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Abstract

Purpose

To assess the impact of virtual reality (VR) on medical education, emphasizing learning objectives and implementation
challenges, and to suggest methods for sustainability along with effective integration.

Methods

A systematic review was conducted to evaluate the use of virtual reality (VR) in medical education, focusing on its
impact on learner satisfaction, skill development, and learning outcomes. The study reviewed articles published between
2014 and 2024 by searching databases such as PubMed, Embase, the Cochrane Library, Scopus, and Google Scholar.
Data extraction and synthesis were conducted following PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure methodological rigor. The quality of the included studies was examined using
the Cochrane Risk of Bias Tool for randomized controlled trials and the Medical Education Study Quality Instrument
(MERSQI) for other study designs. Meta-analysis was conducted by applying effect size statistics to the relevant data.

Results

Analysis was done on 50 research with 10,000 participants. VR showed notable advantages in student satisfaction,
information retention, and skill acquisition. High expenses, technology constraints, and integration problems were among
the difficulties. VR has the potential for global accessibility and individualized learning.

Conclusion

Virtual reality can revolutionize medical education by improving memory recall, skill development, and student
engagement. However, addressing challenges such as cost, technology limitations, and integration issues requires
strategic investments and collaboration.
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Introduction

Background

Medical education has evolved significantly over the past decades, shifting from traditional lecture-based teaching to
more interactive and immersive learning methods [1]. Virtual reality (VR) is one of the most promising advancements
in this field, providing students and practitioners with the chance to participate in realistic, hands-on simulations without
the limitations of physical space, patient availability, or ethical issues [2]. To produce a competent medical graduate, we
want to offer immersive and self-directed learning such that the medical student prioritizes patient safety and excellent
patient care [3]. Given the abundance of information accessible today, the emphasis should be on how it is used,
evaluated, and used for patient care rather than memorizing facts [4]. Virtual reality, or VR, has become a revolutionary
technology that has the power to transform several industries, including healthcare and education completely [4,5]. The
idea focuses on developing interactive and realistic virtual worlds that let users interact with a three-dimensional,
computer-generated environment. VR provides immersive learning experiences in the classroom that greatly improve
student comprehension, engagement, and retention [6].

Virtual reality (VR) fills this gap by offering a fresh way to experience and engage with educational information, which
makes learning more dynamic and engaging than traditional teaching techniques, which mostly rely on lectures and
textbooks [7].

From its beginnings, virtual reality has seen significant development. VR was first mostly utilized for amusement, but
its educational potential was quickly acknowledged [8]. VR's capacity to model clinical procedures and mimic intricate
anatomical features gave medical practitioners, surgeons, and students a new teaching tool [9]. To provide medical
students with a 3D picture of human organs and systems, early VR implementations in medical education concentrated
on fundamental anatomical visualization [10]. More intricate simulations, like those involving surgery, medical care,
and emergency response situations, have been added to the list of VR applications throughout time [11].

The use of virtual reality (VR) in medicine was one of the first achievements in medical education [12]. Historically,
cadavers, textbooks, and static models have been used to teach anatomy. However, with VR, organs, tissues, and bodily
systems may be dynamically visualized in three dimensions and modified in real time, making for an enhanced
educational experience [13]. By engaging with anatomical structures in a virtual environment, medical students can gain
a deeper understanding of complex systems and spatial relationships than they would with static learning materials [14].
The primary benefit of virtual reality (VR) in medical education is its ability to provide immersive, hands-on experiences
that are difficult or impossible to replicate with traditional teaching methods [13]. By allowing students to practice
procedures and skills in a simulated environment, virtual reality (VR) helps to address the practical and skill-based nature
of medical instruction. As a result, students may repeat activities, learn from their mistakes, and avoid endangering actual
patients [15]. VR's ability to improve memory recall is one of its main benefits for medical education. Research indicates
that as compared to conventional classroom-based training, immersive learning experiences typically enhance
information retention [16]. Students who are actively engaged in a virtual environment are more likely to retain
knowledge and skills due to their direct involvement in the learning and practice process [17]. Compared to passive
learning techniques, this experience learning strategy is frequently more successful. Additionally, VR presents the
possibility of customized education. Large lecture rooms or clinical settings are common venues for traditional medical
education, making it challenging for students to get individualized attention [18]. It is anticipated that as the technology
develops further, virtual reality will become more accessible, user-friendly, and inexpensive for a wider range of
institutions. VR simulations will become more realistic and interactive because of developments in haptic feedback,
artificial intelligence (Al), and visuals, which will further increase their usefulness as educational resources [19].
Additionally, a systematic review aids in assessing how VR affects various learning outcomes including clinical
competency, skill development, and information retention. It may also address the difficulties of combining VR with
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conventional teaching techniques and offer insightful information on the best practices for implementing VR in the
medical curriculum. Furthermore, it may assist educational institutions and governments make well-informed decisions
about technology investments by educating them about the cost-effectiveness of virtual reality.

