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Existing virtual reality (VR) history museum content offers limited interaction with historical figures and events, restricting
immersive user experience. This study addresses this limitation by developing VR history museum content featuring motion
capture-based virtual avatars that enable interaction with historical figures. The core objective is to allow users to experience
historical events and figures through highly immersive and engaging interactions. We present the development process using an
optical motion capture system and Meta Quest 3 head-mounted display (HMD) in Unity. Based on this, we create immersive
content centered on the ‘“Declaration of Independence,” realistically depicting related figures and events at the historical site
“Boseongsa.” A survey experiment with 14 participants evaluated the realism, usefulness, and overall experience of the content
using PQ, USE, and GEQ. Most participants showed a positive response in understanding new historical figures and events. This
study is based on a small-scale survey; therefore, larger and more diverse participant groups must be investigated in future, along
with comparative experiments and validation of learning effects.
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Fig. 1. Construction of the development environment using
Unity-based Meta XR All-in-One SDK building blocks;
(a) building blocks, (b) example of the production
process
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Table 1. Historical planning elements of the proposed content.

Iltems Features

Historical materials Declaration of Independence of Korea

Historical figure Lee Jong-il

Historical site Boseongsa Press

Historical background March 1st Movement
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Table 2. Details of content composition by scene
ltems | Scenes Contents
1 Introduce the importance and significance of
the Declaration of Independence.
Introduce the historical events related to the
2 printing of the Declaration of Independence in
o Boseongsa.
Objective — - -
3 Introduce the historical events in the delivery
process of the Declaration of Independence.
Introduce the comprehensive contents of the
4 March 1st Movement and the Declaration of
Independence.
1 Watching video
Object manipulation using a controller.
2 Voice conversation with a motion
User capture—based virtual avatar.
Action Handcart manipulation using a controller.
3 Declaration of Independence object
manipulation.
4 Watching video
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“Explanations and guides within the content are produced in
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Fig. 3. Video results generated by setting up a virtual
scenario using generative Al[34]
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Fig. 4. The process of creating 3D virtual characters from real
historical figure[31]-[33]
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“Explanations and guides within the content are produced in Korean.
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Fig. 5. Main scenes of the result of producing virtual reality history museum content using the proposed motion capture (From
left to bottom right: introduction to the significance of the Declaration of Independence, historical events related to the
printing of the Declaration at Boseongsa, events during the process of delivery the Declaration of Independence, and an

ending scene related to the March 1st Movement)
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= &(realism,
self-evaluation of performance, sounds)[27]
Table 3. Presence survey questions using PQ by items
(realism, self-evaluation of performance, sounds)[27]

ltems Questions

How natural did your interactions with the
environment seem?

How much did the visual aspects of the
environment involve you?

How natural was the mechanism which
controlled movement through the environment?

How compelling was your sense of objects

Realism moving through space?

How much did your experiences in the virtual
environment seem consistent with your real
world experiences?

How compelling was your sense of moving
around inside the virtual environment?

How involved were you in the virtual environment
experience?

How quickly did you adjust to the virtual
environment experience?

Self-evaluation

of performance How proficient in moving and interacting with the

virtual environment did you feel at the end of the
experience?

How much did the auditory aspects of the
environment involve you?

I 4. M| okoh= TS Al AL BEE R ZEIX 9|
Table 4. Results of the presence analysis of the proposed
virtual reality history museum content

sz 24 2

ltems Score (Mean(SD))
Realism 6.745(0.318)
Self-evaluation of performance 6.500(0.650)
Sounds 6.857(0.252)
4-3 984 Wt

T WA=
A 7
Zog
Fel =7} AR AAIE AFA, Q& )
ek ol AHA O R Ego] BE=A], o
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A3}7] 9l8ke] USE(Usefulness, Satisfaction, Ease of
Use)[28] A& &gsitt. USE 471%] &5 7kt
Usefulness, Ease of Use, 18|31 Satisfaction @52 &
s dEsialon, 74 HAE(1~7)E Skl Azt 2

