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Abstract: EduTech (Education and Technology) has drawn great attention in improving education
efficiency for non-face-to-face learning and practice. This paper introduced a blended gross anatomy
class using both virtual reality (VR) devices and traditional programs alongside a practice-based
cadaver dissection and in-class observation. The class allowed the students to get hands-on experience
with both practical practice and VR operations to identify the biochemical aspects of the disease-
induced internal organ damage as well as to view the three-dimensional (3D) aspect of human
structures that cannot be practiced during the gross anatomy practice. Student surveys indicated
an overall positive experience using VR education (satisfaction score over 4 out of 5, Likert scale
question). There remains room for improvement, and it was discussed with the results of the essay-
based question survey. Formative evaluation results showed that the students who trained in blended
anatomy classes with VR set-ups received higher scores (85.28 out of 100, average score) than only
cadaver-based anatomy class (79.06 out of 100, average score), and this result represents that the
hybrid method could improve the academic efficiency and support the understanding of the 3D
structure of the body. At present, VR cannot totally replace actual cadaver dissection practice, but
it will play a significant role in the future of medical education if both students and practitioners
have more VR devices, practice time, and a more intuitive user-friendly VR program. We believe that
our paper will greatly benefit the development of EduTech and a potential new curriculum item for
future medical education.
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1. Introduction

Education has seen a major change recently in the era of the Fourth Industrial Revo-
lution. “EduTech”, combining education and technology, was newly coined and is now
widely used throughout college education [1-4]. An array of lesson plans, curriculum,
and educational techniques and methodology, backed up with technology, are now be-
ing used, and new concepts such as virtual reality (VR) and augmented reality (AR) as
well as mixed reality (MR) are also actively applied within educational institutions [5-8].
Many educational institutions have introduced non-face-to-face classes due to COVID-19 to
curb infectious diseases [9,10]. Class platforms such as non-face-to-face real-time recorded
classes and metaverse classes are also gaining attention. Papers on classes that introduce the
latest technology have been widely reported since 2019, and several EduTech-related com-
panies have also emerged, and their corporate values have gained notoriety as well [11,12].
Virtual reality (VR) has been highlighted as it can be easily applied to education and is
highly useful for non-face-to-face classes among others [13-15].
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The adage, “Seeing is believing”, is now being replaced by, “Doing is believing”,
which indicates the importance of hands-on activities. In the COVID-19 era, where commu-
nication between educators and learners is limited, VR is expected to greatly contribute
to improving the efficiency of education [15]. VR has been widely applied across various
education fields such as medical education, physical education, industrial engineering,
computer engineering, and art [13,16-19]. For medical education, VR can be highly useful
in medical data visualization, surgery planning, training, and anatomy study [20-26]. Stan-
ford University School of Medicine is already using VR for training in its Neurosurgical
Simulation [27], and the University of California, San Francisco, and the University of
Michigan have utilized VR within an anatomy class [28,29]. VR is widely used in medical
school education to study the structure of the human body because it can create and show
the world around you in 3D [30]. VR is an ideal and effective educational tool where
practicum and hands-on activities, which generally entail considerable expense are crucial.
VR also overcomes the limitations of time and space that enables people to participate from
distance and to easily grasp spatial /structural information through three-dimensional visu-
alization [31-35]. In addition, VR makes accessing clinical experiences simple, repeatable,
and flexible, allowing the integration of simulation-based education for the learners with
reducing costs from the institutional standpoint.

For anatomy education, human body models, practice videos, and cadavers are the
main teaching aids. Recently, a mixed-methods study on using a 3D skull model to improve
traditional anatomy education programs, and this paper concluded that the skull virtual
learning resource was equally as efficient as the cadaver skull and atlas in teaching anatomy
structure [36].

