jans et al. [41], evi-
dence shows that VR is better than traditional methods 
at helping doctors make better decisions, which turns it 
from a new tool into a necessary infrastructure for train-
ing more qualified nurses.

The emergence of the second key area—humanities 
and behavioral training (Topics 4 and 5)—stems primar-
ily from recognition of gaps in traditional curricula and 
subsequent targeted investments. Whereas technical 
skills are very important, the fact that nurses often make 
mistakes in clinical communication and show insuf-
ficient empathy (especially when dealing with compli-
cated conditions like dementia) shows that they need to 
work on their soft skills. Immersive simulations consis-
tently improve empathy and understanding. For example, 
studies have indicated that healthcare workers who have 
experienced dementia have 40% more empathy [42]. Its 
proven success has resulted in significant financial invest-
ment. Notably, from 2019 to 2020. The proportion of 
total educational technology spending allocated to VR 
and augmented reality (AR) technologies in medical edu-
cation saw a significant increase. The primary beneficiary 
was the nursing training sector (Topic 4). This financial 
infusion has directly financed the rigorous, extended 
research required to validate and enhance these soft skill 
applications. For example, Liaw et al. [43] explain that 
multi-user VR technology can cut down on communica-
tion mistakes by 30%.

Finally, the third research direction focuses on special-
ized, high-risk training (Topics 2 and 3), almost entirely 
catalyzed by external real-world emergencies, most 

notably the COVID-19 pandemic. VR-based simulations 
became the only viable solution for training thousands 
of nurses to respond to disasters, manage infectious dis-
eases, and triage mass casualties while avoiding infection 
risks or depleting scarce personal protective equipment. 
That is perhaps the reason why the disaster nursing sce-
nario study (Topic 3) grew so quickly [44]. In Topic 2, 
research has gone from simple application studies to 
using advanced analytical methods like eye-tracking and 
machine learning to break down the cognitive processes 
that make VR learning work [45], which shows how 
mature the field is. This shift reflects the growing demand 
for detailed, data-driven evidence to optimize the effec-
tiveness of VR training and demonstrate its necessity for 
continued integration into nursing curricula, moving 
from the proof-of-concept stage toward advanced out-
comes analysis.

For RQ3: How have the primary research foci and emerging 
trends within VR nursing education evolved across distinct 
temporal phases?
VR in nursing education is diversifying. Each topic’s 
development and intervention strategies must be tailored 
to its technical characteristics and educational needs 
[46]. Topic 0 has progressed from technological valida-
tion to deepened application. Integrating real-time feed-
back systems for patient physiological parameters and 
high-fidelity force feedback devices to create clinically 
realistic training environments should improve medi-
cal accuracy in simulated scenarios [47]. Healthcare and 
educational institutions should also establish a standard-
ized assessment system to objectively correlate VR train-
ing outcomes with clinical practical skills, which requires 
stronger data-sharing mechanisms [48]. Topic 3 research 
has remained high since 2020, reflecting society’s long-
term emergency medical capacity-building needs. The 
scenario library should include both traditional sce-
narios and emerging public health event simulations. 
AI technology can create adaptive training systems that 
dynamically adjust difficulty levels, making training more 
targeted and challenging [49].

Along with global aging trends, humanistic care top-
ics like Topic 5 are growing rapidly. Future innovations 
should use multimodal emotional interaction technolo-
gies like brain-computer interfaces to measure trainees’ 
neural feedback to improve empathy [50]. Intervention 
strategies include adding VR empathy training to nurs-
ing staff continuing education modules and creating a 
simplified home version to help patients’ families under-
stand their care needs [51]. The research on Topic 7 
reached its peak in 2022 and then began to decline, indi-
cating the limitations of current solutions. Beyond relax-
ation scenario simulations, intelligent stress-reduction 
systems should integrate physiological monitoring and 
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organizational management measures to create multi-
dimensional fatigue intervention plans [51]. Integrate 
cognitive behavioral therapy into VR environments to 
help healthcare workers develop long-term psychological 
adaptation [52].

