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[Abstract]

This study aims to propose a strategy for optimizing medical device clinical trial education by
utilizing metaverse technology. Medical device clinical trials require precise and systematic training to
ensure patient safety and the effective execution of procedures. Traditional physical education
environments have faced qualitative and quantitative limitations due to high costs and restricted
accessibility. Consequently, virtual educational environments leveraging metaverse technology have
emerged as an alternative, offering immersive learning experiences that save time and reduce costs
while providing more efficient training methods. In this study, a metaverse-based education system was
specifically designed and implemented, enabling learners to repeatedly practice medical device usage in
a virtual environment. The results show that metaverse-based education improved learner engagement by
25% and contributed to a 30% reduction in training costs. Moreover, a satisfaction survey conducted
with 246 participants revealed high ratings for the utility of educational content (4.4/5), learning support
effectiveness (4.5/5), and hands-on training experience satisfaction (4.6/5). These findings demonstrate
that metaverse technology goes beyond being a mere substitute for traditional educational methods,
significantly contributing to improvements in the quality of education and learning outcomes. This study
is expected to contribute to verifying the long-term effects of metaverse-based educational environments

and proposing specific applications for various medical fields.
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I. Introduction
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Table 1. Key Institutions in South Korea Adopting
Metaverse Technology

Institution Key Focus Area Initiative Description
Seoul Implementation of
National Medical Training P .
. ) . . VR-based surgical
University and Simulation L.
. training modules
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Asan Clinical Trials Use of .AR for.
) . enhancing device
Medical and Device . .
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Center Training :
trial accuracy
Healthcare .Support.for projects
KHIDI . integrating metaverse
Innovation . . .
in clinical trials
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1.2 Implementing Metaverse Technology
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Table 2. Essential Technological Components for

Metaverse Implementation

Role in Clinical
. | f
Technology Trials Examples of Use
imulat .
. Simulates VR-based surgical
Virtual real-world . . .
. . simulations, device
Reality (VR) | medical . .
. handling training
environments
Enhances
real-world AR for real-time
Augmented . ) ) .
Reality (AR) environments guidance during device
y with digital operation and trials
overlays
p li . .
e ersonalizes Al-driven adaptive
Artificial learning .
. . learning modules
Intelligence experiences and . .
. tailored to individual
(AI) adapts training
needs
content

1.3 Case Study
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Fig. 1. VR and AR Educational Images

1.4 Regulatory and Ethical Considerations
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Table 3. Regulatory and Ethical Challenges in

Metaverse Implementation

Challenge Description
Regulatory Adherence to national and international
Compliance | standards for VR/AR in healthcare
E - —
formed ; nsgrlng partlupar.\t.s un.der.stand the
implications of training in virtual
Consent .
environments
Data Privacy | Protecting sensitive data within the
and Security | metaverse environment

1.5 Challenges and Future Directions
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III. The Importance of User Immersion
and Engagement

1. Importance of User Immersion and Engagement
1 wﬂoﬂm L%ﬂ £ g e 2
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Strategies for Enhancing User Immersion

and Engagement
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Table 4. Strategies for Enhancing User Immersion
and Engagement

Description

Adding elements such as points,
leaderboards, and reward systems to
enhance learner  motivation and
engagement.

Providing learners with instant feedback
Real-time Feedback | on their performance to help them
improve and stay engaged.
Encouraging  collaboration  through
avatars for group learning or real-time

Strategy

Gamification

Enhancing Social

Interaction interactions with instructors to increase
immersion.
Using AI to tailor learning paths to
) .| individual learner levels and
Personalized Learning . .
preferences, thereby improving

participation and engagement.

3. The Impact of Immersion and Engagement
on Educational Effectiveness
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IV. The Proposed Scheme

1. Establishment of clinical trial education platform
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Table 5. Types of Data in the Clinical Trial Education
Platform

Fig. 3. Physically Based Rendering (PBR) Application
Example Screen

ojojl {3},

AT 4

g 2ol e 71 A B Holl AR
Clsto] 2o]

bS]
S

]_
=gt AL8A A A3l B

LOD 400: 500
Polygons

LOD 200: 300
Polygons

LOD 0: 100
Polygons

Fig. 4. Level of detail (LOD) example screen
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@ Scenario-based | (Function Code) Mission-based quizzes XR A3S Al&& 4 9100, Fig 52F Zo] VR dEAl, A
Event C#, JavaScript ar.ld. Interactive _events -
within_the content OLEE, B}23 SOl gRIIA ol & Thsalct,
® Sound *wav, *mp3 Sound. effects,
narration, etc.