In Korea, most medical school/college has traditional anatomy education class using
cadavers (1 cadaver for around 10 students). Most faculty members pointed out that the
number of cadavers is not sufficient for the anatomy practice. In addition, the COVID-
19 pandemic made it more difficult to collect cadavers. From this point of view, the
development of a new education strategy for the anatomy practice is needed. Herein, we
introduce a blended (hybrid) anatomy class, whole-body gross anatomy and VR-based
anatomy, conducted at the College of Medicine of Kyung Hee University (Seoul, Republic
of Korea in 2021). VR was introduced to the existing gross anatomy class, and the state-of-
the-art VR anatomy devices and programs were employed in addition to the traditional
cadaver dissection. This is the first trial of its kind in Korean medical schools, and this
paper specifies the class methods, analysis of strengths and weaknesses of VR introduction,
and VR development plans. The class was designed and conducted for 95 students at the
College of Medicine of Kyung Hee University. In this study, we aimed to figure out that the
VR could be used as a new tool for anatomy education to improve learning efficiency in the
COVID-19 pandemic as well as post-pandemic and understand the educational effect of
the adaption of high-tech educational tools to the medical class.

2. Materials and Methods

Cadaver procurement for gross anatomy was carried out by the Department of
Medicine with the approval of the IRB board. Students and professors wore personal
protective equipment (gloves, medical gown, arm sleeves, a medical cap, a mask, goggles)
to ensure personal safety during the practice during the COVID-19 pandemic. The VR-
introduced anatomy dissection class was conceptualized by the researchers (D.K., Y.H.).
The anatomy VR program and devices (VR headset, laptop, cable,) were purchased from
an online website. VR devices and anatomy VR programs used for the practice are stated
in the “VR set-up” section. All questions proposed by the researchers were selected for
review purposes.

2.1. Design of the Study

Details of undergraduate anatomy course before COVID-19 pandemic at Kyung Hee
University are as follows: (1) Total hours of lectures: 72 h. (2) Total hours of laboratories:
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64 h. (3) Use of cadavers: dissection and pro-section. (4) Types of instructions: flip-leaning,
classroom lecture, training lecture, discussion, examination (mid-term, final-term), and
image-based formative evaluation. (5) Resources: textbook, power points slide, and video
clips (training lecture). (6) Methods of assessment: theory (mid-term, final-term) and
laboratory (final-term).

Design of the study during COVID-19 pandemic: The class was delivered in two
practicum rooms (Figure 1). Room 1: this room was used for the gross anatomy class.
The 95 students (age: 20-22, sex: 68 male, 27 female, experience with anatomy class:
10, experience with anatomy with VR: none) were divided into 12 teams with one team per
cadaver. The cadavers were donated (aged from the 50 s to 80 s). Four anatomy professors
and 1 endocrinology professor conducted the class, providing the list of the structures,
and the students then located the structures during the cadaver practice and VR-assisted
class. Considering the COVID-19 situation, a local ventilation system and air extractor
were installed for protection, along with the personal protective equipment (PPE) use, and
each dissection table was arranged 2-3 m apart from each other. Room 2: this room was
used for the practice class by using the VR devices and programs. A total of 12 desks and
12 VR set-ups (VR headset, laptop, controller, cable) were prepared. VR set-ups were placed
on each desk arranged in a way to secure a sufficient workspace. Students could borrow
VR equipment after getting professors’ permission and use it away from the institution at
their place and time of day. Except for the classroom setting, the others are the same as the
before COVID-19 pandemic. Total hours of laboratories (Room 1: 14 h average, Room 2:
50 h average).
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Figure 1. Blended gross anatomy classroom set-up using the traditional cadaver dissection and
virtual reality. Left (Room 1): Cadaver dissection room. Distance between dissection table: 2-3 m.
A: dissection table. The number of dissection tables is 12. B: The local ventilation system near the
dissection table. C: air extractor. The local ventilation system and air extractor were used to ensure
that the practice could be carried out in a clean air environment and minimize the damage to VR
instruments due to the formalin exposure. Right (Room 2): Virtual reality (VR) room. D: Laptop, E:
VR set. F: Workspace. The number of VR sets is 12. The class was conducted in 12 groups. The total
number of students: 95.
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The students conducted gross anatomy and used VR for the following purposes: (1) to
preview and understand the location of human structures before the practice. (2) to classify
human structures that were missed or difficult to construct during the gross anatomy
practice considering the age of most cadavers. (3) to identify the small structures that are
difficult to observe during the gross anatomy practice. (4) to construct the three-dimensional
aspect of human structures that cannot be classify during the gross anatomy practice. (5)
to identify the structures (genital organs, etc.) that cannot be observed, dependent on
the gender of the cadaver. (6) to explain the physiological and biochemical aspects of the
disease-induced internal organ damage.