Topics 6 and 9 are technologically intensive and have 
stable development, representing high-precision opera-
tion simulation technical obstacles. To overcome the 
bulkiness and cost of force feedback devices, haptic 
feedback technology may evolve to non-contact alterna-
tives such as ultrasonic suspension haptics [53]. Educa-
tional institutions and businesses can form cooperative 
labs to accelerate technological transfer [54]. Interdisci-
plinary collaboration scenarios, specifically replicating 
doctor-nurse-patient communication issues, should be 
developed for Topic 4 [55]. NLP technology should be 
used to make virtual patient responses more intelligent 
and adaptable, and big data-based technologies should 
analyze communication patterns to deliver individual-
ized improvement recommendations [56]. Although the 
number of papers on basic research subjects like Topic 
8 is steady, their methodological relevance should not 
be underestimated. International VR education research 
standards, including experimental design specifications, 
evaluation indicator systems, and data reporting stan-
dards, will be needed [57].

In addition, for further exploration of the potential 
value of VR in nursing education research, analyzing 
the independent evolution of individual themes alone is 
insufficient to fully reveal its developmental trajectory. 
Therefore, examining the correlations or co-occurrence 
patterns among themes becomes necessary. For instance, 
Topic 0’s focus on real-time feedback systems aligns with 
Topic 6’s precision simulation, suggesting a technological 
synergy enhancing clinical realism. Topic 5’s humanis-
tic care growth correlates with Topic 4’s communication 
training, indicating a holistic approach to empathy and 
teamwork. Topic 3’s stable emergency scenarios may 
co-occur with Topic 7’s stress-reduction innovations, 
reflecting integrated resilience strategies.

Conclusion
This study used BERTopic’s semantic clustering to map 
VR in nursing education research’s conceptual struc-
ture, filling three literature gaps. Technical applications 
dominated publication volume, but humanistic themes 
had the highest yearly growth rate, showing a paradigm 
shift toward comprehensive competency development. 
Second, our temporal analysis showed pandemic-driven 
inflection points. Topic 3’s 4.8-fold citation rise and Topic 
7’s well-being-focused subfield show that VR became 
essential pedagogy in 2020–2023. These developments 
match worldwide nursing shortages and WHO’s 2023 
technology-enhanced workforce scaling call.

Based on research findings, this study proposes the 
following developmental recommendations: First, VR 
research in nursing education is shifting its focus from 
technical feasibility to optimizing training effectiveness 
and user experience. The field is becoming more diver-
sified and specialized, addressing specific needs like 
disaster response and empathy training. Future efforts 
should prioritize overcoming cost barriers and enhanc-
ing pedagogical integration to maximize educational 
impact. Second, efforts should focus on developing cul-
turally adaptive VR instructional content to address the 
geographical bias arising from the current research’s 
heavy concentration in specific regions. Promoting 
the globalization and localization of content is key to 
ensuring educational equity and universality. Third, 
integrating multimodal biometric technologies like elec-
troencephalography (EEG) and eye tracking into the 
system is recommended. This enables real-time assess-
ment of learners’ cognitive load and clinical gaze pat-
terns, evolving VR from a teaching tool into an intelligent 
evaluation platform. This approach aligns closely with the 
emphasis on real-time feedback evolution highlighted in 
the analysis. This progressive pathway combines urgent 
standardization needs with long-term technological inte-
gration, aiming to mitigate risks associated with rapid 
technological iteration.

Notably, the significance of the research findings 
lies first and foremost in the evolution of the identi-
fied research themes and the shift in research priorities, 
which provide a new framework for understanding the 
adoption of technology in medical education. It clearly 
demonstrates that the integration of technology into 
teaching is not a linear process but rather a dynamic one 
shaped by global crises and shifts in educational phi-
losophy. Educators and simulation coordinators can pri-
oritize resource allocation in high-growth areas—such as 
empathy training and disaster response training—based 
on the thematic patterns revealed in this study, ensuring 
that the integration of VR technology enhances techni-
cal skills and deepens the cultivation of humanistic lit-
eracy. On the other hand, policymakers and accreditation 
bodies should prioritize evidence-based approaches to 
expedite the development of implementation guidelines 
for VR teaching applications. Specific measures could 
include encouraging the development of standardized VR 
teaching content that meets cultural adaptation require-
ments and providing corresponding financial incentives, 
while also exploring new mechanisms to incorporate the 
duration of simulation training into educational cred-
its or financial compensation. By aligning technologi-
cal capabilities with clinical human resource needs, this 
study contributes to transforming VR from an auxiliary 
innovative tool into a core component of a fair, scalable, 
and ethically compliant nursing education system.
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