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Abstract

Background: The integration of virtual reality (VR) technologies in healthcare education has gained
momentum, offering innovative approaches to enhance training for healthcare professionals. Conventional
education methods often face limitations such as time constraints and a narrow range of clinical scenarios.
VR presents an opportunity to overcome these challenges by providing immersive and repeatable learning
experiences.

Methods: This systematic review and meta-analysis assessed the educational efficacy of VR, augmented
reality (AR), and mixed reality (MR) in healthcare training. A comprehensive search of multiple databases
was conducted to identify randomized controlled trials (RCTs) published from 2014 to 2023. The analysis
included studies across various healthcare disciplines, focusing on knowledge acquisition, skill
development, and learner attitudes.

Results: A total of 45 studies were included, revealing that VR significantly improved knowledge scores
compared to traditional education methods (SMD 0.28). Notably, VR was especially effective in medical and
nursing education, enhancing skill acquisition (SMD 0.23) and fostering positive attitudes toward learning
(SMD 0.65). However, some studies indicated no significant differences in knowledge retention compared
to conventional methods, highlighting the mixed efficacy of VR training.

Conclusion: Virtual reality technologies demonstrate substantial potential to enhance healthcare
education by improving knowledge, skills, and learner satisfaction. Nonetheless, the variability in study
outcomes and the need for further research on different VR modalities underscore the importance of
continued investigation into the most effective applications of VR in medical training.
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1. Introduction

The use of virtual reality (VR) in healthcare education and clinical practice has escalated in recent years
[1,2]. Virtual reality-based clinical practice education seeks to enhance the clinical competencies of
healthcare workers by offering them chances to use theoretical knowledge in practical healthcare
environments. As a result, it has arisen as an alternative to conventional clinical practice education [3,4].
Conventional clinical education includes hospital-based clinical practice or simulations with mannequins.
This educational approach is restricted by time and geographical limitations, along with a narrow range of
clinical scenarios [5]. Conventional approaches are constrained by the availability of time and space for
training. Moreover, the variety and thoroughness of clinical situations available to trainees are restricted.
Technological educational methodologies using VR, AR, and XR have been designed as alternatives and
supplements to mitigate these constraints. The debut of Hololens in 2015 and Oculus (now MetaQuest) in
2016, along with the COVID-19 epidemic, has expedited the expansion of VR-based education [6,7]. Virtual
reality-based clinical practice education offers healthcare professionals the opportunity for repeated
practice at any time and location, thereby allowing them to encounter a broader spectrum of authentic
clinical settings [8-10].

Virtual reality-based education use computer technology to construct interactive three-dimensional
environments that provide authentic experiences for students. Virtual reality (VR) may be classified into
three categories: virtual reality (VR), augmented reality (AR), and mixed reality (MR) based on technology
[11-14]. Virtual reality immerses the user in an entirely virtual environment, while augmented reality
superimposes digital information over the actual world. Mixed Reality (MR) allows users to observe the
physical environment while integrating virtual things, thereby promoting interaction between the two
realms [15]. Virtual reality may be categorized into non-immersive, immersive, and semi-immersive forms.
Virtual reality-based teaching includes the delivery of diverse clinical scenarios and opportunity for
repeated practice [16,17]. Moreover, it offers healthcare practitioners the chance to acquire advanced skills
via online learning, thereby enhancing clinical competencies [18,19]. It may improve a student's cognitive
abilities and knowledge, practical and social skills and decrease mistakes [10, 20-25]. Furthermore, it may
enhance a student's self-confidence, self-efficacy [28,30], and satisfaction regarding clinical knowledge and
abilities [26-30]. Moreover, it entails reduced financial, ethical, and regulatory limitations and presents no
danger to patients [9]. Virtual reality technology is more cost-effective than using current standardized
patients or high-fidelity mannequins. It safeguards patient rights, including privacy, which is a problem
linked to using real patients as training subjects [31-33]. Nonetheless, VR-based education has many
drawbacks, including substantial development costs, the need for specialist equipment, and the possibility
of visual fatigue for users [34]. Moreover, prior research has yielded inconsistent findings concerning the
educational efficacy of virtual reality, with certain studies indicating favorable outcomes, others
demonstrating no statistically significant differences, and additional studies suggesting that VR is less
effective than conventional methods in terms of knowledge retention and performance metrics [10,35-38].