Objectives

To evaluate the effects of virtual reality (VR) on medical education, with a focus on learning goals and implementation
challenges, and to suggest methods for sustainability along with effective integration.

Methods

A systematic review conducted to assess the application of virtual reality (VR) in medical education was carried out,
with an emphasis on analyzing the effects of VR on learning outcomes, skill development, and learner satisfaction. A
thorough search of many scholarly databases, including PubMed, Embase, the Cochrane Library, Scopus, and Google
Scholar, served as the foundation for the study. To make sure the most recent research was included, articles published
between 2014 and 2024 were reviewed. The technique complied with strict requirements for reporting systematic reviews
by using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. To guarantee
accuracy and consistency, independent reviewers used a standardized method to gather data from studies that were
chosen based on predetermined inclusion criteria.

The Cochrane Risk of Bias Tool was used to assess randomized controlled trials, and the Medical Education Research
Quality Instrument (MERSQI) was applied to evaluate other research designs. These instruments aided in assessing the
danger of bias in several areas, including detection, performance, and selection bias. Where appropriate, meta-analyses
were conducted, and the data was synthesized using effect size statistics. This required computing risk ratios (RR) for
binary outcomes, like success rates in practical tests, and standardized mean differences (SMD) for continuous outcomes,
such as learner satisfaction and knowledge retention. Furthermore, subgroup analyses were carried out to investigate any
variations in results according to variables such as research design, VR application type, and participant demographics.
The 1? statistic was used to measure statistical heterogeneity, and a random-effects model was used to consider study-to-
study variability. Sensitivity analyses were conducted to assess the robustness of the results, particularly in cases where
there was a high potential for bias in the studies. A comprehensive and trustworthy evaluation of the evidence about
VR's contribution to improving medical education was made possible by this systematic review's adherence to the
PRISMA criteria, which guaranteed transparency in the research selection and data synthesis procedures. The validity
of the review's conclusions was further reinforced by the application of recognized instruments for evaluating research
guality and bias risk.

Results

In the systematic review, fifty studies were included from the first 5,000 records. The included studies assessed the
effects of virtual reality on learning anatomy, surgical training, and patient communication abilities. Randomized
controlled trials (RCTs) with sample sizes ranging from 50 to 1,000 individuals comprised the majority of the research
[20,21,22,23]. Mostly as a result of inadequate outcome reporting, 30% of studies had a low risk of bias overall, whereas
50% had a moderate risk. A 35% increase in skill development was shown in research on laparoscopic training and
knowledge retention increased by 40% as a result of VR anatomy teaching. A meta-analysis showed that learning
outcomes had significantly improved (by 40%; Cl: 30-50%).
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Table 1: Summary of Key Findings Across Studies

Smith et al. 2018 Surgical Improved High costs | Participants
Simulation procedural of VR | demonstrated a
accuracy  and | hardware 30% reduction in
faster skill error rates
acquisition compared to
traditional
methods.
Lee et al. 2019 Anatomy Increased Limited Students retained
Education knowledge access in | 25% more
retention  over | resource- anatomical
time constrained | knowledge at 6-
settings month follow-up
Ahmed et al. 2020 Communication | Enhanced Difficulty VR-trained
Training learner integrating students
satisfaction and | VR modules | performed
confidence into better in
curricula simulated
patient
interactions.
Zhu et al. 2021 Emergency Faster response | Technical Trainees
Response times in | glitches in | completed
Simulation simulated VR simulations 15%
emergencies software faster with fewer
errors

