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Abstract

Introduction Virtual reality (VR) technology presents a promising alternative to medical education by creating an
immersive and interactive learning environment. This research aimed to examine the effectiveness of virtual reality on
medical students’academic achievement in anatomy.

Methods This systematic review included 24 full-text articles in both Persian and English from 10 databases. The
search focused on experimental, quasi-experimental, and descriptive studies published between May 28, 2000,
and May 24, 2022. At least two researchers reviewed all studies. In cases of disagreement between the two, a third
researcher reviewed the article and made the final decision. Results were analyzed according to the four-level
Kirkpatrick model. Also, the modified Buckley checklist was used to assess the quality of the study.

Results Twenty-four articles were included. Following Kirkpatrick's levels of evaluation, Nineteen studies explored
the first level of training effectiveness (reaction). Twenty-four studies examined the second level (learning). One study
investigated the efficacy of education (behavior). No studies have investigated the fourth level (impact).

Discussion This study argues that Virtual reality improves students’academic progress and learning in medical
anatomy when used as a supplementary way to other methods. However, experimental studies are recommended to
investigate the impact of various factors on the efficacy of this method.
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Background

One of the courses in medicine is anatomy, which is con-
sidered one of the fundamental courses in terms of the
large volume of terminology and the need to know the
position of the organs and their proximity to the body [1-
3]. Medical students must learn anatomy using sources
such as cadaver dissection, visualization, textbooks,
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limited cadaver availability [6], and issues associated with
formaldehyde odor [7]. As a result, the demand for mod-
ern technologies to improve this field of medical educa-
tion has increased. Virtual reality (VR) is one of the most
promising technologies [2, 8].

Virtual reality is a form of technology that enables
multi-faceted, advanced, and dynamic interaction
between humans and computers, in which the user has
a conscious influence on the form or content of the sim-
ulated environment [9]. The use of this technology in
medical sciences began in the 90s to visualize complex
medical data, especially in surgery. This term has been
introduced into medical education by Jaron Lanier since
1986 [10].

Although virtual reality has been used for several
decades and has demonstrated that it is more attractive
and enjoyable to learn anatomy than traditional methods,
the evidence regarding virtual reality’s educational effec-
tiveness has shown conflicting results [3]. For example,
contrary to the results of the study by Alfalah SF et al.
[2] in the Faculty of Medicine of the University of Jordan,
which showed the effectiveness of using virtual reality
in teaching heart anatomy compared to the traditional
teaching method, in the study of Shi Chen et al. [3], com-
paring three methods of teaching anatomy using corpses,
atlas, and virtual reality, no significant difference was
observed among the results of the three methods.

Moro C et al. [11] in America compared the effective-
ness of three methods of learning structural anatomy
using augmented reality, virtual reality, and tablet-based
programs. The results of this study did not show a sig-
nificant difference between the methods. Virtual real-
ity, however, may cause side effects, such as headaches,
blurred vision, and dizziness.

Additionally, Rosmansyah et al. (2012) have only
examined virtual reality in anatomy education through
PubMed studies. A comprehensive evidence search is
lacking [12]. Zhao et al. browsed five databases from 1990
to 2019 and published a meta-analysis article of random-
ized controlled studies. They examined VR’s general effi-
ciency in teaching medical anatomy [13]. Accordingly,
considering the growing demand for the use of virtual
reality and the possibility of three-dimensional visualiza-
tion of anatomy and physiology structures and its appli-
cations in this course [12], this study is looking for more
extensive evidence about examining the effectiveness of
virtual reality on the academic progress of medical stu-
dents in anatomy. Effectiveness is defined in the present
study as the extent to which virtual reality impacts the
learner at least at one level of Kirkpatrick’s model [14].
Kirkpatrick’s model is a framework to evaluate educa-
tional courses, containing four levels: Reaction (evalu-
ates participant satisfaction and engagement), Learning
(measures the increase of knowledge or skills resulting
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from the training), Behavior (evaluates the application of
learned concepts in the workplace), and Imacts (analyzes
the training’s overall effect on organizational objectives
and performance) [15].

This study, using a review of the four levels of Kirkpat-
rick’s model, can significantly contribute to assessing the
relevance of virtual reality in medical anatomy education.
This research, by providing comprehensive diverse evi-
dence, may improve the comprehension of the positive or
negative effects of virtual reality on the learning process,
hence promoting the development of creative pedagogi-
cal approaches in this field.

Main text

Methods

This study is a systematic review. Based on the PRISMA
framework all Persian and English articles in Eric,
PubMed, Web of Science, Embase, Science Direct, Sco-
pus, Springer, SIDS, Irandoc(https://irandoc.ac.ir), and
Magiran(https://www.magiran.com) databases containin
g the words effectiveness (program evaluation) - virtual
reality - medical student - anatomy in their titles, key-
words, subject, and MeSH were searched.

Eligibility criteria

Inclusion criteria

This review inclusion criterion was all experimental,
quasi-experimental, descriptive full-text articles in both
Persian and English and articles between 2000 and 2022
(Given that Zhao et al. had conducted the first reported
study in 2004, our systematic review began its explora-
tion in 2000).

Exclusion criteria

The exclusion criteria were as follows: Studies with insuf-
ficient details regarding the inclusion criteria; Review
studies and letters to the editor; Studies that examined
the effectiveness of virtual reality in other subjects; Stud-
ies that did not assess effectiveness or satisfaction; Stud-
ies conducted in other medical fields; Studies conducted
on postgraduate medical students; Studies that focused
on other supplementary learning tools.

