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[Abstract]

This study proposes an LLM-assisted iterative topic modeling framework that integrates
multi-dimensional metadata structuring, multi-model consolidation, and human-in-the-loop validation.
Research subjects, fields, and methods were extracted from academic documents, and LDA and BERTopic
were applied in parallel to construct an initial topic set aligned with prior topic structures. The topic
system was refined through selective cross-validation with heterogeneous LLMSs, progressive sampling, and
expert review. The finalized topic set was applied to the full corpus for distribution and trend analysis.
The results show that metaverse education research has expanded around stable core themes rather than
abrupt paradigm shifts. This study reconceptualizes topic modeling as an iterative process of semantic

convergence and offers a structured empirical classification of metaverse education research.

» Key words: Topic Modeling, Large Language Models, Metadata Structuring, Multi-Model Integration,
Metaverse Education
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Metaverse Education Topic Modeling: A Review
of Prior Studies
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Table 1. A Summary of Prior Studies - Metaverse Education Topic Modeling
Author Search Terms BEiE Co.llectlon Al Ngmber Databases
Period of Articles
. (Metaverse, Virtual World, Virtual Reality) + .
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) Class, School, Student, Learning)
Han & Kim (Metaverse, Virtual World, etc.) + "
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(2Kg|;n3) (Virtual Reality, VR) + (Learning, Education) 2013~2022 1,986 Web of Science
Ozyurt and (augmented reality) + (education, teaching, 5
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Kim & (virtual reality, augmented reality, mixed
Im(2022) reality, extended reality, metaverse) + 1992~2022 6,755 Web of Science
(education, training, learning etc.)
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1.2 LLM-Enhanced Topic Modeling - A Novel
Topic Modeling Approach
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III. The Proposed Scheme
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1. Data Collection and Preprocessing
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Table 2. Dataset Schema and Column Definitions
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Category Name Description
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Title .
paper or thesis
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Bibliographic Publication Year of publication for
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Abstract Standard.lzed abstract
text in Korean
Research Categorized target groups
Subject (e.g., Learners, Teachers)
Structured Research Applied educational
Metadata Field domains or technologies
LLM Research Primary methodology
Extraction Method used in the research
GPT-5.2
( ) Evidence Key phrases from the
abstract used as
Phrases A )
classification basis

S92 595H0] ZAEIQ00], KCIoAE: 844] &8
494%0] 279E|9Ic}. olo] uje} £7] YRR L & 2.266W
o2 E9ct. RISS Al2 ol 7]t 323 /e
2gstol 2sIHOM, 2N A HolAleh A Holx]
of M| Jug PEasto] Pelstoit. KCI LRt AA]
A QU] 7153 B8ol] EESE FAo2 553
ok shax] =Ro| 49 HS, AL wYAE, sha,

£ 982 AAsIGoN, el A9 A
Sty o9 PRA/HANG BYS
fol £ dojeloz W
clolepiol cieliE Cie Axeie

ol

e
o |
)
EO

> o8
Bt
[eh4

52
T
i)

o o2 X

o
<k
>4,
0

o
rln
b
rO
fujo
ol

2

ol

/.

X

)
;

I o

ol
1= mlo
>
o
gh
8,
£
re
>,
=,
4
i
P~
Ao
Pa)
ﬁ)‘_ld
o,
e
T
o o

PR b o
EN
e

32 rif
- 0
Ja I
o £ Ao
> Pa)
> fju
- >~
o =
M
<3

N
Q.

o ofn
ne -ll
ol MM
o 2
fo ™
op L2
g =
El
T
lo 9,
=1

r
b
% =
ol
ok —
o
K%
e
il
=
g 1
oo P N hu |

],
soick. AU, AIB0) “OlE A", “Metaverse”, by
A" 5 oletel s Bl Aot A4 skt ol ZgHol
of 3tk B4 M Er A2 "5,