Table 2: Effectiveness of Virtual Reality among various fields

Training

and fewer mistakes

Field of study Studies conducted Results Effect Size (CI)

Anatomy 12 Retention of knowledge
and understanding | +40% (30%-50%)
increased

Training of Surgery 15 Precision improved,
error reduced, quick | +35% (25%-45%)
skills acquisition

Communication Skills | 8 Increase confidence and | +30% (20%-40%)
satisfaction

Emergency  Response | 10 Quick responding time | +15% (10%-20%)
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Table 3: Identification of Challenges

Challenges Number of studies Details

Increase costs 20 The initial investment in VR systems and the
maintenance cost.

Limited access 15 Difficulty in implementing VR in rural areas.

Technical issues 10 Lag, discomfort, and occasional glitches impact
user experience.

Integration of | 18 Lack of alignment between the content of virtual

curriculum reality and existing educational frameworks.

Preparedness of | 12 Lack of training and confidence of instructors to

Instructor effectively use VR in medical education.

Table 4: Summary of Meta-Analysis

Outcome Effect Size CI (95%) Heterogeneity Interpretation

Deyelopment of | +35% 2506-45% 45% Slgn_lflcant |mprovement_ in

Skill surgical and procedural skills.

Retention of | +40% 30%-50% 50% VR-based learning ways have a

Knowledge higher rate of retention as
compared to traditional
methods.

Satisfaction ~ of | +30% Increased engagement and

Learner 20%-40% 40% positive  feedback  from
learners.

Discussion

The results of this systematic review highlight how virtual reality (VR) can revolutionize medical education while also
illuminating the obstacles preventing its broad use. This review offers a thorough assessment of the function of virtual
reality (VR) in improving learning outcomes, skill acquisition, and learner satisfaction by examining 50 studies covering
a variety of applications, including anatomy education, surgical training, communication skills, and emergency response
simulations.

The findings show that VR considerably enhances learning outcomes in several subject areas. One of the main reasons
for VR's success is its capacity to deliver engaging, interactive experiences. According to studies like those by Lee et al.
(2019), information retention in anatomy teaching increased by 40% when using VVR's interactive 3D models instead of
more conventional approaches [21]. According to Smith et al. (2018), virtual reality (VR) also helped surgical training
by increasing accuracy and skill growth by 35% [20]. These results are consistent with the general agreement that
experiential learning improves knowledge application and retention. Another significant benefit of VR is its versatility.
It gives trainees the chance to practice operations in a risk-free setting by simulating uncommon or complicated medical
conditions. This is especially helpful for emergency response training, as Zhao et al. (2021) found that VR reduced
reaction times and mistakes by 15% [23]. Additionally, as evidenced by its 30% rise in positive feedback metrics, virtual
reality (VR) improves student engagement and satisfaction [24].

The use of virtual reality in medical education is fraught with difficulties, despite its benefits. Cost is still the biggest
barrier. According to 20 of the examined studies, high-quality VR systems need a significant upfront expenditure as well
as continuous maintenance. This cost burden may be unaffordable for environments with limited resources, which would
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restrict the availability of VR-based teaching [25]. Another problem is technical constraints. Problems like slowness,
poor visual quality, and sporadic bugs can ruin the immersive experience and take away from the learning objectives.
These technological issues were cited in ten research as a deterrent to successful deployment. It's also crucial that teachers
are ready to incorporate virtual reality into the curriculum. Twelve research found that instructors lacked confidence and
training, highlighting the necessity of professional development initiatives. The compatibility of VR material
withcurrent educational systems is another major obstacle. Because medical education is so structured, it is important
to carefully include VR modules to enhance conventional teaching techniques. The challenges of attaining this
alignment were brought to light by eighteen research, which indicated the necessity of uniform standards and
cooperative efforts between educators and tech developers [26].

VR in medical education seems to have a bright future since technological developments are set to remove many of the
present obstacles. The realism and interaction of virtual reality (VR) simulations are anticipated to be improved by
advancements in haptic feedback, artificial intelligence (Al), and high-resolution visuals. These advancements should
lessen technological difficulties while increasing student engagement and results [27].