Numerous recent research studies have been undertaken to assess the influence of VR-based medical
education in order to elucidate its educational and overall efficacy. Nonetheless, these investigations had
several drawbacks. The bulk of these studies concentrated on nursing education, highlighting the need for
research on the impacts of VR within a wider healthcare environment, including medicine, dentistry, and
complementary and alternative medicine [4,14]. Secondly, despite the emergence of new technologies like
extended reality (XR) in recent years, research has mostly concentrated on virtual reality (VR) technology
[10,14,39-41]. Consequently, further research is required to assess AR, MR, and XR alongside VR. The bulk
of prior research have focused on immersive or non-immersive modalities of virtual reality (VR) [39,40].
Additional research is needed to thoroughly assess its impacts across immersive, semi-immersive, and non-
immersive modalities. Ultimately, scoping reviews [11] and systematic reviews [9] constituted the
predominant category of investigations. Consequently, more meta-analyses are necessary to assess the
educational efficacy of VR in an objective and verifiable manner.

This review sought to clarify the overall educational efficacy of virtual reality in healthcare education,
addressing the limitations of previous studies and the need for more research. This study included research
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in healthcare disciplines (including medicine, dentistry, and nursing education) that utilized technologies
(such as VR, AR, MR, and XR) in their various modalities (immersive, semi-immersive, and non-immersive)
to assess the overall educational efficacy of VR. This research only used randomized controlled trials (RCTs)
to thoroughly evaluate the educational efficacy of virtual reality (VR).

2. Methodology

Databases including MEDLINE (Ovid), Embase (Elsevier), Cochrane Library (Wiley), CINAHL (EBSCO),
PsycINFO (EBSCO), ProQuest Central, Web of Science (Clarivate Analytics), Scopus (Elsevier), EBSCO
(Academic Search Complete), and the Education Resources Information Centre (EBSCO) were queried to
obtain peer-reviewed articles in the domains of medicine and education. Articles published from 2014 to
11 July 2023 were obtained using the accompanying terms and protocols:

3. Impact of Virtual Reality on Knowledge Acquisition

Beneficial outcomes were seen in medical education, nursing education, and dentistry education. Research
examining the impact of augmented reality on medical education on head and neck anatomy shown that
the knowledge scores of the augmented reality group surpassed those of the two-dimensional group (p <
0.05) [41]. Research examining the impact of virtual reality on medical education for urological disorders
indicated that knowledge scores in the virtual reality group were considerably superior to those in the
general practice group (p < 0.001) [42]. A study examining the impact of virtual reality on medical
education, specifically concerning the anatomy and surgery of the esophagus and mediastinum,
demonstrated that the comprehension of CT and surgical images was superior in the VR group compared
to the 3D group (p < 0.05); however, knowledge pertaining to the mediastinal structure and general
anatomy was comparable in both groups (p > 0.05) [43].

A study examining the impact of virtual reality on medical education concerning electrocardiograms
indicated that knowledge of normal ECGs was comparable between the general lecture and VR groups (p >
0.05); however, knowledge of abnormal ECGs was significantly greater in the VR group (p < 0.001),
particularly after eight weeks (p < 0.01) [44]. This discovery significantly contributed to the enhancement
and preservation of knowledge. Research examining the impact of virtual reality on nursing education,
specifically on blood transfusion, indicated that the knowledge ratings of the virtual reality group surpassed
those of the Zoom lecture group (p < 0.01) [28]. Research examining the impact of virtual reality on nursing
education on pediatric epilepsy indicated that the knowledge ratings of the virtual reality group surpassed
those of the traditional lecture group (p < 0.01) [45]. This discovery suggests that the impact of VR may be
far more beneficial than that of current instructional techniques.

Research examining the impact of virtual reality on medical education, namely in internal medicine and
surgery, indicated that knowledge scores were comparable between the VR and 2D groups (p > 0.05); yet
knowledge scores exhibited a considerable rise post-education (p < 0.05) [46]. This conclusion indicates
that the two groups attained comparable degrees of learning, given the scenario forms and emotional
involvement levels were almost equivalent. Furthermore, these findings indicate that increased immersion
does not inherently result in enhanced educational outcomes, and that various cognitive processes may
influence these benefits. Research examining the impact of virtual reality on medical education on
postpartum hemorrhage indicated that knowledge levels in both the VR and traditional lecture groups were
comparable (p > 0.05); yet there was a substantial increase in knowledge scores after the educational
intervention (p < 0.001) [27]. Research examining the impact of augmented reality (AR) on medical
education regarding skin disorders indicated that the effects of AR were comparable to those of mobile
devices without AR (p > 0.05); yet knowledge scores shown a substantial rise post-education (p > 0.05)
[47]. Research examining the impact of virtual reality on dental diagnostic and treatment education found
no significant changes in the VR group for 2D and knowledge assessment (MCQ) scores (p > 0.05) [48].