Practices were mainly conducted in Room 1. The VR induction training was provided
30 min before the practice by experienced teaching assistants (5 people) and assistance
was given when needed. Practices were conducted with extra precautions considering the
COVID-19 situation in both rooms.

2.2. Blended Gross Anatomy Class

Gross anatomy practice and VR-based anatomy practice was conducted in Room 1 and
2, respectively. Students first practiced gross anatomy in Room 1 and then moved to Room
2 for VR-assisted practice. As stated in Table 1, two VR anatomy programs used in this class
have different purposes (Figures 2 and 3). Program Sharecare You has a good database for
checking internal organs (brain, heart, lung, liver, kidney, pancreas, etc.) (HMD: Oculus,
2020), but has limitations with learning muscles, bones, blood vessels, or nerves. Anatomy
Explorer specializes in the observation of muscles, bones, blood vessels, and nerves, but
has limitations in observing internal organs (HMD: Oculus, 2020). These two programs can
be complementary to each other.

Table 1. List of commercial anatomy VR programs.

. . . Diseased . .
Program Main Sectional View Information Image Price Image Quality
3D organon VR Muscle, Bone, Yes No Real rage, USD 100-200 Normal
Nerve, Vessel Virtual image
Anatomy Muscle, Bone, . .
Explorer 2020 Nerve, Vessel Yes No Virtual image USD 30-50 Normal
. . Free, USD
Sharecare You VR Organ No Yes Virtual image 30-50, 100-200 Good
VEDAVIVR Bone Yes No Virtual image USD 20-40 Normal

human anatomy

3D organon VR: 3D Organon (San Francisco, USA). Anatomy Explorer 2020: Virtual Medicine (Bratislava,
Slovakia). Sharecare You VR: Sharecare (Atlanta, USA). VEDAVI VR Human Anatomy: VEDAVI Medical
(Susenbergstrasse, Switzerland).

Students were asked to submit a PowerPoint (Microsoft PowerPoint, Microsoft, Red-
mond, Seattle, WA, USA) slides report comparing cadaver photos in Room 1, screenshots,
and videos of VR anatomy practice in Room 2, and photos from an anatomy textbook
(Ethical approval for taking picture of cadavers: Document No. 2021-129). The submitted
PowerPoint slides were used for the formative evaluation and final examination.

The Professor provided a list of 150 structures (a rough guide) for the students to
study one month before the practice. The structure dissection sequence could then be
decided before the practice by students after a group discussion. Students were asked to
provide opinions (strengths, weaknesses, and any improvement points for the VR set-up
and program) on how the VR practice could contribute to the anatomy practice, and each
sequence was set and controlled by their own group. As the professors did not engage
in deciding the dissection practice sequence, they asked each group to check how the VR
practice helped them during the practice.
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Figure 2. (a) Photo of the VR device set-up. A: Laptop. B: B: VR HMD. C: Controller. D: Cable (5 m).
(b) Photo of a student wearing a VR device during the class. E: VR mask. F: mouse mask. G: VR HMD.
H: Cable. I: Controller. Photos of a student in VR practice; (c) Sharecare You, (d) Anatomy Explorer.
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Figure 3. Screen captures of the anatomy VR program; (a) Sharecare You, (b—d) Anatomy Explorer.
Pectoralis major muscle (in panel (b), green color), trapezius muscle (in panel (c), green color), and

mandible bone (in panel (d), green color) were represented.
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2.3. Virtual Reality Set-up

One of the most important factors to consider for the VR technique introduction
to the anatomy class was a VR device. We needed to purchase the best-performing VR
device that was commercially available and within a limited budget. We listed the VR
devices and analyzed their characteristics, platforms, and prices (Table 2). Another factor
to consider was if the device was a PCVR (VR requiring personal computer), as most of the
VR anatomy programs can run only on a PCVR. Most of the VR devices in the market have
head-mounted displays and PCVR functions with each VR manufacturer operating its own
platform. The VR price varies from USD 400 to USD 2000. We chose Quest 2 (Oculus Quest
2, Meta Quest, Menlo Park, CA, USA) by Oculus (Figure 2a). This model functions both as
a PCVR and a standalone VR, which enables the user to enjoy the VR technology without
needing to be connected to a smartphone or computer. It also has a good picture quality
considering the price and high compatibility with VR anatomy programs.