Search strategy

Based on the mentioned keywords, with the presence of
a library expert and the research team, the search strat-
egy was written as follows(Fig. 1). The mentioned search
strategy was searched in the Abstract/Title section of the
Limit section of the Pubmed database. The initial search
was on May 28, 2019, and the last search was on May 24,
2022. The strategy restrictions were modified if the arti-
cle was not found in any databases using the mentioned
search strategy.
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literature search:Eric, PubMed, Web of Science, Embase, Science Direct, =
Scopus, Springer, SIDS, Irandoc(https://irandoc.ac.ir), and ®
Magiran(https://www.magiran.com). 3
=
Date Limits: 2000 to May 28, 2019 update: May 28, 2019 to May 24, 2022 a
Removal 3
search strategy: |— duplicatestitles g
(Effectiveness or (program* and evaluation)) and virtual and reality and
medical and student* and anatomy in TITLE (n=76)
(Effectiveness or (program* and evaluation)) and virtual and reality and
medical and student* and anatomy in MESH/KEYWORDS/SUBJECT
Total article=578
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Zhao et al. had conducted the first <
reported study in 2004, our systematic
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Studies conducted on postgraduate (n=4) 5
medical students; Studies that focused %
on other supplementary learning tools. 2
a
Quality Evaluation(n =24)
To evaluate study quality, the general checklist, compiled by Buckley et al.

Fig. 1 PRISMA database search strategy. Screening process, quality evaluation, eligibility criteria (inclusion and exclusion criteria)

To obtain Persian articles, keywords including effec-
tiveness, program, evaluation, virtual reality, medical stu-
dents, anatomy, and the title “The effectiveness of virtual
reality on the academic progress of medical students in
the anatomy course” were searched in the data center of
SID, Irandoc, Iranmedex, and Magiran. In the following,
578 articles were entered into Endnote resource manage-
ment software. Duplicate cases were removed from the
study, and 502 were examined.

In the screening phase, studies that examined the effec-
tiveness of virtual reality in subjects other than anatomy,
studies that did not investigate effectiveness or were
conducted in other medical fields or on graduate medi-
cal courses, and also studies on other supplementary
learning tools other than virtual reality were excluded
from the study. In the first stage, titles and abstracts were
reviewed. At this stage, 389 studies were excluded. A total
of 113 experimental, semi-experimental, and descriptive

English articles that investigated the effectiveness of vir-
tual reality on medical students’ anatomy learning were
included in the study.

In the full-text screening stage, the remaining 113 arti-
cles were reviewed, and the articles that met the inclu-
sion criteria and were related to the topic and purpose of
the study were extracted. At this stage, 89 articles were
excluded from the study due to non-compliance with
the inclusion criteria and four due to lack of access to
the full text. A total of 20 studies moved on to the next
step(Fig. 1).

In the next step, references to the remaining 20 stud-
ies were checked. If encountered a study that was not
found in the searches, these were also included in the
study. A total of four studies were included at this stage
of the study. The study included 24 studies in total. There
were at least two researchers involved in the review of
the remaining studies (M, SM & A, M; M, SM & H,



Minouei et al. BMC Medical Education (2024) 24:1407

M) and controlled with (AO). In cases of disagreement
between two researchers, a third person (AO) reviewed
and finalized the decision. During this stage, two stud-
ies were disputed by two researchers, and the final deci-
sion was reached by a third person(AO) [2, 16]. Then, the
researchers checked the references to the articles. When
they came across a reference containing the desired key-
words but not found in the search, they also considered
it. At this stage, no articles were added to the study.

Data extraction method

To extract data from the studies, an initial form was
designed. In a pilot study, three researchers extracted
data from two studies before using the form to review
all the studies. The initial form was filled out with data.
Based on that, the necessary corrections were made. A
fourth researcher then approved the revised form. The
data extraction form includes the following information:
study title, course name, review time, reference, author,
study year, study place (country, university), research
question/objective, sampling method, number of groups,
random allocation (yes or no), participation type, study
method, target population and samples, study duration,
sample size, tools, statistical software, statistical tests,
results, and conclusions. P-values were employed to
determine the statistical significance of the findings in
the reviewed studies. If the p-value was significant, the
intervention was considered effective. Three researchers
independently extracted data. All data were checked and
confirmed by a fourth researcher to ensure accuracy.

Study quality evaluation

To evaluate study quality, the general checklist, com-
piled by Buckley et al. [17], was used. The checklist was
included 11 items evaluated as “suitable” and “unsuit-
able”Three researchers assessed the study quality. If there
was a disagreement, the fourth researcher reviewed the
study. After negotiation with the other three researchers,
they reached an agreement. All articles achieved a score
greater than 7 (the minimum score was 7, and the maxi-
mum score was 9)(Fig. 1).

Results

This study included 24 articles in total. The studies were
all written in English. Most studies were conducted in
the United States (10 studies) [11, 18-26]. Most pub-
lications were related to 2020 (6 studies) [3, 22, 27-30].
Most studies were conducted on first-year medical stu-
dents [16, 19, 20, 25, 26, 31-33]. In 6 studies, paper tests
were employed to evaluate effectiveness [11, 31, 33-36].
Three studies employed unclear tools [20, 27, 32], seven
used electronic tests [16, 18, 21, 22, 28-30], six studies
used both paper and electronic tests [2, 3, 19, 24—26]. and
one used an application [37]. In seven studies, the tool’s
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validity was reported [23, 24, 26, 29, 30, 32, 37]. Tool reli-
ability was reported in four studies [2, 3, 26, 28, 29, 36]
(Table 1).

