
Mergen et al. Systematic Reviews           (2023) 12:97  
https://doi.org/10.1186/s13643-023-02266-6

PROTOCOL Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Systematic Reviews

Reviewing the current state of virtual reality 
integration in medical education – a scoping 
review protocol
Marvin Mergen1*  , Marcel Meyerheim1 and Norbert Graf1 

Abstract 

Background Due to an increasing focus of medical curricula on clinical decision-making skills, new learning tools are 
constantly developed. Virtual reality (VR) is one of the emerging technologies with the potential to improve health 
professionals’ education. Highly realistic learning experiences with repeatable training scenarios can be created within 
a protected environment that is independent from real patients’ presence. Our project “medical tr.AI.ning” is following 
this approach aiming to simulate immersive virtual first-person scenarios with intelligent, interactable virtual patients. 
So far, VR has been mainly used in surgical training, but there is evidence for effectiveness in training different pro-
cedural skills, such as cardiopulmonary resuscitation, knowledge acquisition, and improvement of reasoning and 
creativity, while still being cost-effective.

The objective of this scoping review is to explore the usage and identify key areas of VR applications in the field of 
medical education. Furthermore, the corresponding requirements, evaluation methods and outcomes, advantages, 
and disadvantages will be covered.

Methods This scoping review protocol implements the updated JBI Scoping Review Methodology. In March 2022, a 
preliminary literature research in PubMed was performed by two independent reviewers to refine search terms and 
strategy as well as inclusion criteria of the protocol, accounting for actuality and scientific relevance. The final search 
will be conducted using PubMed, ScienceDirect, Cochrane Library, Web of Science Core Collection, and JBI Evidence 
Synthesis. Search, study screening, and data extraction will be done in parallel and independently by two reviewers. 
Discrepancies will be handled by consensus or consulting a third review author.

Discussion With this scoping review, we anticipate collating the range of application of VR in medical education 
while using a transparent and reproducible search strategy. This may contribute to the design and development of 
novel educational VR platforms and their integration into medical curricula while pointing out previous omissions and 
pitfalls.
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Background
Medical education is transforming by successively focus-
sing more on digital learning methods. Adaption and 
inclusion of new technologies are supported by rapid 
advances in computer science which enable virtual reality 
(VR) to cover an increasing number of use-cases for edu-
cating medical students, doctors, and nurses.
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So far, in the medical context VR has successfully 
but mainly been used in robotic surgery training [1]. 
As shown by Izard et  al. (2018), virtual reality tools 
can be used to acquire detailed knowledge about 
surgical procedures. This technology enables users 
to repeat every procedural step as many times as 
required regarding the individual learning progress. 
An approach which would otherwise not be feasible in 
real-world conditions [2].

A study of Guitiérrez et  al. (2007) already suggests a 
high benefit in acquisition of knowledge through immer-
sive VR training compared to screen-based systems by 
examining first-year medical students at The University 
of New Mexico School of Medicine. One group experi-
enced a fully immersive VR environment using a head-
mounted display (HMD), while another group tested 
a partially immersive VR environment on a computer 
screen. The results showed benefits for both groups with 
significantly higher knowledge gain in the fully immer-
sive VR group [3].

Especially in life-threatening situations, repeti-
tive training cannot be carried out without risking the 
patient’s life. Learning in these stressful moments is very 
challenging. Creutzfeldt et al. (2016) addresses these sce-
narios by proving that virtual training in serious games is 
effective for learning cardiopulmonary resuscitation [4].

Not only during pandemic  situations as with SARS-
CoV-2, communication skills, e.g., talking to patients 
who refuse vaccination, are of great importance for 
healthcare providers. As Real et al. (2017) showed, these 
skills can successfully be trained with VR simulations 
closing a substantial deficit in medical schools [5]. The 
possibility of repetitive communication training includ-
ing emotional management, as well as critical thinking 
and clinical decision-making will obviously improve by 
interactive case scenarios within a secure virtual envi-
ronment. This was shown in an article by Burke et  al. 
(2016), where virtual interactive cases were integrated 
into a nursing educational program. Logical reasoning 
and creativity have been leveraged by active engage-
ment through virtual patient interactions [6].