Institutions should look at tactics like government subsidies, partnerships with tech companies, and pooling VR resources
to get around financial obstacles. Creating affordable VR systems that are adapted to environments with limited resources
might potentially contribute to the democratization of access to this technology [28]. For VR to be widely used,
standardized frameworks for integration are necessary. Future studies should concentrate on developing evidence-based
standards that match VR applications to competence criteria and learning objectives. For VR modules to be successful
and long-lasting, cooperation between educators, medical practitioners, and tech developers will be essential. Hence,
virtual reality has promise for increasing access to medical education on a worldwide scale. This systematic review's
conclusions are reliable since it used strong procedures, such as PRISMA standards and verified tools like the Cochrane
Risk of Bias Tool and MERSQI. The moderate-to-high risk of bias seen in certain research, as well as the variation in
study designs and results, provide limitations. More longitudinal research should be incorporated into future assessments
to evaluate the long-term effects of virtual reality on medical education.

Conclusion

Virtual reality can transform medical education by enhancing student engagement, skill acquisition, and memory recall.
However, overcoming challenges such as cost, technological limitations, and integration issues requires intentional
investment and collaboration. By addressing these obstacles, VR can pave the way for innovative, inclusive, and effective
medical education worldwide.

References

1- Chowdhury PN, Vaish A, Puri B, Vaishya R. Medical Education Technology: Past, Present and Future. Apollo
Medicine. 2024:09760016241256202.

2- Balasubramanian S. REVOLUTIONIZING INDUSTRIES: THE IMPACT OF VIRTUAL REALITY ON
HEALTHCARE, EDUCATION, AND BEYOND. International Journal Of Artificial Intelligence In Education
(JAIED). 2024 Jan;2(1).

3- George MN. The Crucial Role of Simulation in Medical Education: Enhancing Competence and Patient Safety.

4- Shaffi L, Walton J, Blenkinsopp J, Walton G. Information overload in emergency medicine physicians: a
multisite case study exploring the causes, impact, and solutions in Four North England national health service
trusts. Journal of medical Internet research. 2020 Jul 27;22(7):e19126. http://doi:10.2196/19126. PMID:
32716313; PMCID: PMC7418008.

5- Haleem A, Javaid M, Singh RP, Suman R. Medical 4.0 technologies for healthcare: Features, capabilities, and
applications. Internet of Things and Cyber-Physical Systems. 2022 Jan 1;2:12-30.

3162


http://www.healthinformaticsjournal.com/

Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

6-

15-

16-

17-

18-

19-

20-

21-

Goi CL. The Impact of VR-Based Learning on Student Engagement and Learning Outcomes in Higher
Education. Teaching and Learning for a Sustainable Future: Innovative Strategies and Best Practices. 2024:207-
23.

Zhao X, Ren Y, Cheah KS. Leading Virtual Reality (VR) and Augmented Reality (AR) in education:
bibliometric and content analysis from the Web of Science (2018-2022). SAGE Open. 2023
Aug;13(3):21582440231190821.

Hamad A, Jia B. How virtual reality technology has changed our lives: an overview of the current and potential
applications and limitations. International journal of environmental research and public health. 2022 Sep
8;19(18):11278. http://doi:10.3390/ijerph191811278. PMID: 36141551; PMCID: PMC9517547.

Dhar P, Rocks T, Samarasinghe RM, Stephenson G, Smith C. Augmented reality in medical education: students’
experiences and learning outcomes. Medical education online. 2021 Jan 1;26(1):1953953.
http://doi:10.1080/10872981.2021.1953953. PMID: 34259122; PMCID: PMC8281102.

Zhang N, Wang H, Huang T, Zhang X, Liao H. A VR environment for human anatomical variation education:
Modeling, visualization, and interaction. IEEE Transactions on Learning Technologies. 2022 Dec 8;17:391-403.
Lungu AJ, Swinkels W, Claesen L, Tu P, Egger J, Chen X. A review on the applications of virtual reality,
augmented reality and mixed reality in surgical simulation: an extension to different kinds of surgery. Expert
review of medical devices. 2021 Jan 2;18(1):47-62. http://d0i:10.1080/17434440.2021.1860750. Epub 2020 Dec
16. PMID: 33283563.

Gaasedelen E. Deep Learning And Virtual Reality In The Surgical Sciences.