Table 2. List of commercial VR devices.

Device Company Type Compatibility Platform Price
Oculus Quest 2 Oculus HMD Standalone, PCVR  Oculus Quest  USD 400-700
Reverb VR G2 PRO HP HMD PCVR SteamVR, 351 7001000
Windows MR
SteamVR,
HMD Odyssey+ Samsung HMD PCVR Windows MR USD 400-700
HTC Vive Pro 2 HTC HMD PCVR VIVEPORT, USD 1000-1500
SteamVR

HMD: Head-mounted display. PCVR: VR requiring connection with PC. Brands not included in the table: Dell
Visor, Asus MR, Acer MR, Pico Neo 2, and Lenovo WMR. Oculus Quest 2: Meta Quest (Menlo Park, CA, USA).
Reverb VR G2 PRO: Hewlett-Packard Company (Palo Alto, CA, USA). HMD Odyssey+: Samsung (Suwon, Rep.
of Korea). HTC Vive Pro 2: HTC (Taoyuan City, Taiwan).

Running VR anatomy programs requires a laptop equipped with a high-performance
graphics processing unit (GPU) Oculus Quest 2 is a standalone VR, but as most VR anatomy
programs require a connection through a computer, we listed all laptops equipped with
a central processing unit (CPU) Core-i7-10th generation, solid-state drive (SSD) 512 GB,
Memory DDR4 (8G), USB 3.1 Type-C, and we chose the ROG STRIX G model (STRIX
G17, Asus, Taipei, Taiwan) for the class (Figure 2a, GPU: Core-i7-10th generation GPU
(GTX1660 Ti), SSD: 970 PRO M.2 PCle NVME (Samsung electronics, Suwon, Rep. of Korea),
DDR4: PC3-12800 (Samsung electronics, Suwon, Rep. of Korea)). Connecting the VR
Head-mounted display (HMD) to a laptop (ROG STRIC G model), requires a long cable
to enable the free movement of students in the workspace during practice. However, the
image transmission efficiency from the laptop to VR HMD deteriorates significantly if the
cable length exceeds 5 m (m), so we chose a 5 m cable (Figure 2a, Oculus Link cable, Meta
Quest, Menlo Park, CA, USA). As a precaution to the COVID-19 pandemic, we prepared
disposable VR masks (AMVR 100 pcs disposable VR face mask, Amazon, Seattle, WA, USA)
for VR HMD (Figure 2b) and made it mandatory to wear a medical gown and a face mask
during the practice.

VR anatomy programs that can run on Oculus Quest 2, including (1) 3D organon VR
(3D organon VR anatomy Standard, 3D Organon, San Francisco, CA, USA), (2) Anatomy
Explorer 2020 (Anatomy Explorer 2020, Virtual Medicine, Bratislava, Slovakia), (3) Share-
care You (Sharecare You VR Standard, Sharecare, Atlanta, GA, USA), and (4) VEDAVI
VR human anatomy (VEDAVI VR Human Anatomy, VEDAVI Medical, Susenbergstrasse,
Zurich, Swiss) (Table 1, Figure 3).
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2.4. Survey

An anonymous survey was conducted with the students after the practices. A total of
95 students (95% of the total students, regular anatomy class of the medicine department,
third-grader) participated in the survey. The survey questionnaire (delivered to the partici-
pants by hard copy) consists of ten Likert scale questions and three essay questions. On
Likert scale question, students were asked to rate the VR program and the practice class on
ascale of 1 to 5 (1 = very dissatisfied, 5 = very satisfied). In the essay questions, the students
were asked to write their opinions about the blended class, its strengths, weaknesses, and
any improvement points for the VR set-up and program.