“learning”, “teaching” & -5 A sHAo|7} R4 3}

>
1
i)
oo
ox,
o

=,

CZPAT
1 ya >

Lt o) ZE|ofof gt o] & & %
© =32 A oA Alstit o] S AN &
= v FA #Rdo] W2 23S Al 2t 1A}
v O 1293822 =it o] HAE ojo]y



LLM-Assisted Iterative Topic Modeling with Multi-dimensional Metadata
and Human-in-the-Loop Validation: A Case Study of Metaverse Education 103

of Nzl e ush] ste] £=o] ABHA gL 2
1198S 2712 Aesiaa, A% B4 e 11 ﬁLL
2 galich. £20] dolz ATH %9
AFgstgon], Shaolet 4B £2o0| 3

L o] 2202 2T YT A0 ATH B
ol Tl Z]3t AbE WY £7.2 28alo] gHaol2 W
o33t & 2o EEsieict. ol E5) AR 2mAc)
ofF UYL GBI, HFHOR AYY B A

=2 0°m
olo} 22 Flole} 44 % AR WL Fig 10] 24
=2 At
Data Collection Phase (Nov 2025)
|
v v
RISS Database (No year limit) KCI Database (No year limit)
Academic Papers & Theses Academic Papers
v v
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v
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.
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v

Language Standardization
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Fig. 1. Data Collection and Preprocessing Flow
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Table 5. Results of LDA

No. Topic Keywords
Teacher, Arts, Culture, Class/Instruction, Case
1 Study, Development, Design, Student, Program,
School
Literature, Design, Case Study, Development,
2 Learning, System, Class/Instruction, English,

Language, University/College
Society, Digital, Children, Culture, Interview,
3 Inclusion, Safety Education, FGI (Focus Group
Interview), Qualitative Research
Survey, Adult, Participant, User, General Public,
Digital, System, Service, Avatar, Structure
Effectiveness, Verification, Experiment, Survey,
5 Student, Elementary School, Learning, Group,
Test, Post-test
User, Experience, Expert, Participant, Learning,

1 System, Immersion/Presence, Interview,
Evaluation
Vocational, Training, Subject/Target, Special
7 Education, Disability, Student, Media,

Performance, Development, Setting

Table 6. Results of BERTopic

No. Representative Topic Keywords
Analysis, Virtual Reality, Design, VR,

1 Development, Learning, Platform,
Class/Instruction, Learner, Case Study
Teacher, Learning, Platform, Effectiveness,
2 Survey, Verification, Virtual Reality, Learner,
Class/Instruction
User, Vocational, Participant, Training, Adult,
Platform, Analysis, General Public, System

Literature, Analysis, Virtual Reality, Case Study,
4 VR, Platform, Review, Reflection, Digital,
Culture, Concept

Christianity, Religion, Literature, Church,
5 Concept, Review/Reflection, Theory, Generation,
Worship, Virtual Reality

Design, Language, English, Class/Instruction,
6 Platform, Learning, Model, Development, Case
Study, Learner

Nursing, Verification, Effectiveness, Post-test,
College Student, University, Control Group, Test,

Experiment
-8 2 3 2204 AMAlRY & 7IEe W, &
AE VIS AAE A B BT THEYA Ug F
AE L A2E AR, e te - Algold wH
Exe "wiolz P Ajg 19708, Pl AY 71 £
B BT "S4g Y AYIlE FU0R el

Topic 1?_1 DeSign of Metaverse
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Aro] Eglo g2 9X|5tct. Topic 391 “User Experience
(UX) and Immersion-Based Learning Research”=
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Subject-Specific
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Research”=
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Table 7. Initially Integrated Topic Set Derived from LDA, BERTopic, and Prior Topic Modeling Studies

No Topic Name Representative Keywords

Model Basis (LDA &
BERTopic)

Related Prior Topic Modeling
Studies (Authors & Topics)

Metaverse, Platform,
System, Design,
Development, Virtual
Reality, VR, Environment

