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[Abstract]

Recent advancements in metaverse technology have significantly expanded its potential in education, but research on specific
learning space design remains limited. This study examines design elements for metaverse-based problem-based learning (PBL), a
key learner-centered approach. A literature review of domestic studies identified the following elements: Pre-Work Training,
Virtual Problem Presentation, Collaborative Design, Digital Tool Application, Evaluation and Reflection, Problem Reassessment
and Solution Refinement, Presentation and Peer Review, Navigation and Interaction, and Learner-Centered Tools and Spaces.
These findings provide valuable guidelines for educators and edtech companies seeking to implement learner-centered education in
the metaverse.
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Table 1. Metaverse learning space design elements

Deesialn Description Reference
Elements
Collaborative | An interactive environment that
. Park & Lee
Learning support team—based problem
. (2023)
Space solving
Information | Functions that allow easy search
Retrieval and access to information needed Ryu (2002)
Tools for problem—solving
Virtual Spacg for perforr_nmg actual Cho (2021)
Laboratory | experiments or simulations
) An intuitive interface that makes
User—Friendly N I
navigating and utilizing the Jo (2021)
Interface .
metaverse environment easy
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Definition of » Definition of research questions
Research Questions » Establishment of literature selection
and Criteria criteria
N
Lo | e Development of literature search
Collecti strategy
GliSEel e Collection of literature
N
,,,,,,,,,,,,, » Screening of collected literature based
Literature on selection criteria

Screening e Verification of consistency in selection
criteria among researchers

N4

» Data extraction

LEfE) SrRHien | ey * Data analysis based on analytic

and Analysis

elements
N
Derivation of | . » Derivation of results
Analysis Results e Preparation of the results report
N
,,,,,,,,,,,,, » Inter-researcher discussion and review
Researcher at each stage

Discussion e Resolution of disagreements and final
decision-making

I 1. AT it
Fig. 1. Research process
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Table 2. Expert validity review of the literature review

Evaluation Expert
Criteria 1 2 3

CVI Expert Feedback

Evaluated as highly
5 4 4 11.00 |relevant with no major
issues

Relevance to the
Topic

Suggestion to enhance
the explanation of
methodology for certain

Appropriateness

of Methodology 4 5 3 |0.67

studies
cary Pt erprtaion s
Results 3| 4| 4067 y \

studies require further

Interpretation clarification

Consistency Consistently aligned with
with Research 5 5 4 | 1.00 | the overall research
Objectives objectives
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Table 3. Analysis framework for data

Analysis _

Criteria Description and Examples
Evaluates PBL activities

Instructional |e.g., problem presentation, planning, data

Activities search and analysis, solution derivation,
evaluation and reflection
Assesses spaces for PBL activities

Learning e.g., collaborative learning spaces, data search

Space Types |spaces, practical spaces, presentation and

evaluation spaces

Evaluates technologies supporting PBL
e.g., information search tools, collaboration
tools, simulation tools, user—friendly interfaces

Technological
Elements
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Table 4. Expert validity review of the data analysis

framework
; Expert
Analygls CVI Reference
Criteria 1 2| 3
Instructional Suggestion to enhance
. 4 5 3 | 0.67 | clarity in each phase of the
Activities o
activities
Learning Recommendation to provide
5 5 4 11.00 o
Space Types specific examples
) Evaluated as appropriate
Technological 5 3 4 | 0.67 | and aligned with research
Elements o
objectives
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Stage Instructional activities

Learning activities

Sources

Pre-Work Training contents for pre—work training

Developing 3D virtual reality educational

Exploring detailed virtual reality
workspaces and components to increase
pre—work training effectiveness

Kwon & Kim (2020)

Virtual Problem Using VR or AR tools to present problems Experiencing the problem in a virtual

Presentation in a simulated environment

environment and analyzing key elements

Heo (2022); Kang, Park,
Kim, & Son (2022); Kwon
& Kim (2020); Lee (2022)

Collaborative Design ) .
for creative problem—solving

Designing educational strategies using VR

Engaging in collaborative design activities
to enhance creativity and problem—-solving
skills

Han & Lee (2020)

Digital Tool Application PBL for innovative problem-solving

Implementing digital tools and methods in

Experimenting with new digital tools and
methods to enhance problem—solving and
learning outcomes

Lee (2022)

Planning and Data Search Planning the project scope and

conducting data search using digital tools

Collaborative planning sessions in virtual
spaces, using online databases and
search engines to gather relevant data

Heo (2022); Lee (2022);
Lee (2022)