VR learning platforms are used by the University of 
Northampton and the University of Oxford for training 
nurses, medical students, and doctors. The feedback of 
participants in these universities is very positive, like the 
one from the Nursing Faculty of the University of North-
ampton: “Technological developments are allowing us to 
do this in a safe and supportive learning environment, 
focusing on immediate feedback and the opportunity to 
repeat the scenarios and improve over time.” The faculty 
of the University of Oxford stated: “Embedding VR simu-
lation into what we do has enabled us to give a far greater 
number of learners access to simulation in a shorter 

space of time, and lets them do it as often as they like to 
transfer their knowledge to practice.” [7].

The practical benefit of VR has been leveraged during 
the SARS-CoV-2-pandemic. VR simulations are a help-
ful tool that can offer valuable training of, e.g., hand dis-
infection, nasopharyngeal swab-taking, and donning/
doffing of personal protective equipment-skills that are 
of great importance when it comes to preventive behav-
ior in terms of spreading SARS-CoV-2. Birrenbach et al. 
(2021) successfully used VR training for COVID-19-re-
lated skills, supporting evidence that “VR is a useful tool 
for acquiring simple and complex clinical skills” [8].

To enhance acceptance of VR technology among stu-
dents, Walter et al. (2021) suggest integration of VR sim-
ulation into the curriculum of medical schools [9]. In a 
study of De Ponti et al. (2020), overall students’ percep-
tion of virtual training during a time when hospital access 
for them could not be guaranteed was very positive. Vir-
tual simulations can secure proper medical education 
even if practicing in a live hospital environment is not 
possible [10].

Using virtual reality for educational purposes requires 
an expensive hardware infrastructure. But even counting 
in these expenses, training with VR simulations is cost-
effective in the long term compared to manikin- or actor-
based trainings [11].

By conducting this scoping review, we want to gain an 
overview of current VR usage in medical education and 
define requirements as well as advantages and disadvan-
tages of integrating this technology for training health 
professionals.

Due to outstanding technical advances and boosted by 
the pandemic, research in digitalization and particularly 
VR has grown rapidly during the last decade, providing a 
reliable foundation for this review.

According to literature, the first decade of the twenty-
first century was known as the “VR winter” with lit-
tle public interest in this new technology. Nevertheless, 
there was ongoing but limited research, mostly in corpo-
rate, academic, and military research laboratories around 
the world. Expenses for hardware (> 35,000$ for an 
HMD +  > 30,000$ for tracking) and fragile infrastructure 
further restricted widespread usage. Around 2011, inter-
est in consumer-grade VR renewed, mostly for enter-
tainment. Strong technological efforts from big-name 
companies such as Valve, NVIDIA (and then start-up 
Oculus) helped to transition the HMD-based VR tech-
nology from specialized lab instruments available only to 
the technical elite to a mainstream mode of content con-
sumption available to any consumer [12].

This work is conducted within the scope of the cur-
rent project “medical tr.AI.ning” [13], which will be an 
AI-based immersive virtual reality learning platform 
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simulating realistic clinical scenarios with the help of 
intelligent, interactable virtual patients, in order to ena-
ble medical students practicing clinical decision-mak-
ing. This platform will be able to solve many practical 
and ethical problems that current medical education 
faces and will help to better prepare medical students 
for future clinical practice. With the inclusion of a dedi-
cated authoring tool, it will be possible to compose and 
individualize a large variety of unique medical train-
ing scenarios including various types of diseases. Not 
only symptoms, but also physiological parameters, 
diagnostic outcomes, subliminary diagnostic data, and 
even the context where a consultation happens, can 
be varied within scenarios ranging from private prac-
tice to virtual hospitals. This will provide a new form 
of situated learning addressing clinical skills and their 
management.

During the preliminary search in PubMed, one scop-
ing review protocol [14] and its corresponding scoping 
review [15] addressing a similar topic were identified. 
Jiang et al. investigated the usage of VR in undergrad-
uate or preregistration medical students’ education. 
Their review focuses on how this technology has been 
applied, which VR tools were used and the provided 
features.