All of the studies were conducted in the anatomy
course, with most focusing on general anatomy [11, 19—
21, 28, 29, 32, 33, 37, 38]. There were nine semi-experi-
mental studies [2, 11, 19, 20, 27, 31-34], five randomized
controlled trials [18, 23, 24, 28, 30], two combined studies
[3, 29], two experimental studies [25, 26], one develop-
mental study [37], Three quasi-randomized control [16,
21, 36] and two prospective [22, 35].The highest num-
ber of participants was 200 [19], and the lowest was six
[31]. 3D was used in nineteen studies [2, 3, 11, 16, 18—-24,
26, 27, 29, 30, 32, 33, 35, 37]. Most of the comparisons
were made with 2D (7 studies) [16, 19, 24, 26, 32, 37]. The
maximum intervention time was 19 months (one study)
[11], and the minimum was one hour (one study) [17]
(Table 2).

Most studies used purposeful and random sampling (9
studies) [16, 19, 21, 23, 24, 31-34, 39, 40]. Participants
were voluntary in eight studies [16, 19, 22-25, 28, 31, 32,
38, 40], and the participation method was unclear in five
(2,19, 27, 29, 35].

Based on Kirkpatrick’s evaluation model, nineteen
studies explored the first level of training effectiveness
(reaction). At this level, seventeen studies reported a sig-
nificant increase in effectiveness [2, 3, 16, 18—-21, 24-32,
34, 35, 37], and one noted no effect [33]. In one study,
vision problems were reported [11] .In other studies,
this level was not examined. Twenty-four studies exam-
ined the second level (learning) The results of 20 studies
showed increased learning [2, 3, 11, 16, 18-21, 23, 26—
32, 34-37], and four reported no effect [22, 24, 25, 33].
Other studies did not report this level. One study inves-
tigated the effectiveness of education at the third level
(behavior), and the results indicated a positive effect on
behavior [34]. The fourth level (impact) has not been
investigated in any studies (Table 3).

Discussion

This review study investigated the effectiveness of vir-
tual reality on medical students’ academic progress in the
anatomy course based on Kirkpatrick’s four-level effec-
tiveness evaluation model. The findings obtained from
the databases investigated in this research showed that
out of the 24 final studies that met the inclusion criteria
and were evaluated.

The predominance of studies conducted in the United
States and the concentration of publications from 2020
suggest a burgeoning interest in innovative training
methodologies during a pivotal time in medical educa-
tion. Notably, first-year medical students were the pri-
mary subjects of these studies, indicating an emphasis on
enhancing foundational anatomical knowledge early in
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Table 1 Summary of included studies and quality evaluation
Name of the Purpose of the  Target group/ country Data collection tool  tools validity/ General result Quality
author/date  study reliability evalu-
of study ation
H.S. studying the first-year undergraduate Paper: 10 MCQ*, sub-  not mentioned VRis a fun and effec- 9
Maresky(2018)  effect of VR medical students / Canada jective questionnaire tive tool for teaching
[31] as an adjunct normal cardiac anatomy,
to enhance yielding a performance
the traditional increase of 24.6%
cardiac dissection (P<0.0001) in the experi-
experience mental group over the
control group.
Katelyn Ste- evaluate the first and second-year electronically: Subjec-  not mentioned There was no significant 9
pan(2017) [18]  effectiveness, medical students/ USA tive survey: Instruction- difference in anatomy
satisfaction, al Materials Motivation knowledge between the
and motivation Survey (IMMS), quiz 2 groups on preinterven-
associated with tion, postintervention,
immersive VR or retention quizzes. The
simulation in technology was equally
teaching medi- as effective as the
cal students traditional textbooks in
neuroanatomy teaching neuroanatomy.
Dongmei investigation first-year medical stu- paper and electronic:15 not mentioned 3D viewing during a 9
Cui2017) [191  of whether 3D dents/ USA questions, mental short lecture improves
stereoscopic rotation test (MRT), 3D students’ post-test
models created demo survey knowledge scores more
from computed than an identical lesson
tomographic an- using identical but 2D
giography (CTA) images.
data were effica-
cious teaching
tools for the head
and neck vascular
anatomy
Ralf A. Kock- Efficacy interms  Second-year medical 10 MCQ, Questionnaire  expert committee-  This study demon- 9
ro(2015) [32] of anatomical students/ Germany not mentioned strates that the use of
knowledge stereoscopic, computer
retained and generated, anatomical
a subjective models delivered using
evaluation by the a 3D projection system
students were can enhance under-
recorded graduate neuroanatomy
lectures
Zaid Khot(2013) whether undergraduate students/  Paper: Mental Rotations not mentioned computer-based modali- 8
[33] computer-based  Canada Test (MRT), 25 ques- ties are not as effective
virtual reality tions:15 nominal ques- as physical models
anatomy learning tions, and 10 functional for self-study of pelvic
represents a real +Q8questions. anatomy
learning benefit
when compared
to a static atlas-
type compen-
dium of images
Nicholson to assess whether participants studying electronic: not mentioned Although cadavers are 9

DT(2006) [21]

learning struc-
tural anatomy
utilizing VR or AR
is as effective as
tablet-based (TB)
applications

Anatomy/ Australia

1.quiz:15-item, 2.15
questions:12MCQ,
3free-text data

most commonly used
for teaching anatomy to
medical and biomedical
science students, there
are substantial financial,
ethical and supervisory
constraints on their use
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Table 1 (continued)