Research examining the impact of virtual reality on medical education, specifically on internal disorders,
demonstrated that assessment scores in the VR group surpassed those of the general evaluation group (p <
0.01). This discovery demonstrates that the use of VR enhances thinking and therapeutic competencies via
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realistic simulations [46]. The results of the aforementioned research demonstrate that the use of VR
produced impacts comparable to traditional teaching approaches, irrespective of whether the outcomes in
the experimental group were positive or statistically insignificant. A notable enhancement after instruction
was seen in both the experimental and control groups. This conclusion suggests that both instructional
approaches were beneficial; hence, it is advantageous to integrate the two ways based on the objective.
Moreover, the research assessing the impact of VR on nursing education related to perinatal illness revealed
no significant changes in knowledge scores between VR and high-fidelity mannequin simulation instruction
(p > 0.05) [26]. High-fidelity simulation is costly due to its need for substantial labor and equipment.
Conversely, VR is comparatively affordable and secure, enables unrestricted repeating learning, and yields
analogous educational outcomes; hence, its use in education is practical.

Research examining the impact of virtual reality on medical education, specifically on lumbar puncture,
indicated that the oral examination scores of the virtual reality group were significantly lower than those
of the traditional education group (p < 0.001) [47]. Research examining the impact of virtual reality on
nurse education regarding tracheal suction indicated that knowledge levels were comparable across the
2D, low-level VR, and high-level VR groups (p > 0.05); yet the scores improved after the educational
intervention. The results in the 2D group surpassed those in the VR-low group (p < 0.05), but the scores in
the 2D and VR-high groups were comparable (p > 0.05) [48]. This research indicates that VR and 2D
education provide comparable outcomes, or that 2D education may be more effective, maybe due to
discomfort, unfamiliarity, and less focus associated with VR-based teaching. Prior research has shown that
virtual reality enhances clinical proficiency [49-52].

Furthermore, it facilitates information acquisition by fostering self-directed learning and encouraging
active engagement [53]. Prior research has shown that immersive VR learning may impart more
information than non-immersive strategies [54]. Virtual reality offers visual, aural, and diverse stimuli;
delivers rapid feedback to learners via real-time engagement; and enhances information retention by
fostering three-dimensional creativity, active manipulation, and the development of learning abilities. It
also cultivates a pleasurable and appealing educational atmosphere that stimulates attention and curiosity
[55-57]. Moreover, the volume of learning escalates with heightened student happiness, whereas discontent
diminishes in tandem with improved academic success [58]. Augmented Reality (AR) generates an
immersive setting using a three-dimensional framework, allowing anatomical and virtual worlds to coexist
and interact simultaneously, therefore augmenting knowledge and comprehension [59]. Consequently,
virtual reality may enhance the understanding of medical practitioners via several avenues.

4. Impact of Virtual Reality on Skill Development

Research examining the impact of virtual reality on medical education, specifically on ultrasound, indicated
that the OSAUS score for the VR group surpassed that of the e-learning group (p < 0.01). Despite the hand-
eye score being elevated, it lacked statistical significance (p > 0.05) [60]. Research examining the impact of
virtual reality on medical education related to dizziness shown that VR-standardized patients achieved
superior competence ratings compared to regular standardized patients (p < 0.05) [50]. Research
examining the impact of virtual reality on medical education on myocardial infarction shown that the OSCE
scores and EKG/thrombolysis performance times in the virtual reality group were comparable to those in
the discussion courses group (p > 0.05) [57]. This may be ascribed to the benefits linked to discussion
courses (control group), including engagement, retention and enhancement of information and skills,
collaborative abilities, and autonomous learning [61-63]. Furthermore, the instruction was given either
once or for a little duration. Therefore, more growth and sustained education are necessary in the future.

Research examining the impact of virtual reality on medical education concerning perinatal disorders
indicated that skill ratings in both the VR and traditional lecture groups were comparable (p > 0.05); yet
the time taken for skill performance was significantly reduced (p < 0.05) [27]. This discovery demonstrates
that VR is efficacious in decreasing performance duration. Research examining the impact of virtual reality
on medical education about lumbar puncture indicated that skill ratings in both the VR and traditional
lecture groups were comparable (p > 0.05); yet the duration of skill performance was significantly reduced
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(p < 0.01) [63]. Research on medical education about bladder catheters indicated that the OSCE scores of
the MR education group surpassed those of the face-to-face training group (p < 0.01) [22]. Research
examining the impact of augmented reality on nurse education regarding IV catheters indicated that the
skill scores (IVC-PPSF) in the augmented reality group surpassed those of the simulator education group
(p < 0.05); nevertheless, the skill times were comparable (p > 0.05) [64]. Research examining the impact of
augmented reality on medical education, specifically in history taking, indicated that the skill scores (DOPS)
in the augmented reality group above those in the traditional simulator group (p < 0.05); however, the skill
scores (Mini-CEX) for other competencies were comparable (p > 0.05) [21]. This may be ascribed to the
elevated cognitive load hindering learning performance when the intrinsic cognitive load escalates in the
VR group [65]. Moreover, VR newbies may have challenges in using the Mini-CEX, and the assessment
results may be comparable due to the inherent features of the Mini-CEX. Therefore, a design that regulates
intrinsic cognitive load while attaining optimal educational outcomes must be used in program
development.