Our scoping review will go beyond the above review 
by answering additional questions covering how VR has 
been integrated in medical education and training not 
only for undergraduate medical students, but also further 
health care professionals such as physicians and nurses. 
In addition, reported requirements, evaluation methods, 
and their outcomes are pointed out as well as advan-
tages and disadvantages of VR technologies in medical 
education.

In addition, it must be noted that this work is part of 
a major project that itself will contribute eminently to 
shaping the world of virtual reality in medical education, 
since we aim to develop a VR training platform called 
“medical tr.AI.ning” that will contain the highest stand-
ards of immersion and interactivity by enabling students 
to practice clinical reasoning with interactive, virtual 
patients in an authentically simulated environment.

The objective of this scoping review is to investi-
gate use-cases of VR in medical education and to assess 
requirements, evaluation, and advantages and disadvan-
tages of this technology to establish a baseline on which 
further VR projects can be developed, evaluated, and 
integrated into medical curricula.

Review questions
Applying the PCC concept our review deals with the fol-
lowing aspects:

Participants
We investigate reviews that cover studies on VR usage 
in education of medical and nursing students, registered 
nurses, and qualified physicians.

Concept
We examine VR technology as a tool for health pro-
fessional education while addressing research ques-
tions considering its global spread, targeted end users, 
reported requirements, evaluation methodology, and 
outcomes.

Context
In this scoping review, we solely focus on publications 
that address medical education. Since the cost of VR 
hardware is still high, geographical differences could 
play a role considering their mean income. Moreover, 
findings can support future endeavors in the develop-
ment and integration of VR in medical education.

With this review we want to answer the following 
questions:

1. In which subject/curricula is VR used in medical 
education?

2. How often is it used for medical/nursing students, for 
qualified physicians, for registered nurses?

3. How many reviews are from Germany, Europe, 
worldwide in general published in English or German 
language?

4. Which technical and didactic requirements are 
reported for using VR in medical education?

5. Is VR evaluated in medical education? If yes, how is it 
evaluated and which outcomes are reported?

6. Which advantages of VR in medical education are 
reported?

7. Which disadvantages of VR in medical education are 
reported?

Methods
The proposed scoping review will be conducted in 
accordance with the updated JBI methodology for scop-
ing reviews [16]. The respective protocol for this review 
was developed considering the PRISMA-P 2015 checklist 
[doi: 10. 1186/ 2046- 4053-4-1].  

Inclusion criteria
This scoping review will include studies which cover the 
application of VR in education of medical and nursing 
students, doctors, and nurses. Resulting from the prelim-
inary search in PubMed, the literature search is narrowed 
down to only reviews on articles about corresponding 
studies, because they summarize the knowledge gain, 

https://doi.org/10.1186/2046-4053-4-1
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developments, and directions within this research field 
most comprehensively and accurately.

Only publications in English and German as lan-
guages of the authors were considered.

Respecting the time needed to conduct studies and 
release respective publications and reviews, 2012 
seems to be the earliest year with reasonable refer-
ences after public interest in VR renewed in 2011.

Reviews with no focus on educational purposes, e.g., 
the application of VR in actual treatment and studies 
that focus on augmented/extended/or mixed reality 
are excluded.

Primarily, we want to address requirements, evalua-
tion, advantages, and disadvantages of VR technology 
in medical education. Nevertheless, the overarching 
concept of this scoping review is to find out, how and 
in which medical curricula VR has been already used.

Search strategy
The search strategy will aim to locate published stud-
ies. A three-step search strategy will be utilized in 
this review. First an initial individual limited search 
of PubMed was undertaken independently by two 
authors to identify articles on the topic. By compar-
ing search terms, analyzing the text words contained 
in the titles and abstracts of relevant articles, and the 
index terms used to describe the articles, a full search 
strategy for PubMed, ScienceDirect, Cochrane Library, 
Web of Science Core Collection, and JBI Evidence 
Synthesis was developed (Table  1) and reviewed by a 
third review author. The search strategy, including all 
identified keywords and index terms, will be adapted 
for each included database and/or information source 
and performed by two independent reviewers. Stud-
ies published since 2012 and written in English or 
German will be included. The reference lists of all 
included sources of evidence will be screened for addi-
tional studies.