Name of the Purpose of the  Target group/ country Data collection tool  tools validity/ General result Quality
author/date  study reliability evalu-
of study ation
Jose weber construct, imple-  graduate medical stu- Paper: 1. Writing a list, ~ not mentioned VR and AR as effective 9

vieira de ment, and evalu-  dents/ Brazil 2.10 stations teaching tools, where

Faria(2016) [34]

ate an interactive
and stereoscopic
resource for

student learning is as
successful as with tablet-
based applications

teaching although educators
neuroanatomy should be cautious
regarding the introduc-
tion of adverse effects
However, both VR and
AR provide additional
intrinsic benefits
Salsabeel .M. This paper third-year medical stu- Paper and electronic: not mentioned- The outcome of this 9
Alfalah(2019) [2] reports the dents /Jordan questionnaire: 23 state-  Physical Heart paper demonstrates
outcome of a ments (ranging from Model and VR heart  the huge potential of
comparative strongly disagree=1, anatomy system using novel technology
study between disagree=2, moder- Questionnaires were  in medical education.
traditional ate=3, agree=4, and assessed for reliabil-  Virtual
medical teaching strongly agree=5) ity using Cronbach’s  reality technology
modalities and alpha.The Physical  facilitates the delivery
virtual reality Heart Model was of information in a user-
0.689.TheVR heart  friendly environment,
anatomy system was improving understand-
0.791. ing and
visualization of the
complex anatomical
structures and interrela-
tions, thereby transform-
ing the educational
process into
a more efficient and
dynamic one.
Yuma The aim of this medical students /Japan  Questionnaire:30 MCQ  not mentioned Pre-operative 3D 9
Wada(2020) study was to simulation increases
27 investigate the the understanding of
usefulness of the detailed anatomy and
3D imaging tech- virtual three-dimen-
nique in laparo- sional image analysis in
scopic TAPP as laparoscopic TAPP is use-
an educational ful as an educational tool
tool for medical for medical students.
students
Petersson(2009) Investigate the st and 5th-year medical ~ questionnaire not mentioned visualization of the 8
[20] value of web- students complex anatomical
based virtual structures and i+ X15n-
reality learning terrelations, thereby
on students’ transforming the educa-
self-learning tional process into
Moro(2017) [11] Does the use medical student/ USA paper:20 questions: 10 not mentioned Both VR and AR are 9

of augmented
reality, gadgets,
and tablets affect
learning?

questions “factual’,10
questions “spatial
questions”.

questions regard-

ing their perceived
engagement with the
learning module

as valuable for teaching
anatomy as tablet de-
vices, but also promote
intrinsic benefits

such as increased
learner immersion and
engagement
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Table 1 (continued)
Name of the Purpose of the  Target group/ country Data collection tool tools validity/ General result Quality
author/date  study reliability evalu-
of study ation
Daren T Nichol-  Does learning First-year medical stu- electronic: not mentioned The intervention group’s 9
son(2006) [16]  increase with the  dents/ USA 1.quiz:15-item, 2.15 mean score on
use of computer questions:12MCQ, the quiz was 83%, while
technology? 3free-text data that of the control group
was
659%. This difference
in means was highly
significant
(P<0.001).
Katerina Bogo-  describe the medical undergraduates,  application: 13 ques- five experts in the virtual 3D assessment 9
molova(2021) development of a postgraduate trainees, tions, scenario field of anatomy- can address several
[37] virtual anatomy teachers/ challenging aspects of
3D anatomy London the growing misalign-
assessment and ment between learning,
the perspectives assessment, and clinical
from teachers practice. The develop-
and students on ment of a virtual 3D
the use of this assessment scenario was
assessment tool successfully demonstrat-
in a medical ed using the theoretical
curriculum. framework of design-
based research.
Imai, T.(2022) To analyze the 4-5Th grade medical paper: written not mentioned Our findings suggest 8
[35] effectiveness of  students/ Japan examination, post- that VR enhances the
incorporating lecture knowledge test, learning process. The
virtual reality Questionnaire lecture incorporating the
(VR) in lectures VR experience was
on esophageal more effective than the
and mediastinal traditional lecture for
anatomy promoting an under-
and surgical standing of CT images
procedures for and interpretation of
medical students surgical images;
thus, it enhances the
learning experience for
medical students study-
ing surgery.
James D. Picker- Is there a differ- 2 years medical students/  paper:10 MCQ. Short Not mentioned-Pre-  This study adds impor- 7
ing(2021) [36] ence between UK answer(Senario) test: a=0.67 tant empirical data
learning gain post- test: a=0.73 to the emerging field
when compared of immersive tech-
to an anatomy nologies and the specific
drawing scre- impact on short-term
encast that is knowledge gain for
focused on long neuroanatomy teaching,
spinal cord sen- specifically that of long
sory and motor sensory and motor
pathways? pathways.
M. Stojanovs-  the effectiveness  second-year medical Electronic:60-min not mentioned the results clearly 8
ka(2020) [22] of an students/ USA MR (36 questions) indicate that medical
MR device to and cadaver-based students, regardless of

teach musculo-
skeletal anatomy
to medical stu-
dents compared
with tradi-

tional cadaveric
dissection

practical(78questions)
exams

the study modality,
performed similarly on
the MR and the cadaver
practical exams
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Table 1 (continued)
Name of the Purpose of the  Target group/ country Data collection tool  tools validity/ General result Quality
author/date  study reliability evalu-
of study ation
Yi-Chun explored the ef-  medical students/ Taiwan  Electronic: Gamel, 2, Not The results indicated 8
Du(2020) [28] fect of a multiple- MCQ, intrinsic Motiva-  mentioned-a=0.05  that the proposed VR

player virtual tion Inventory learning system had

reality a positive impact on

(VR) gaming sys- anatomy learning.