o
= r

o

M

Sounds How well could you identify sounds? Rl=7} ARAL Al Sd el st Ak AR, A=
How well could you localize sounds? o aMH R Aistal FoiXl A5S sl d A
Ao mfo] HAEAE 54317 g Usefulness &5
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= Sehnol Afe] Fealth AGE A oAl we B 3AS wE AAAel 24 3go] Sluit AwAol
P ZE=7h Aeht S ot WAde BT fASPI FABEAE S50 99 Ease of Use §2, 13 24
RS AL AASHEA S5 A% Realism FE3+ = Aol B ARH wEE 24g 2Hoz she
WAL A7 Ueld B3 A1A ZI 71 opleele]  Satisfaction @0 Aelsle] BEIAAT. T b AR
BEAEE Sl Folxl AE(EADS drhvt & gt AHEE =8-S AR Zlolth
a2 wEAE FA37] 18k Self-evaluation of X 62 8700l #et 371K &l digt A A9E A
performance %53 ARESISITE 1E]aL, AlxE FRlZE= gk Blojtt. o] AA], HEHARl A Ayt Ht A o= 6.5
w78 WS Sl olopr]e] E5-S AHstal Q7] kel ool FAA WS Hel o= FriEict Frl=9)
74 9 47F ES13E A0 duhy TlEiEA SA4TS vt REEHE &8dto] AAE L 71 B
SR Sounds F5-5 S8 1 32 Aol ARSE FaskaL, AgE Al 2AAE &7 waelE g &
& A3 Aotk HA 5 e AE oo B deAES FH= AR
F 4v AT A9E A Aow A s 9, 1 A TR WA o w ARl Shgetar JdstA sk3itt o
2L 54 el #eF AFo] 6.5 o] TAFAR] RS 3 S 8l FR=vF M= ot 22k 2o
w3l o JrhE At 53, ZF Aol ddstE s At & olopr|9] S5 Bl U AFd Wl HA =
A aps 4Re 4 slae Adell Edeke RS0 stk oleld Al s Bo] THl2st R olopls
Sounds #BolAe Aol FAHOZ AgIIYS ow  ANHOR NS, AR PE FEAES Hu 45}
BASIT R, A gAE AR A ow A8 A SYsHE ol AHoR ReS FAw, 1 A% E 63 P
So}h FAAL FU ose] AFeE BAol ¥ B & YA 3PS AT FsAol drka pasig. =
9e TNk ARRES Pk H Fashl A8Hdh W £ A7 BEAA B AEBUE skl FEAE
2913} o} sale) RIS TEel] AES Aode & S wWao] A%F 24 Aol FR3| NEs= Y
2 AR Fe BE T A AN IPS E 5 AT L ATT S US A0 WA
% 5 ek
2419 http://www.dcs.or.kr



C|X " 2El X &t5[=&X|(J. DCS) Vol. 27, No. 9, pp. 2413-2424, Sep. 2026

E 5. USEE &85t g=4H 734 ME 28 (Usefulness,
Ease of Use, Satisfaction)[28]
Table 5. Usability survey questions using USE by items
(Usefulness, Ease of Use, Satisfaction)[28]

Iltems Questions

It helps me be more effective.

It helps me be more productive.

It is useful.

It gives me more control over the activities in my
life.

It makes the things | want to accomplish easier to
get done.

It saves me time when | use it.

It meets my needs.

It does everything | would expect it to do.

It is easy to use.

It is simple to use.

It is user friendly.

It requires the fewest steps possible to accomplish
what | want to do with it.

It is flexible.

Using it is effortless.

| can use it without written instructions.

| don't notice any inconsistencies as | use it.
Both occasional and regular users would like it.
| can recover from mistakes quickly and easily.
| can use it successfully every time.

| am satisfied with it.

| would recommend it to a friend.

It is fun to use.

Satisfaction | It works the way | want it to work.

It is wonderful.

| feel | need to have it.

It is pleasant to use.

Usefulness

Ease of Use

F 6. H|obsts 7HAlBIA oAt utE
Table 6. Results of the usability analysis of the proposed
virtual reality history museum content

2 Rl =o| G2M EAM ZHn}

ltems Score (Mean(SD))
Usefulness 6.789(0.252)
Ease of Use 6.734(0.332)
Satisfaction 6.765(0.383)
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Table 7. Comprehensive user experience survey questions
using GEQ[29]

ltems Questions
Competence | felt successful.
P I felt skillful.

Sensory and | was interested in the game's story.

Imaginative Immersion | found it impressive.

| forgot everything around me.

F
ow | felt completely absorbed.
Tension | felt frustrated.
| felt irritable.
| felt chall .
Challenge elt challenged

| had to put a lot of effort into it.

| felt bored.

N i ff
egative affect | found it tiresome.

| felt content.

Positive affect

| felt good.
8. M otoh= Thaks Al AL BhEat ZEI =0 ZEE{ 2l ALZAL

Z8 24 2o
Table 8. Results of the comprehensive user experience

analysis of the proposed virtual reality history
museum content

Items Score (Mean(SD))
Competence 3.857(0.306)
Imagﬁi?ii:ri/nfrairsion 3.821(0.373)
Flow 3.786(0.378)
Tension 0.429(0.829)
Challenge 2.929(0.730)
Negative affect 0.464(0.746)
Positive affect 3.893(0.290)
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