A study of the impacts of structured vs non-structured briefings on VR-based surgical nurse education
indicated that the competence scores were comparable (p < 0.05) [66]. A comparison of the OSCE results
across the 2D, VR-low, and VR-high groups in research examining the impact of VR on nursing education on
tracheal suction indicated that the scores of the 2D group surpassed those of the VR-low and VR-high groups
[67]. This observation may be ascribed to 70% of students lacking familiarity with VR treatments, resulting
in their emphasis on procedural learning. In contrast to 2D video-based methods that display actual
catheters or gloves, VR-based methods provide abstract objects, resulting in less accuracy. The
multifunctionality of VR, particularly with simulation emphasis or interaction quality, may result in
cognitive overload. Likewise, the haptic function may be cumbersome due to its lack of intuitiveness,
perhaps leading to user frustration. Consequently, including skills training with actual mannequins into
forthcoming VR-based teaching will provide superior outcomes. Research examining the impact of virtual
reality on nursing education, specifically on pediatric examinations, indicated that the competence scores
of the virtual reality group surpassed those of the conventional education group (p > 0.001) [65]. Research
examining the impact of VR on nursing education regarding IV catheters indicated that the competence
scores in the VR group surpassed those in the practice model group (p < 0.01) [68]. Research examining the
impact of VR on dental diagnosis and treatment indicated that the skill scores of the VR group surpassed
those of the control group in the first practice scenario (p < 0.05); however, no significant changes were
seen in the subsequent situations (p > 0.05) [69]. The experimental group had a comparable or superior
capacity to enhance clinical abilities relative to the control group. Consequently, virtual reality enhances
psychomotor abilities by promoting multisensory learning and enabling repeated practice without spatial
and temporal limitations [70].

VR surgical simulators enhance surgical abilities due to their minimal setup time and repeatability [71].
Immersive VR-based instruction allows learners to execute clinical methods, such as anesthesia, with more
precision and confidence [72]. This method allows learners to repeatedly practice procedure stages until
they gain confidence, hence minimizing the risk of patient damage throughout the process [73]. While
excluded from the meta-analysis, the skill score (CSA) in the VR group surpassed that of the general
education group in six out of eleven instances (p < 0.05) in a BLS medical education research; also, the no
flow time was extended (p < 0.001) [53]. The VR group exhibited a reduced no flow time (p < 0.01),
diminished performance penalty (p < 0.001), and elevated skill scores (CSAs) in five out of eleven instances
(p <0.001) in alternative BLS education research [59].

A study of the impacts of a 2-week vs a 4-week VR-based educational program in emergency medicine
shown that the OSCE scores were comparable (p > 0.05) but significantly elevated in the 4-week group (p
< 0.05) [55]. Research examining the impact of virtual reality on nurse education in catastrophe scenarios
indicated that, relative to mannequin-based training, virtual reality enhanced knowledge, abilities, and
confidence (p < 0.01) [74]. This pedagogical approach leverages the optimal benefits of VR technology,
facilitating learning in a secure and regulated environment while honing skills via the simulation of
scenarios that are impractical to replicate, such as crises and disasters [75].
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5. Impact of Virtual Reality on Attitudes

This discovery suggests that VR positively influences learning attitudes. Research examining the impact of
virtual reality on medical education for patients with dizziness indicated that VR-standardized patients had
comparable pleasure and sensation of presence to traditional standardized patients (p > 0.05) [50].
Research examining the impact of augmented reality on nurse education regarding IV catheters indicated
that augmented reality and simulator-based teaching produced comparable satisfaction and confidence
levels (p > 0.05) [68]. Research examining the impact of virtual reality on medical education about
postpartum hemorrhage indicated that virtual reality and traditional lectures produced comparable
satisfaction and confidence levels (p > 0.05) [27].