tem on anatomy

learning
Shi Chen(2020) compare there-  medical students/ China ~ paper and electronic: ~ Not The participants in all 8
[3] sults of teaching 18 MCQ, 25 blank mentioned-a=0.05  three groups had signifi-

with VR to results
of teaching with
traditional
teaching meth-
ods by adminis-
tering objective

questions, perception
survey

cantly higher total scores
on the post-intervention
test than on the
pre-intervention test; the
post-intervention test
score in the VR group
questionnaires was not statistically

and perception significantly higher than
surveys the

post-intervention test
score of the other
groups (VR: 30 [IQR:
22-33.5], cadaver: 26
[IQR: 20-31.5], atlas:
28[IQR: 20-33]; p>

0.05). The participants

in the VR and cadaver
groups provided more
positive feedback on
their learning models
than the

atlas group (VR: 26 [IQR:
19-30], cadaver: 25 [IQR:
19.5-29.5], atlas: 12 [IQR:
9-20]; p<0.001).

Alharbi(2020) determine the third-year medical stu- Electronic: objective two expert Medical students de- 8
[29] effectiveness of ~ dents/ Saudi Arabia structured practical ex- anatomist-a=0.80 scribed 3D-VR as a learn-
3D-VRin knowl- amination (OSPE), focus ing tool with a great
edge retention in group discussions deal to offer for learning
human anatomy human anatomy
courses as com- as compared to tradi-
pared to tional methods. There-
traditional teach- fore, we recommend
ing methods adding the use of 3D-VR
among medical in the anatomy
students. curriculum.
Bridget Cop- the effectiveness  first and second-year Electronic question- pilot study-Not The developed VR tem- 8

son(2021) [30]  ofa

virtual reality (VR),
three-dimension-
al (3D) clinically

orientated

temporal bone
anatomy module,

including an

assessment of
different display
technologies

medical student/ Australia

naire: demographic
questions and 13 self-
assessed questions

mentioned

poral bone anatomy
tutor was an effective
self-directed education
tool.

3D technology remains
valuable in facilitating
spatial

learning and superior
user satisfaction
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Table 1 (continued)
Name of the Purpose of the  Target group/ country Data collection tool  tools validity/ General result Quality
author/date  study reliability evalu-
of study ation
Brittany Star Evaluate the third- and fourth-year questionnaire Experts-Not an interactive computer 8
Hampton(2010) effectiveness of ~ students/ USA mentioned trainer to teach female
[23] an interactive PA(pelvic anatomy) and
computer trainer PFD(pelvic floor anato-
in enhancing my) improvers medical
medical students’ student knowledge and
knowledge attitudes
and attitudes
about female
pelvic anatomy
and pelvic floor
dysfunction and
participants’
satisfaction.
Zachary A. Evaluate the first-year medical student/ paper and Electronic CVR: dentification In the post-test satisfac- 9
Drapkin(2015)  effectiveness of ~ USA demographic survey,32 questions: tion survey, the 3D
[26] a 3D neuroanat- identification questions  (0.61+0.028)-dentifi- group expressed a
omy teaching MRI, a survey of cation questions: statistically significantly
tool in improving satisfaction & self rated a=0.88 higher overall satisfac-
medical students’ confidence tion rating compared to
ability to iden- students in the 2D con-
tify subcortical trol group. While the in-
structures on MRI teractive 3D multimedia
scans. module received higher
satisfaction ratings from
students, it neither
enhanced nor inhibited
learning of complex
hepatobiliary anatomy
compared to an infor-
mationally equivalent
traditional textbook-style
approach
Alexander W. Compare the first and fourth-year medi-  paper and Electronic:  two radiographic the interactive 3D multi- 9
Keedy(2011) effectiveness of  cal students /USA background question-  anatomy experts- media module received
[24] an interactive 3D naire, 10 MCQ(pre-test), Not mentioned higher satisfaction
presentation to a 9 MCQ(post-test) ratings from students, it
traditional text- neither enhanced nor
book format in inhibited learning of
teaching medical complex hepatobiliary
students about anatomy compared
liver and biliary to an informationally
anatomy. equivalent traditional
textbook style approach.
Alla Evaluated the first-year medical students  Electronic and Paper: not mentioned The ES3 can be an effec- 9
Solyar(2008) efficacy of the /USA identify the structures, tive tool in teaching si-
[25] E23 system for student extent study- nonasal anatomy and EC

instructing junior
medical students
in sinus anatomy.

ing survey, students’
satisfaction survey

is a remarkably effective
tools to helping medical
students learn nasal and
paranasal sinus anatomy

their training [2, 3, 11, 16, 18-20, 22-24, 26-29, 31, 32,
34, 36, 37]. , The special focus of the studies was on the
3D virtual reality technologies [2, 11, 15, 17-23, 25, 26,

28, 30-32, 34, 40].

The results of all of these studies showed an increase
in at least one of four Kirkpatrick’s evaluation levels of

participants [2, 3, 11, 17, 19-21, 23-25, 27-37]. Despite
this, the third (behavior) and fourth (impact) levels have
been relatively under-explored in the literature.