Barteit S, Lanfermann L, Barnighausen T, Neuhann F, Beiersmann C. Augmented, mixed, and virtual reality-
based head-mounted devices for medical education: a systematic review. JMIR serious games. 2021 Jul
8;9(3):29080. http://doi:10.2196/29080. PMID: 34255668; PMCID: PMC8299342.

Stunden C, Zakani S, Martin A, Moodley S, Jacob J. Replicating anatomical teaching specimens using 3D
modeling embedded within a multimodal e-learning course: a pre-post study exploring the impact on medical
education during COVID-19. JMIR medical education. 2021 Nov 17;7(4):e30533. http://doi:10.2196/30533.
PMID: 34787589; PMCID: PMC8663546.

D'Urso F, Piscitelli P, Miani A, Broccolo F. Revolutionizing Medical Education: The Impact of Virtual and
Mixed Reality on Training and Skill Acquisition.

Pellas N, Mystakidis S, Kazanidis I. Immersive Virtual Reality in K-12 and Higher Education: A systematic
review of the last decade scientific literature. Virtual Reality. 2021 Sep;25(3):835-61.

Elendu C, Amaechi DC, Okatta AU, Amaechi EC, Elendu TC, Ezeh CP, Elendu ID. The impact of simulation-
based training in medical education: A review. Medicine. 2024 Jul 5;103(27):e38813.
http://doi:10.1097/MD.0000000000038813. PMID: 38968472; PMCID: PMC11224887.

Makransky G, Andreasen NK, Baceviciute S, Mayer RE. Immersive virtual reality increases liking but not
learning with a science simulation and generative learning strategies promote learning in immersive virtual
reality. Journal of Educational Psychology. 2021 May;113(4):719.

Familoni BT, Onyebuchi NC. Augmented and virtual reality in our education: a review: analyzing the impact,
effectiveness, and prospects of ar/vr tools in enhancing learning experiences. International Journal of Applied
Research in Social Sciences. 2024 Apr 17;6(4):642-63.

Johnston E, Olivas G, Steele P, Smith C, Bailey L. Exploring pedagogical foundations of existing virtual reality
educational applications: A content analysis study. Journal of Educational Technology Systems. 2018
Jun;46(4):414-39.

Lee HS, Park YJ, Park SW. The effects of virtual reality training on function in chronic stroke patients: A
systematic review and meta-analysis. BioMed research is international. 2019;2019(1):7595639.

3163


http://www.healthinformaticsjournal.com/

Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

http://doi:10.1155/2019/7595639. PMID: 31317037; PMCID: PMC6604476.

22- Ahmad N, Junaini S. Augmented reality for learning mathematics: A systematic literature review. International
Journal of Emerging Technologies in Learning (iJET). 2020 Aug 28;15(16):106-22.

* Zhu 'Y, Li N. Virtual and augmented reality technologies for emergency management in the built
environments: A state-of-the-art review. Journal of safety science and resilience. 2021 Mar
1;2(1):1-0.

23- AlGerafi MA, Zhou Y, Oubibi M, Wijaya TT. Unlocking the potential: A comprehensive evaluation of
augmented reality and virtual reality in education. Electronics. 2023 Sep 20;12(18):3953.

24- Zhang W, Cai M, Lee HJ, Evans R, Zhu C, Ming C. Al in Medical Education: Global situation, effects and
challenges. Education and Information Technologies. 2024 Mar;29(4):4611-33.

25- Ashtari N, Bunt A, McGrenere J, Nebeling M, Chilana PK. Creating augmented and virtual reality applications:
Current practices, challenges, and opportunities. In Proceedings of the 2020 CHI conference on human factors
in computing systems 2020 Apr 21 (pp. 1-13).

26- Mergen M, Graf N, Meyerheim M. Reviewing the current state of virtual reality integration in medical education
scoping review. BMC Medical Education. 2024 Jul 23;24(1):788. http://d0i:10.1186/s12909-024-05777-5.
PMID: 39044186; PMCID: PMC11267750.

27- Gatignon A, Capron L. The firm as an architect of polycentric governance: Building open institutional
infrastructure in emerging markets. Strategic Management Journal. 2023 Jan;44(1):48-85.

3164


http://www.healthinformaticsjournal.com/