Study/source of evidence selection
Following the search, all identified citations will be 
uploaded into Mendeley Desktop (version 1.19.8, 2020) 
and duplicates will be removed. After a pilot test, titles 
and abstracts will then be screened by two independent 
reviewers for assessment against the inclusion criteria for 
the review. Potentially relevant sources will be retrieved 
in full, and their citation details imported into the JBI 
System for the Unified Management, Assessment and 
Review of Information (JBI SUMARI) [17]. The full text 
of selected citations will be assessed in detail against the 
inclusion criteria by two independent reviewers. Reasons 
for exclusion of sources of evidence at full text that do not 
meet the inclusion criteria will be documented. Any disa-
greements that arise between the reviewers at each stage 
of the selection process will be resolved through discus-
sion or with an additional reviewer. The results of the 
search and the study inclusion process will be reported 
in full in the final scoping review and presented accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses extension for scoping review 
(PRISMA-ScR) checklist, including the PRISMA2020-
flow diagram [18].

Data extraction
Data will be extracted from citations included in the 
scoping review by two independent reviewers using the 
data extraction tool of JBI SUMARI. The data extracted 
will include specific details about the subject or curricu-
lum in which VR was used, which requirements had to be 
met, if evaluation was performed and how, its outcomes, 
and the described advantages and disadvantages of VR 
in medical education. The data extraction form will be 
piloted and reviewed by a third author.

A draft extraction form is provided (Table 2). The draft 
data extraction tool will be modified and revised as nec-
essary during the process of extracting data from each 
included evidence source. Modifications will be detailed 
in the resulting scoping review. Any disagreements that 

Table 1 Full search strategy in PubMed, conducted in March 2022

#1 "Virtual Reality"[Mesh] OR “virtual realit*”[tw] OR VR[tw] 19,800 results

#2 "Students, Medical"[Mesh] OR “Education, Medical"[Mesh] OR “medical educat*”[tw] OR “medical 
teach*”[tw] OR “medical train*”[tw] OR “health professional educat*”[tw] OR “health professional 
teach*”[tw] OR “health professional train*”[tw] OR “medical school” [tw] OR “nursing train*”[tw] OR 
“nursing teach*”[tw] OR “nursing educat*” [tw] OR “physician train*”[tw] OR “physician teach*” [tw] 
OR “physician educat*”[tw] OR “doctor train*”[tw] OR “doctor teach*”[tw] OR “doctor educat*” [tw] OR 
“health care professional train*” [tw] OR “health care professional educat*”[tw]

314,100 results

#3 #1 AND #2 1,734 results

#4 #1 AND #2 Filters: Review 246 results

#5 #1 AND #2 Filters: Review, English 227 results

#6 #1 AND #2 Filters: Review, English, German 234 results

#7 #1 AND #2 Filters: Review, English, German, from 2012—2022 169 results



Page 5 of 6Mergen et al. Systematic Reviews           (2023) 12:97  

arise between the reviewers will be resolved through dis-
cussion or with an additional reviewer. If appropriate, 
authors will be contacted to request missing or additional 
data, where required.

Patient and public involvement
This scoping review protocol and the final scoping review 
do not include patient recruitment or public involvement.

Data analysis and presentation
Evidence will be presented in tabular form. A narrative 
summary will accompany the tabulated and/or charted 
results and will describe how the results relate to the 
reviews objective and questions. We will report findings 
in line with the “Preferred Reporting Items for System-
atic Reviews and Meta-Analysis: extension for Scoping 
Reviews’ checklist [16].

Discussion
The conduct of a scoping review enables to cover a broad 
range of published literature. The objective of this review 
is to display the diverse range of VR that has been applied 
in medical education yet. This review provides a trans-
parent and reproducible search strategy in agreement 
with the updated JBI methodology for scoping reviews 
[14]. The methodology includes that literature will not 
be analyzed in terms of quality. The resulting review will 
comprise the identification of requirements for technical 
and didactical implementations, evaluation methods, and 
results. This will offer stakeholders to concisely detect 
crucial aspects for the design and development of VR 
applications and acquire knowledge about their integra-
tion into medical curricula. Findings will be disseminated 
through professional networks and submission of the 
resulting review to a peer-reviewed scientific journal.
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