2.5. Statistical Analysis

All contributors agreed on the survey after the anatomy dissection class. Statistical
analysis was conducted using the Likert scale questions survey (10 questions) and statistical
software; (i) Prism 8.0 (GraphPad, La Jolla, CA, USA), (ii) Microsoft Excel (Redmond, USA).
See the details for the survey in the section “Survey” above.

3. Results
3.1. Likert Scale Questions Survey Results

The survey was collected from 95 students (see the descriptive demographics in
the section of Design of the Study) and analyzed after the practice was completed. The

summary of survey results is represented in Figure 4 and Table 3 (ad-hoc survey, Cronbach’s
oc: 0.985).

1. Were you satisfied with the quality of display and control?
2. Do you think the VR programs showed organs correctly? I

3. Do you think the VR programs showed diseases correctly? I

4. Do you think the indexes in the VR program is correct? I

5. Did the program help you find indexes that were hard to find in an actual cadaver? I

6. Do you think the program reproduce actions of actual cadaver practice? NN

7. Do you think the price of VR program is reasonable? I

8. How satisfied are you with the overall experience with the VR program? I
9. Do you think the program improve your learning of anatomy? I

10. Do you agree with using VR anatomy education as a supplementary for cadaver practice? I

1 2 3 4 5
Strongly Strongly
disagree agree

Likert scale of agreement

Figure 4. Horizontal graph bar of scores reporting means and standard deviation (S.D.) with ac-
companied questions (total of 10 questions, Likert scale questions survey results). See the detailed
information in Table 3.

Question 1. Question 1 was regarding the VR setup. When asked about the quality of
the display on the VR HMD and the sensitivity of the controller, about 75% of the students
rated it as good or very good. However, as most of the students were first-time users of the
VR devices, they found it rather difficult to use the device within the program, and about
25% of the students showed moderate or negative opinions. The mean average score of
question 1 was 4.03 out of 5 (Likert scale question).

Questions 2 and 3. Questions 2 and 3 were about the program quality to monitor
internal organs and disease models. When asked about the display quality of internal
organs (Question 2), about 87% of the students gave a positive opinion and about 13% of
students gave a moderate or negative opinion. The mean average score of question 2 was
4.27 out of 5 (Likert scale question). When asked about the quality of the disease model
(Question 3), about 70% of students gave positive opinions and 30% gave moderate or
negative opinions, which is a relatively high ratio compared to other questions. It can be
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surmised from the essay answers that negative opinions from Question 3 are related to
the sense of the human organs and diseases in the programs being too virtual and that the
imagery lacks definition and a sense of reality. The mean average score of question 3 was

3.95 out of 5 (Likert scale question).

Table 3. Survey results from the anatomy VR programs (Sharecare You, Anatomy Explorer).

Grade (Low: 1, High: 5)

Question
1 2 3 4 5
VR Set-up 1. Were you Satle;‘;dd“C’:r}:tzf?quahty ofdisplay  ga goub  6/63%  18/189% 38/40%  33/347%
2. Do you think the VR programs showed 0/0%  5/52%  7/73%  40/42.1% 43/452%
organs correctly?
3. Do you think the VR programs showed 0/0%  6/63% 22/23.1% 38/40%  29/30.5%
diseases correctly?
4. Do you think thv.s indexes in the VR program 0/0% 0/0% 6/6.3% 30/31.5% 56/58.9%
is correct?
Program - —
5. Did the program help you find indexes that were 4 10 44500 27/2849% 29/305% 34/35.7%
hard to find in an actual cadaver?
6. Do you think the program reproduce actions of ¢ /¢ 4o/ 56 /5739, 27/284% 14/147%  20/21%
actual cadaver practice?
7. Do you think the price of VR program 5/52%  5/52%  26/273% 24/252% 35/36.8%
is reasonable?
8. How satisfied are you with the overall experience 0/0% 8/8.4%  16/16.8% 44/46.3% 27/27.4%
with the VR program?
Class 9. Do you think the program improve your learning 0/0% 8/84%  21/22.1% 35/36.8% 31/32.6%

of anatomy?

10. Do you agree with using VR anatomy education
as a supplementary for cadaver practice?

1/1% 2/21%  12/12.6% 31/32.6% 49/51.5%

N = 95. The survey was conducted anonymously after the class. #: number of choices, ®: percentile.