Research examining the impact of virtual reality on nursing education related to transfusion indicated that
satisfaction and confidence levels in the VR group surpassed those in the Zoom lecture group (p < 0.05),
while self-efficacy was elevated but not statistically significant (p > 0.05) [28]. Confidence is the conviction
that a certain expectation may be realized, whereas self-efficacy is the assessment of one's capability to
execute required tasks. The experimental group acquired more knowledge and confidence; yet no
significant changes were noted about their performance in a real-world setting. Consequently, virtual
reality must be engineered to enhance practicality and educational outcomes in forthcoming research [28].
Research examining the impact of virtual reality on nurse education about tracheal suction indicated that
satisfaction levels ranked as follows: VR-low, VR-high, and 2D video (p < 0.001) [74]. The virtual reality
experience was authentic, engaging, and enveloping. Moreover, it allowed healthcare professionals to hone
their abilities in a secure setting, learn from errors, and enhance their knowledge and confidence. The
simpler VR-low exhibited elevated satisfaction levels; hence, complicated functionalities that induce undue
cognitive load should be eschewed in the development of a VR program. Research examining the impact of
virtual reality on nursing education, specifically in pediatric examination, indicated that satisfaction and
confidence levels in the virtual reality group surpassed those in the traditional lecture group (p < 0.001)
[29].

Research examining the impact of VR on dental imaging shown that the learning satisfaction and self-
efficacy levels in the VR group surpassed those in the 2D video group (p < 0.01) [30]. A study examining the
impact of VR on nursing education, specifically in perinatal nursing, indicated that the anxiety and
confidence levels of participants in the VR group surpassed those of the mannequin simulation group (p <
0.01); however, this difference was not statistically significant (p > 0.05) [26]. This data suggests that
confidence levels were elevated in both groups; nevertheless, a significant increase in worry may have
arisen from the VR technology itself. Prior research indicates that teacher assistance, mentorship from
senior peers, and orientation on the surroundings and simulation help alleviate anxiety [76]. Consequently,
VR simulation can significantly impact learners' attitudes by providing a realistic and secure environment
for practice, facilitating knowledge acquisition, enhancing clinical performance, critical thinking, and
decision-making, as well as boosting confidence and communication skills [26]. While not part of the study
synthesis, prior studies indicate that VR-based education is generally well-received regarding program
acceptance and overall assessment; yet there were instances when face-to-face simulation was favored. This
may be ascribed to technological factors. Therefore, it is essential to configure it in a straightforward and
accessible manner to enable pupils to focus without getting disoriented.

Research examining the impact of VR on medical education, particularly on internal and surgical disorders,
demonstrated that the VR group outperformed the 2D group in four out of eleven experiential assessments
(p < 0.05). External alterations were more evident in the 2D group; nevertheless, a greater prevalence was
seen in the VR group [47]. Significant engagement and favorable feedback were noted in the VR group.
Consequently, it may be appropriate to create a 3D model that is more conducive to group-based simulation
and a 2D format as a self-directed learning resource using familiar home equipment.

6. Constraints
This research covered publications with RCTs published in English, albeit its scope may be restricted. This

research analyzed several VR technologies; nonetheless, notable discrepancies were identified even among
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the same VR and AR technologies, contingent upon the kind of HMDs and the complexity of the programs
used. The significant heterogeneity among the studies hindered the execution of the meta-analysis. The
study designs of the included research varied, as did the instructional content, duration, and timeframe of
the intervention group. Heterogeneity was also noted within the control groups of several experiments,
including traditional face-to-face lectures, Zoom lectures, e-learning, high-fidelity and low-fidelity
simulations, and two-dimensional graphics. The study population included students and locals. Students
may exhibit heterogeneity about their knowledge and abilities within each grade.

7. Conclusions

This comprehensive literature review and meta-analysis of randomized controlled trials sought to evaluate
the importance of virtual reality in healthcare education. An analysis of the 45 selected studies indicated
that the implementation of virtual reality (VR) resulted in a notable enhancement in knowledge and skill
scores, reduced skill performance time, and increased satisfaction and confidence levels. This study's
results demonstrate that VR may significantly improve learning outcomes while alleviating logistical
obstacles, including personnel, time, space, and cost, often linked to conventional training techniques.

Based on the review of previous studies, the following recommendations are given for future research: First,
future studies should use educational theories and frameworks with objective assessment instruments.
Secondly, research including long-term education with a substantial participant base is essential. Third, it
is essential to design VR simulations that leverage cooperation among users in the virtual environment. In
the next years, VR technology will be increasingly used in healthcare education, including more realistic
and user-friendly simulations. Virtual reality-based education will enhance self-directed learning by
offering immersive, interactive experiences and instant feedback. This strategy may be particularly useful
in combining VR with conventional teaching techniques, since it improves the quality of learning and the
overall proficiency of healthcare workers.
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