Design of Metaverse
1 Educational Platforms
and Systems

LDA-2 (Design/System):
BERTopic-1 (VR/Design),
6 (Design/Platform)

Han & Kim (2023) Topics 1, 2,

4 (Space/Class/Content Dev);

Kim & Im (2022) Topics 1, 4
(Platform/VR)

Verification of Effectiveness, Verification,

Educational Experiment, Survey, Pre-
2 Effectiveness and and Post-test,
Learning Outcome Examination, Learning
Research Outcomes, Group

LDA-5
(Effectiveness/Verification):
BERTopic-2
(Effectiveness/Survey),

7 (Verification/Experiment)

Kim & Im (2022) Topic 6
(Effects): Kim So-hee (2023)
Topic 4 (Learning Effects)

User, Experience,
Immersion, Participant,
Survey, Perception,
Presence

User Experience (UX)
3 and Immersion-Based
Learning Research

LDA-6 (User/Experience).
BERTopic-3
(User/Participant)

Ozyurt and Ozyurt (2025)
Topic 4 (Learning
Experience); Kim So-hee
(2023) Topic 5
(Immersive/Engagement)

Class/Instruction, School,
Elementary, Learning,

Application of
School-Based and

LDA-1 (Teacher/Class)

Lim et al. (2022) Topic 6
(School Class); Han & Kim
(2023) Topics 2, 5

Training Engineering, Technology,

Autism

(Vocational/Training)

4 Subject-Specific Science, Language, Arts, SEEIZS:E:E ((Ealisgyslj;ges/rgllgsgs)i (Subject/Elementary); Kim
Instruction Curriculum So-hee (2023) Topic 1 (School
VR Utilization)
Ozyurt and Ozyurt (2025)
Nursing, Medical, Topics 2, 7, 8
Health-Medical and Rehabilitation, Patient, BERTopic-7 (Medical/Surgical/Rehab):
5 Rehabilitation Practice/Practicum, (Nursing/Verification) Kim & Im (2022) Topics 2, 3
Education Simulation, Surgical, (Rehab/Medical Ed); Lim et al.
Training (2022) Topic 2 (Rehab
Training)
Disability, Special Ozyurt (2025) Topic 9 (ASD);
Special Education and | Education, Vocation, Job LDA-7 (Vocational/Training): Lim et al. (2022) Topic 3
6 Vocational/Technical Task, Training, BERTopic-3 (Disability/Vocational Ed):

Kim So-hee (2023) Topic 3
(Technical Training)

Socio—Cultural
7 Contexts and Digital
Inclusion

Society, Digital, Inclusion,
Religion, Christianity,
Elderly, Children, Welfare

LDA-3 (Society/Digital):
BERTopic-4
(Culture/Concept),
BERTopic-5 (Religion)

Han & Kim (2023) Topic 3
(Welfare/Religion); Ozyurt
(2025) Topic 1 (Cultural

Heritage); Kim So-hee (2023)
Topic 2 (Social Context)

3. Cross-Validation Results of the Initial Topic
Set Using Heterogeneous LLMs
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Table 8. Results of Topic Distribution

No. of

Rati
Papers atio

Topic Name

Application of School-Based and

0,
Subject-Specific Instruction 315 28.00%

Verification of Educational

Effectiveness and Learning 247 22.00%
Outcome Research
Theoretical, Conceptual, and Policy 139 12.40%

Research on Metaverse Education

Design of Metaverse Educational

0,
Platforms and Systems 135 12.00%

User Experience (UX) and

Immersion-Based Learning 93 8.30%
Research
Special Education and o
Vocational/Technical Training 74 6.60%
Socio-Cultural Cont.exts and Digital 57 5.10%
Inclusion
Analysis of Research Trends and
Knowledge Structure in Metaverse 35 3.00%
Education
Health-Medical anq Rehabilitation 29 2 60%
Education
1,124 100
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