Positive feedback from the first level of Kirkpat-

rick’s evaluation model (reaction) across most studies
indicates high levels of student satisfaction with these
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Table 2 Characteristics of included studies
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First author course number of participents Duration study method intervention =~ Comparator
H.S. Cardiac anatomy 42 35days Semi-experimental: 2 groups, VR independent
Maresky(2018) 14 control/ pre-post test study
[31] 28 variable
Katelyn Ste- neuroanatomy 66 Eight RCT: 2groups, pre-post-test 3D digital Independent
pan(2017) [18] 33/33 weeks model study
Dongmei anatomy 39 Not semi- experimental: 2groups, 3D stereoscop- 2D
Cui(2017) [19] 2D,18/3D,21 mentioned pre-post test ic models
Ralf A. Kock- anatomy 169 Not semi- experimental: 2 groups, 3D 2D
ro(2015) [32] 2D0.80/3D,89 mentioned post test
Zaid Khot(2013)  anatomy 60 Not semi- experimental: 3 groups, 3D model group/KV
[33] model group,20/KV , 20/ mentioned pre-post test
VR,20
Nicholson anatomy 57 Not semi- experimental: 2 groups, 3D 2D
DT(2000) [21] 29/28 mentioned post test
Jose weber vieira  neuroanatomy 84 classes semi- experimental: 3 groups, VR 1 (conventional
de Faria(2016) [34] 28/28/28 were post test method)
50-60 min 2 (interactive non-
in duration stereoscopic), and
3 (interactive and
stereoscopic)
Salsabeel F. M. Heart anatomy 60 Not semi- experimental: 2 groups, 3D physical
Alfalah(2019) [2] N.each group Not mentioned post-test
mentioned
Yuma Wada(2020) surgical anatomy A group of 30 medical 15 month  Semi-experimental: one 3D 0
[27] students who filled out group - post-test
the questionnaire
Petersson(2009)  Anatomy 137 one semi-experimental: one 3D 0
[20] semester  group,
post-test
Moro(2017) [11] anatomy 59 19 month  semi- experimental: 3 groups, 3D AR, ablet-based
VR,20/AR, 17/TB,22 post test
Daren T Nichol- Anatomy(Ear) 57 One quasi-randomized control 3D tutorial
son(20006) [16] control, 29/ 29 semester trial with a pre-post-test
Katerina Bogomo- anatomy four postgraduate train-  Not developmental study: 2 3D 2D
lova(2021) [37] ees and two anatomy mentioned groups, post-test
teachers
Imai, T.(2022) [35]  esophageal and 2 groups each group 2 weeks prospective observational: 2 3D VR(Image)
mediastinal anato- 30 (60) groups, post-test
my and surgery
James D. Picker-  neuroanatomy 200 Not quasi- randomized control VR 0
ing(2021) [36] mentioned trial
pre- post-test
M. Stojanovs- the gross anato- 64 during the  prospective randomized 3D Lab Anatomical
ka(2020) [22] myand radiology ~ 32/32 fall controlled study: 2 groups,
post-test
Yi-Chun Du(2020) anatomy 18 5day RCT:3 groups, post-test VR (1) a textbook
[28] 6/6/6 | reading control
group
(2) a single-player
VR (SP) roup
(3) a multiple-play-
er VR (MP) group
Shi Chen(2020) [3] neurosurgery 73 Not Mixed Methode: 3 groups, 3D cadaver-atlas
VR, 25/cadaver, 25/atlas mentioned Pre-post test
23
Alharbi(2020) [29] anatomy 170 Not Mixed Methode: 3D traditional models
85/85 mentioned 2 groups, pre-post test
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Table 2 (continued)

Page 11 of 15

First author course number of participents Duration study method intervention ~ Comparator

Bridget Cop- bone anatomy 47 Not RCT 3D M3D, monoscopic

son(2021) [30] M3D16,/ PPT,16/S3D, 15 mentioned group, per-post test 3D group; PPT,
presented the
same content;
S3D, stereoscopic
3D group

Brittany Star obstetrics and 43 6 month  RCT: 2 groups, Per-post test. 3D Traditional

Hampton(2010) gynecology Usually teaching, 22/

[23] intervention21

Zachary A. Drap-  Neuroanatomy 62 2h experimental: 2 groups. Per- 3D 2D

kin(2015) [26] 29 control / 33 post test.

experimental)

Alexander W. Radiology 46 Not RCT:2 group, pre-post-test 3D 2D

Keedy(2011) [24] 23/23 mentioned

Alla Solyar(2008)  Anatomy 15 3-hour experimental control: 2group, VR Text-books

[25] control7/experimental8 post-test

interventions. This is significant, as learner satisfaction
is often linked to increased engagement and improved
knowledge retention.

At the second level (learning), most studies indicated
improved learning outcomes, highlighting VR’s effective-
ness in anatomy education. The third level (behavior)
also showed positive effects suggesting the need for more
research to clarify the links between educational inter-
ventions and real-world clinical performance. Variations
in study design, participant demographics, and interven-
tion specifics may contribute to these inconsistencies.

In this regard, the results of the scoping review con-
ducted by Sinha et al. [40] to identify the potential deter-
minants of anatomy learning in a multi-dimensional
VR environment showed that various factors such as
cognitive load, cybersickness, student perception, bin-
ocular vision, spatial perception, and interaction affect
the learning of the anatomy course in the virtual reality
environment.

In support of the present study results, a meta-analy-
sis by Zhao Ji et al. [13] reviewed randomized controlled
studies and showed that virtual reality could improve
anatomy knowledge. Also, Rosmansyah et al. [12] found
that virtual reality increased medical learners’ knowledge
and skills. In a systematic review conducted by Uruthi-
ralingam, and Rea in two databases, PubMed and Web of
Science, the effectiveness of virtual and augmented real-
ity was investigated. Even though this systematic review
was limited to two databases, PubMed and Web of Sci-
ence, the results showed the effectiveness of both virtual
and augmented reality. This article analyzes 45 articles on
virtual reality. Findings from 45 support VR use, while
8 found no significant effect, and 3 indicated potential
drawbacks [41].

considering the geographical distribution of the studies
that presented, the effectiveness of virtual reality on the
academic progress of medical students in anatomy and

the increasing desire of universities for this technology in
anatomy has been well confirmed in the studies reviewed.