Questions 4 and 5. Questions 4 (indexes in VR program) and 5 (helpfulness of indexes
in VR program) were about the index accuracy of body structures. The question was
about the accuracy of the index marked on the human structure and how useful it was to
distinguish between the structures that cannot be discerned in an actual cadaver. Most
students said that the indices were accurately marked (positive: 94%, average: 6%) and
showed a positive opinion rating stating that it helped to find structures in the cadaver
with the indices of the VR program (positive: 66%), and a 28% average rating and a 4%
who expressed a negative opinion. The mean average score of question 4 and 5 was 4.40
and 3.96 out of 5, respectively (Likert scale question).

Question 6. Question 6 was about how accurately the VR practice program reproduced
the anatomy of a real human body, and a high percentage of negative opinions were
presented (very negative: 8.4%, negative: 27.3%, average: 28.4%). The mean average score
of question 6 was 3.12 out of 5 (Likert scale question).

Question 7. Question 7 was about the price of the VR program. Sharecare You and
Anatomy Explorer can be purchased for less than about $50 per computer. About 61% of
the students said that the programs were reasonably priced, but some students expressed
negative opinions about the price (average: 27%, somewhat expensive: 5%, very expensive:
5%). The mean average score of question 7 was 3.83 out of 5 (Likert scale question). There
is a correlation between the program quality and the price. Students who had a positive
opinion about the quality and use of the program showed a positive opinion about the
price of the program, while the students who had a negative opinion about the program
had a negative opinion about the price.
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Questions 8 to 10. Questions 8-10 were about the blended anatomy class using
VR. Question 8 asked how satisfied the VR-assisted practice was, and about 73% of the
students rated positively with 16.8% marking average and 8.4% marking not satisfied.
Question 9 asking if the program improved the learning anatomy gained similar results
from Question 8. The mean average score of question 8 and 9 was 3.95 and 3.93 out of
5, respectively (Likert scale question). When asked if the students agreed to use the VR
system for cadaver anatomy practice as a supplementary learning aid (Question 10), 51%
of them said highly agreed with 32% rating agreed, 12 % rating average, and 3% showing
a negative reaction. The mean average score of question 10 was 4.31 out of 5 (Likert
scale question).

Overall opinions on the VR-based anatomy practice class suggested that most of the
students were highly satisfied with the programs and expressed positive opinions, stating
that the VR was helpful for the gross anatomy practice using a cadaver. However, a high
percentage of respondents felt that the VR-assisted program lacked reality in reproducing
the anatomy of the human body due to the disparity between the body model in the VR
program and the actual cadaver, which needs improvement.

3.2. Essay Questions Survey Results

Alongside the Likert scale questions, we asked students’ opinions (from 95 students)
about the strengths, weaknesses, and improvement points of the VR-assisted anatomy
practice in the essay questions. Main keywords derived from the answers, and the detailed
explanations for each keyword are described in the following.

Strengths: When asked about the “strength of the VR-assisted anatomy practice”, the
main keywords were “Efficient (the number of respondents: 80)”, “Iterative learning (the
number of respondents: 72)”, “Easy to find structure (the number of respondents: 65)”,
“High accessibility (the number of respondents: 62)”, “Easy disease simulation (the number
of respondents: 59)”, “Safe & Clean (the number of respondents: 57)”. Most respondents
stated that the biggest advantage of the VR-based anatomy practice lies in its effective and
repetitive learning capability. Other most frequently mentioned strengths are as follows:
(1) It allows a clear three-dimensional observation of the structures at different locations and
angles and can even restore the removed tissue (the number of respondents: 37). The VR
strength lies in its ability to enable anyone to find a structure, regardless of the participant’s
medical techniques, whereas the cadaver practice is highly dependent on those skills. (2) It
is efficient as it is less tiring and less time-consuming (the number of respondents: 35).
(3) It easily detects the structures that are hard to find in an actual cadaver (the number
of respondents: 32). (4) It is easy to find the observation site through the search function
and enables efficient learning through easy access to information on the specific site (the
number of respondents: 30). (5) It enables observation of the physiological processes of
how organs work in a living body rather than a cadaver (the number of respondents: 30).
(6) It is safer and simpler as it does not use the formalin needed for cadaver production
(similar opinion with the “Safe & Clean”).