Data Analysis and Using metaverse platforms for data

Solution Derivation ; )
simulations

Analyzing data collaboratively in a virtual

analysis and deriving solutions through lab, running simulations to test

hypotheses

Heo (2022); Kwak & Kim
(2022); Lee (2022)

) Implementing derived solutions in a
Implementation of

Solutions
metaverse

Practical application of solutions in virtual

simulated or real-world scenario within the | environments, role—playing, and real-time

feedback

Kang, Park, Kim, & Son
(2022); Kwon & Kim
(2020); Won, Lim, Lee,
Shim, & Lee (2022)

Evaluation and Reflection ;
using metaverse tools

Presenting solutions and evaluating results | Reflective sessions, peer evaluations, and

iterative feedback in virtual classrooms

Heo (2022); Lee (2022);

Problem Reassessment | Reevaluating the problem and refining the

and Final Solution solutions based on feedback

Continuous improvement and finalization
of the project, incorporating feedback and
new data

Kim & Kang (2013)

Presentation and Peer Using digital platforms to present the final | Engaging in peer reviews and discussions

Review solution to peers and instructors

to validate and critique the final solutions

Park (2022)
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Table 6. Metaverse space elements and technologies
Learning space Description Required technologies Sources
N A space providing 3D virtual reality educational content to 3D virtual .reality software, Kim & Han
Pre—Work Training fam!llarlze Iearners with the mgtaverse environment. educational content (2022)
E.g., learning experimental methods in a virtually constructed lab platform
Virtual Problem A space using VR or AR techno!ogies to present problems in a VR headsets, AR devices, Kwon & Kim
Presentation virtual environment. immersive displays (2020)

E.g.,

learning earthquake response methods in a VR environment

Collaborative Design problem—solving.

A space for collaborative activities using VR for creative

VR collaboration tools,

online collaboration Chang & Chang

E.g., conducting team projects in a virtual meeting room software (2021)
Digital Tool A space for experimenting W|th anq applying vanoug digital tools Digital tool platforms, Yang & Ryu
" and platforms for innovative problem—solving. : ;
Application o ) X - i simulation software (2021)
E.g., practicing problem—solving using simulation software
A space for presenting solutions and receiving evaluations and )
. . : Presentation tools,
Evaluation and feedback through reflection sessions. Song
) ) . . . . feedback systems,
Reflection E.g., project presentations and feedback sessions in a virtual . (2022)
virtual classroom software
classroom
Problem A space for reassessing problems and refining solutions based on Data analysis tools,

Reassessment and

feedback, continuously improving projects.

feedback integration Shin, Kim & Jeong

Solution Refinement E.g., refining solutions based on data analysis results systems (2022)
A space for presenting final solutions to peers and instructors, Presentation platforms
Presentation and Peer engaging in peer review and discussions to develop critical ; on p ’ Han & Won
. o discussion forums,
Review thinking. . (2022)
. ) . . peer review software
E.g., final presentations and peer review sessions
Considering the flow and movement paths of learners in the
Navigation and metaverse space to facilitate smooth movement and interaction. Virtual navigation tools, Kwon & Kim
Interaction E.g., virtual pathways and interaction nodes for seamless interaction platforms (2020)
transitions between learning spaces
Learmner—Centered Providing spaces and tools that support learner autonomy. Eg Problem exploration tools, Han & Won
tools that allow learners to explore problems and seek solutions
Tools and Spaces resource access platforms (2022)

independently, with access to all necessary resources
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Table 7. Design principles for PBL in metaverse

[l)esllgn Description and Examples Sources
Principles
Integ(atlng advanqed technologle; to Lee & Kim
provide rich and interactive learning .
Technology . . X (2022);
) experiences. Examples: Incorporating
Integration ; . ; Park et al.
Al, VR, and simulation tools into the
. (2020)
learning process.
Providing tools and resources to
support autonomous learning.
Learner— Examples: Problem exploration tools | Kim & Park
centered like data analysis software, simulation (2020);
Tools and programs, online research materials. | Yoon et al.
Resources | Resource access platforms like digital (2022)
libraries, online learning materials,
virtual labs.
Creating environments that enhance | Choi & Kim
Immersive | immersion and realism using VR/AR. (2020);
Environment Examples: Simulating real-world Lee et al.
scenarios in VR for problem—solving. (2021)

. Demgmng spaces that can be easﬂy Kim & Park
Flexible reconfigured to meet various learning (2020):
Learning activities and needs. Examples: ’

) : Yoon et al.
Spaces Modular virtual spaces supporting
I, (2022)
individual or group work.
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