Some similar studies also confirm the findings of the
present study. As an example, Kockro et al. [32] in Ger-
many investigated the effectiveness of the 3D virtual
reality environment compared to more traditional meth-
ods. They found that it significantly improved medical
students’ satisfaction and learning with the application
of this technology. The present study, as one of the first
review studies in Iran regarding the effectiveness of vir-
tual reality on medical students’ anatomy learning, can
provide helpful information for future researchers and
those involved in medical education.

This study attempted to examine all studies related to
the keywords with the broadest possible diversity of data-
bases. Several studies demonstrating VR’s ineffectiveness
were also included to avoid publication bias. However,
limiting the results to English/Persian articles was one
of the limitations of this study; thus, future researchers
should pay attention to this point.

Conclusion

This review highlights the effectiveness of virtual real-
ity (VR) in enhancing anatomy education for medical
students, noting high satisfaction and improved learn-
ing outcomes. However, inconsistencies at higher evalu-
ation levels, such as behavior and impacts, suggest a
need for further research on VR’s effectiveness on clini-
cal performance. The study provides valuable insights
for future educational strategies as universities adopt VR
technologies.
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Table 3 Results of Kirkpatrick's four-level evaluation and tools

First author Kirkpatrick’s Level

Effect on Reaction/Tools Effect on Learning/Tools Effect on behav-
ior / impact

H.S. Increased(subjective): A subjective question- Increased (P=0.004): 10 multiple choice questions; 5 con- Not investigated
Maresky(2018)  naire about the students' perceived learning ventional cardiac anatomy questions and 5 visual-spatial (VS)
[31] and the effectiveness of VR questions
Katelyn Ste- Higher likelihood of recommending the study Increased (p <0.01): Three quizzes were administered: a pre-in-  Not investigated
pan(2017) [18]  material in VR group versus other students ( tervention quiz, a post-intervention quiz, and a retention quiz.

p<0.01). The quizzes assessed knowledge of the ventricular system,

No difference between the 2 groups in their arterial supply to the brain, and the brainstem using multiple-

responses to choice and fill-in-the-blank questions. The post-intervention

the ease of use of the study materials: The In- quiz also included identification questions based on a 3D brain

structional Materials Motivation Survey (IMMS):  model. The quizzes were developed by an otolaryngologist

4 key aspects and a resident.

of motivation in education: attention, rel-
evance, confidencedence, and satisfaction
Dongmei Not investigated Increased (Wilcoxon rank-sum, P=0.0033): The study used two  Not investigated
Cui(2017) [19] tests(pre and post-test), each with 15 questions about struc-
ture, function, and spatial relationships. Fewer than half of the
post-test questions were repeated from the pre-test. Repeated
questions either used the same question with different images
or asked about the same structures in different spatial orienta-
tions. Students were not given correct answers to the repeated
questions after the pre-test.

Ralf A. 3D VR more highly compared to usual teach-  Increased (p <0.0001): Ten multiple-choice questions. Not investigated
Kockro(2015) ing versus the 2D presentation across all (MCQs) relating to the topographical anatomy of the third
[32] four evaluation domains (Fisher’s exact test; ventricle.

p<0.001 in all cases): Students were asked four
questions to provide their personal opinions
about their learning experience
Zaid Not investigated Not increased (F=0.96, P=0.39): After completing the learning  Not investigated
Khot(2013) [33] phase, subjects were given a 25-item test and a cadaveric
pelvic specimen as a guide. The test consisted of 15 nominal
questions and 10 functional questions.
Nicholson Not investigated Learning has increased(P<0.001): The quiz had 15 questions Not investigated
DT(2006) [21] testing participants' understanding of 3D ear structure relation-
ships. 12 were multiple-choice, and 3 required open-ended
naming of structures.

Jose weber Increased(Qualitative): Those who participated Increased(p < 0.05): Pre-test: The students were asked to increased(p < 0.05):

vieira de in the interactive sessions, with or without compile a list of the limbic system’s components. Pedagogical  In the practi-

Faria(2016) [34] stereoscopic elements (Groups 2 and 3), were  evaluations were performed after each class cal assessment,
asked to comment on the efficacy and short- students identi-
comings of the instructional materials. fied anatomical

structures on real
specimens at 10
stations / Not
investigated

Salsabeel .M.  Increased: participants’satisfaction (Qualita- Increased(Qualitative): Participants’ performance, and re- Not investigated
Alfalah(2019)  tive): Collecting and analyzing participants’ sponses, were observed and recorded.
[2] feedback and responses regarding the system.

The overall mean values for Questionnaire
results rose from 2.91 (physical model) to 4.51
(VR Anatomy System) (P =Not mentioned)

Yuma 90% of the participants have shown satisfac-  Increased (P=Not mentioned): A multiple-choice question- Not investigated
Wada(2020) tion of the Preoperative 3D simulation used: naire (MCQ) was created by the authors.
[27] A multiple-choice questionnaire (MCQ) was
created by the authors
Peters- Increase((P =Not mentioned): The students Increase (P=0.0228): The assessment evaluated second-se- Not investigated

son(2009) [20]  also completed a questionnaire to assess their  mester students'knowledge of peripheral vessel anatomy and
attitudes towards the EVA program. fifth-semester students knowledge of neurovascular anatomy
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First author

Kirkpatrick’s Level

Effect on Reaction/Tools

Effect on Learning/Tools

Effect on behav-
ior / impact

moro(2017)
(1]

Daren T Nich-
olson(2006)
[16]

Katerina Bogo-
molova(2021)
[37]

Imai, T.(2022)
(35]

James D. Pick-
ering(2021)
[36]

M. Stojanovs-
ka(2020) [22]

Yi-Chun
Du(2020) [28]

Shi Chen(2020)
[3]

Alharbi(2020)
[29]

Bridget Cop-
son(2021) [30]

Nearly all participants (95%) reported dif-
ficulties visualizing anatomical structures in
3D space: An online survey was conducted
to collect data on participants’comprehen-
sion of the learning material and their overall
experience. A five-point Likert scale was used
to measure understanding, while a four-point
Likert scale was used to assess experience.