Weaknesses: When asked about the “weakness of the VR-assisted anatomy practice”,
the main keywords were “Lack of Detail (the number of respondents: 73)”, “Low Reality
(the number of respondents: 72)”, “Difficult Control (the number of respondents: 69)”,
“Program Error (the number of respondents: 55)”, “Limitation of Team study (the number
of respondents: 49)”, “Dizziness & Fatigue (the number of respondents: 37)”. Weaknesses
such as Lack of Detail, Low reality, difficult control, program error stems from its short
development history. It has limitations in team study. Metaverse can be applied to the
anatomy practice, but it also has limitations mostly due to “Dizziness & Fatigue” caused
by the VR program. More than 90% of the students who used the VR anatomy program for
more than one hour felt dizziness and fatigue and asked for a break. Other most frequently
mentioned weaknesses are as follows: (1) It is excessively simplified and lacks the sense of
reality in comparison to an actual cadaver. (2) It does not deliver any physical processes to
reach the structure during the anatomy practice. (3) It lacks reality as it does not present
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any unexpected variables from an actual cadaver. (4) Detailed control for site detection is
challenging. (5) Overall device and program quality needs improvement. (6) Long-term use
incurs dizziness and fatigue. Although there were opinions about the drawbacks, students
gave overall positive responses to the blended gross anatomy class, and that is reflected in
the Likert scale questions survey (Table 3, mean average score over 4 out of 5).

3.3. Improvement Points

When asked about the “improvement points for the VR-assisted anatomy practice”,
frequently mentioned points are as follows: (1) It can be used for the cadaver pre-practice,
post-practice review, and as a supplementary tool during the practice. (2) More devices can
be purchased for students to use during the practice. (3) The curriculum can be revised to
improve the use of advanced educational tools such as VR from the first year of Premed.
(4) VR programs and systems for group practice can be developed. (5) Haptic-based VR
programs functioning via tactile senses can be developed. (6) New programs that can
overcome the limitations of the current VR system and equipped with noble functions can
be developed. New functions to be considered are; Real images, quiz function, histology
data, muscle-motion relationship, fat/skin function, clinical information, more language
selection, discussion function, community, and group study. Kyung Hee University is
currently developing a program that complements the limits of the existing program and
displays both clinical images (MRI, CT, PET, etc.) and cadaver images together on VR
display. Through our advanced VR program, the quality of anatomy practice can be
significantly improved.

3.4. Formative Evaluation Result

After the blended gross anatomy class based on the traditional cadaver dissection and
virtual reality devices, the objective outcomes in terms of image-based formative evaluation
were conducted by comparing the test score of Group A (students, n = 118, class in 2020)
who trained only by cadaver dissection versus Group B (students, n = 95, class in 2021)
who trained by the blended method using cadaver dissection and VR-based training. Both
groups had similar difficulty in the test (both years had the same class hours and lab hours).
We found that Group B received higher scores (85.28 out of 100, average score) than Group
A (79.06 out of 100, average score), and this result represents that the hybrid method could
improve the academic efficiency and support the understanding of the three-dimensional
(3D) structure of the body.

4. Discussion and Limitation of the Study

The VR-assisted class cannot yet replace the actual cadaver dissection practice, but it
can improve the anatomy class by serving as a supplementary practice aid. As the cadaver
cannot be restored once damaged, practicing with the VR program is helpful to classify
the position of the anatomical structure before the actual cadaver practice. On the other
hand, as anatomy on actual human tissues can only be achieved through cadaver practice,
the VR practice and cadaver practice can complement each other. In this vein, the VR to
teach anatomy has been spotlighted as a powerful learning tool that helps to understand
the anatomical structures [37]. Recently, a pilot study of an anatomy education for medical
students in a totally virtual workspace was introduced, but it showed various limitations
such as quality of 3D models, technical issues, instrument set-up issues, and learning
efficiency [38].
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VR education has room for improvement. In our cases, we conducted a blended gross
anatomy class using cadaver dissection with VR-support, and students presented several
suggestions to advance VR anatomy education after the class. Firstly, the VR class should
be conducted independently from the cadaver practice as the cadaver practice requires a
substantial amount of time and concentration. The VR practice after the cadaver practice
is also mentally and physically challenging. Utilizing VR in anatomy class can stimulate
students’ interests and allow students to have a clearer concept on the overall human
anatomy before the actual cadaver practice. Secondly, more VR practice time and VR
devices should be provided at the school practice. As each team was allowed only one
VR device for an hour, the actual time allocated to each team member was not sufficient
to get used to the system. A more refined and intuitive user-friendly VR program can
be developed.