Fig. 5. Clinical trial education platform VR/Mobile app screen

WebXR-based CRO Usability Training Content

Usability
Tnmulg Virtual

3D Observer
Guide Feature

WebXR 3D User Learning
Implementation with Feedback

USER 2

MAMAGER 1 ORGANIZATION
RAAMNAGER 1 £

Fig. 2. Structural diagram of clinical trial education platform
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2. Clinical Trial Training Content
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Fig. 6. Example of developed end—of-the—line content
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Table 6. Essential Components of Practical Training
Content

Component Description

Digital virtualization of real medical
devices and training environments,
including  various elements like
Transform and Position

@D WebXR
(VR-Mobile) Base
Virtualization

3D avatars, medical devices, and virtual
space data are optimized for the WebXR
environment, allowing efficient
resource management

@ Metaverse
Education
Content

Introduces the necessity and process of
the education, as well as required
documents, through a 3D guide in the
virtual space

® Preliminary
Course
Introduction

In the 3D virtual space, users interact
with 3D objects and 2D panels to
directly perform actions and receive
feedback-centered training

@ Interaction-based
Education
Content

A feedback survey after training is
completed in the virtual environment,
with data collected and managed for

® Survey after
Content
Completion

statistical analysis

oleigt A4y EHXAN UK w3 AP
#s17] 9130 ofuler Fat A M} ALgAL 247 7}
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Fig. 7. Examples of avatars used in content

Let's select a treatment parameter pattern. Please find
the square pattern with pressing the selection button

Fig. 8. Screen of theoretical training with avatar instructor
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Example of a fixed 2D information panel

Example of a movable 3D |nformat|0n panel

Fig. 9. 3D Information Panel and 2D Information Panel
Case in Virtual Space
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Please adju

Manipulating information panels in content

Fig. 10. Examples of objects / manipulations with interactive
3D panels

3. The differences between this study and
previous studies
3.1 Provides cross-platform based user experience
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3.2 Optimization of Entity and Information Display
in Virtual Spaces
3R PPN M
s AR AR BA 2R RaPsto] FuEQl TMY I
S A % 29l et A7E APAL, TS 5
71| 34 Al Fig 117} o] mgtst ok,
@ A BroadcastersS o83l 7HE7HVR, Mobile,
PC) U} ARgAIe) 391 ARt 1914 A1) AFR2-e
Aerg 7t st

e a

W89 2YEE £o)|

@ 3D 22 sl JHHEYlo] AR S BAY O [
4 FAl0® 'FAo] 9Jx]'o] 3xHY Assetat 2D
sl 2o Aleg Ao RN G @8 A

ego] 7kl st

% Hall 7PB 3ol AR S BAI'E
AARE | ASEE ol SRRt oAt

o, SRRt HuSALS 9

el J|Z02 oFo] ZE(ulTH

7=0) o= 7 A ‘ﬂ% Z7}sh= "pal o 2 xIsgsteirt,

L] L —]
aa | V
Educator Educator
x1, y2)° <1, y2)
1\ LX) =~y -
T T am
- Trainee
- - x4, y4)
-cam st -

Trainee

32, y3) Trainee

(3, y3)

Trainee
(x2, y2)

3 Users On 4 Users On

Fig. 11. Individual and information augmentation methods
when accessing educators and educators

{x0.y0)

- o
Trainee

N Users on
Fig. 12. Optimization method for augmentation of objects

and information when accessing n people

Fig 123} 20| B43 AH8APE 5718 %90l 7

9) olafef 2ol MASIALY. F4 WA -1 wgA} ofu}

AN=
&t



Utilizing Metaverse Technology for Optimization of Medical Device Clinical Trial Education 137

02 3 YY) WHE ()2 AR 255

T (A12)9} 2ol Y4 weAHTLGAL ofulete] &
51 12]7k0 2 Qo
olzhoz Algio] ast 3D JjHet 2D

rr
o
3
odh
15
o
)
opt T
o2
o)
|
il
>

N-1

1
Cy" G_A z (xl' xul) (x'y”.l- x”.lyl)

i=0
N-1
1
" 6A 2 (i * Yier) X Yier X Yy
i=0

(Cx. Cy) 7Vd530ol 42t musAtet waAte] YRS AR

she ool RAE NSl AE

A BSAYA] WAt 3D A 2D F
2 B2 Hg A9, W) 242 249l A A

A

WS ZEEY] I YR A AARE 2]A]3HReal -time

o
o]
=
S,
N
QD
=3
o
2
o
cE
rlo
El
Ho
>
-
|
Bl
Ho
>
D)
o
=
o
N
)
o
2
ol
ol
l‘ll’

1 3
SHoIA) e A0 Mg AlKjat ol
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4.2 Medical Device Interaction Data Connection
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V. Results Analysis
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Table 7. Metaverse Education Content Survey Results

A
Category verage Score

(Out of b5)

1-1. Was the content of the educational

) 4.4
material useful?
1-2. Did the metaverse platform help with 45
learning? )
1-3. Was the duration of the educational 44
content appropriate? )
1-4. Do you think the content was suitable 45
for the level of the participants? '
1-5. Were the objectives and curriculum 45

of the educational content well aligned?

2-1. Was the delivery of the educational
content via VR devices appropriate for the 45
subject matter?

2-2. Did the educational content delivered
via VR devices provide visual and auditory 45
stimulation effectively?

3-1. Were the facilities and environment

) 4.6
generally satisfactory?

3-2. Do you think the exhibition provided 46

a valuable experiential opportunity?
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