Not investigated

Positive experience(Qualitative): Feedback re-
ceived on personal experiences and practical
use during evaluations.

More interested in mediastinal anatomy
(p=0.0165) and surgery (p=0.0135) in the VR
group: Lecture Assessment Questionnaire

Not investigated

Not investigated

increase(p < 0.001): Motivation Inventory. The
inventory included four subtests: interest,
competence, importance, and stress.

The VR and cadaver groups: found their
assigned learning models more enjoyable:

A 5-point Likert scale was used to measure
participants’ perceptions of the tool’s effec-
tiveness, including its perceived enjoyment,
learning efficiency, attitude, intention to use,
and authenticity

3D-VRis a beneficial tool, but its use comes
with challenges(Qualitative): focus group
discussions

After completing their respective modules,
students in all groups reported significantly
increased confidence in their understanding
of temporal bone and inner ear anatomy:
Likert scale for subjective experience

increase (P<0.05): The 20-question multiple-choice assessment
tested both factual and spatial anatomical knowledge. Ten
questions required identifying specific bones or regions based
on textual descriptions, while the other ten involved recogniz-
ing anatomical structures in images.

Learning has increased(P< 0.001): The quiz tested partici-
pants’ understanding of 3D ear structures. 12 questions were
multiple-choice

Effectiveness (Qualitative): Three distinct components were
designed, implemented, and evaluated simultaneously: a 3D
anatomy test, an augmented reality application, and a virtual
3D assessment scenario that integrated practical application
into the assessment setting. The anatomy test included ques-
tions ranging from basic factual recall to higher-order thinking
skills, aligned with Bloom'’s Taxonomy.

Increase(0.0001 <P<0.3111): A written examination, comprised
of four questions, was administered to assess the retention of
the knowledge acquired.

indicate between group significance and effect size; aP > 0.05;
bP <0.05; Cohen’s effect size was calculated as 0.388 for screen-
cast versus mixed reality, MCQ post-test; MCQ, multiple-choice
question; SAQ, short-answer question no effect (p=0.052): Ten
multiple-choice questions (MCQs) assessed lower-level Bloom's
taxonomy skills (e.g., recall, comprehension). This was followed
by a single short-answer question (SAQ).

No different between MR score and caviar (p>0.05): The
practical exams were station-based and consisted of two short-
answer questions per station. The exam questions were stan-
dardized and included both first- and second-order questions.
Increease(p <0.001): Game: A two-phase approach was
employed, incorporating both knowledge assessment and
retention testing. Multiple-choice assessments were utilized to
evaluate learning in both phases

Generally increase between the group no differnce (p>0.05): A
theoretical test and an identification test to objectively assess
students’learning.

Males who used the traditional methods. Meanwhile, females
who used traditional methods showed significantly higher
short-term knowledge scores than females who used 3D-VR
(p<0.001): Objective Structured Practical Examinations (OSPEs)
were used to assess short-term and long-term knowledge
retention

increase (p<0.005,

Cohen’s d=1.41): The questionnaire contained 13 quiz
questions

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated

Not investigated
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First author Kirkpatrick’s Level

Effect on Reaction/Tools

Effect on Learning/Tools

Effect on behav-
ior / impact

Brittany
Star Hamp-
ton(2010) [23]

would enhance patient care, while 81% felt

it would improve their performance on the
obstetrics and gynecology shelf exam: faculty
members again questionnaire

Zachary A. the interactive 3D multimedia module
Drapkin(2015)  received higher satisfaction ratings from

[26] students(P< 0.05): survey of satisfaction & self
rated confidence

Alexander W.  satisfaction survey the 3D group expressed a
Keedy(2011) statistically significantly higher overall satisfac-
[24] tion rating(P < 0.05): satisfaction survey

Alla the statistically significant difference between
Solyar(2008) the two groups (P < 0.05): Two surveys: The first
[25] survey assessed the extent of students’study

efforts. The second survey evaluated students’
satisfaction with their study modality using a
Likert scale, and students’ perception of the
study modality’s effectiveness as a learning
tool, likelihood of future use, ease of use, ease
of learning, and image realism.

95% of students believed that using the trainer The trainer group had significantly higher postintervention
knowledge(P < 0.05): knowledge questionnaires

neither enhanced nor inhibited learning of complex hepato-
biliary anatomy(P > 0.05): Pre-test: Previous experience survey
Purdue visualizations of Rotation test.

Post-test: 32 identification questions MRI.

Spatial ability did not statistically significantly correlate with
post-test scores for the 3D group or the 2D group(P>0.05).:
questionnaire, 10 MCQ(pre-test), 9 MCQ(post-test)

no statistically significant difference between the two groups
(P>0.05): pre-test: Identification of anatomical structures from
textbook images to establish a baseline knowledge level.
Post-test: Completion of a nasal cavity endoscopic videotape
session followed by a question-and-answer session.

Not investigated

Not investigated

Not investigated

Not investigated
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