In this class, we used four different programs as described above. These programs
were chosen by website searches and suggestions from experts in this field (professors,
managers in companies). The 3D Organon VR has a high image quality and various tools
for anatomy practice, but it is relatively expensive and has limited compatibility for Oculus
Quest 2 (in March 2021) and contains some bugs and errors. Thus, we concluded that it was
not appropriate for this class (according to the VR experts; VR-based education major). The
second-best were Sharecare You VR and Anatomy Explorer 2020 in terms of budget and
accessibility and we believed that these two can work in a classroom environment. During
the blended gross anatomy class in the COVID-19 pandemic, students had experiences
of traditional cadaver dissection with VR-supported training, and satisfaction in most
areas was highly investigated. We understand that there are drawbacks, such as the
reproducibility of the VR program to the actual cadaver practice, but we believe they will
be overcome through program enhancements and updates. To understand the negative
opinions from questions 2-6, we have reviewed the students’ answers on the weakness
of the VR-assisted practice and concluded that the negative opinions were mainly caused
by the images of the VR program being too different from the actual cadaver used for the
gross anatomy. The actual cadavers were mostly from older age groups, but the human
body model in the VR showed an average body type of men/women in their 20s and 30s.
This discrepancy should be considered when developing a new anatomy VR program in
the future (the elderly and infants shall be included in the VR program model).

Students suggested ideas for the anatomy program as follows, and it is a good starting
point for future implementation based on evidence-based education: pictures of the actual
cadaver, scalpel function for the actual sense of cutting, quizzes, histological content, depic-
tion of fat and skin to add reality, additional disease states, and additional physiological
contents. As the current VR technology allows single-person practice only, integrating VR
education with technology such as the Metaverse that enables group work and simultane-
ous access for several devices will take VR education into the next level and might replace
cadaver practice in the future. In addition, the development of a new program that allows
one to show the actual clinical images and cadaver images alongside the VR image could
be a watershed moment that can greatly contribute to the anatomy practice class.

This thesis is based on short-term anatomical classes, which has led to a lack of depth
in terms of reflective research. The study can be improved if the series of classes is observed
for as long as 6 months to see the incremental learning outcomes of the students, therefore
gaining more quantitative and qualitative data from these experiments. Additionally, more
devices per group can be provided with an advanced software program for future practice.
Proper guidance by a VR expert and professors during the class can also facilitate the
students’ learning capabilities. Students need access to the VR devices outside of the class
time to develop the technical dexterity to fully focus on the practical applications.
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5. Conclusions

In this paper, the preparation (device, program, laptop, other set-ups) and imple-
mentation process of the blended gross anatomy class introducing VR, its strengths and
weaknesses, and improvement points were systematically presented in the context of
the Fourth Industrial Revolution and the COVID-19 pandemic. The class introduced VR
to the existing gross anatomy lecture, and the state-of-the-art VR anatomy devices and
programs were employed for the traditional cadaver dissection. Our report specifies the VR-
introduced blended lecture concept to the traditional cadaver dissection and analysis, the
results of strengths and weaknesses of VR introduction, satisfaction score of students, and
VR development plans. After the blended gross anatomy class, we surveyed (10 questions)
the convenience of VR set-up, quality of the VR program, and class satisfaction for the stu-
dents, and most of the questions were high scores (over 4.0 out of 5 (Likert scale question).
Through this lecture, we were able to derive many elements (strong points, drawbacks,
future plans), and we believed that the VR-introduced blended gross anatomy class could
be used as a powerful tool for anatomy education with a significant educational effect.
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