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[Abstract]

This study empirically investigated the user’s experience with <Mona Lisa: Beyond the glass> based
on the Technology Acceptance Model. According to the frequency analysis results, the usability for
learning was evaluated relatively higher than that for appreciation from the perspective of perceived
usefulness and the technical factors such as graphics and modeling raised the issue for the quality
improvement. According to the results of the correlation analysis, the usability for learning correlated
with the degree of satisfaction. In addition, all detailed factors of perceived ease of use positively
influenced on the degree of satisfaction and the impact of the environmental factor on the degree of
satisfaction was greatest. The degree of satisfaction with the VR application significantly correlated with
the degree of immersion and behavioral intention to the VR application. Therefore, this study proved

the suitability for the Technology Acceptance Model as a tool for evaluating a VR application.

» Key words: VR application, Technical Acceptance Model(TAM), User experience(UX),
Perceived Usefulness(PU), Perceived Ease of Use(PEOU)
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I. Introduction
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II. Preliminaries

1. Theoretical background

1.1 VR Application of Artworks
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1.2 Mona Lisa: Beyond the Glass
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Fig. 1. ‘Mona Lisa: Beyond the glass’
(source: HTC VIVEPORT)
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Fig. 2. 3D Modeling of Mona Lisa’s whole body using
x—ray and infrared imaging of <Mona Lisa>
(source: VR studio Emissive)
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Fig. 3. Differentiated layers to explain Sfumato technique
of <Mona Lisa> (source: VR studio Emissive)

III. The Proposed Scheme

3. Research Model

3.1 Research Methodology
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Table 1. Detail factors of PU and PEQU
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to reuse the VR app. for appreciation (ITRVAFA), Intention
to recommend the Mona Lisa VR app. to others (ITRMVATO)
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Fig. 4. Research model
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Table 2. Components of the Questionnaire

Number of

guestion(%)

- previous viewing experiences 4
with the image of Mona lisa (15)

- usability for learning (UFL)

- usability for appreciation (UFA)

- storytelling factors (SF)

PEOU | - technical factors (TF)

- environmental factors (EF)

- degree of satisfaction (DOS)

ATUV | - degree of immersion (DOI)

- degree of fatigue (DOF)

- intention to reuse the Monalisa
VR app. (ITRMVA)

- intention to reuse the VR
app.for appreciation (ITRVAFA)

- intention to recommend
Monalisa VR app. to others
(ITRMVATO)

- experiential values of VR app.

- using time

other | - factors of technical
dissatisfaction

- personal information

Elements

EV

PU
12
(46)

BITUV
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3.2 Hypothesis
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Table 3. Hypotheses

No. Hypotheses

H1. DOI has a correlation with DOS

H2. DOF has a correlation with DOS
H3. PU has a correlation with DOS

H4. PEOU has a correlation with DOS
H5. DOS has a correlation with BITUV

IV. Finding and Discussion

4.1 Frequency Analysis
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Table 4. DOS according to pre-expectation with VR
app.

No Pre-expectation with VR app. r;}: DOS
1. | secret of the artwork 27.4 3.12
2. | technical background of the artwork | 25.8 2.78
3. | personal information of Mona Lisa 210 2.86
4. | preservation of the artwork 145 2.56
5. | Mona Lisa’s smile 1.3 243
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Table 5. An Evaluation of PU and PEQOU

. ratio
factor details (%)
UFL1 promoting understanding toward the 857
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UFL2 evoking interest/ curiosity in the 846
P artwork
U UFA1 artlstlc. gnd aesthetic properties to 478
the original
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TE1 sophls.tlcatlon of graphics and 129
modeling
P TF2 | resolution of the artwork 50.0
£ SF1 .storytelll.ng based narrative and 840
0 information
the amount of information and the
U SF2 degree of difficulty of information 58.3
EF1 guide circulation in VR environment | 64.0
EF2 | optimization of VR environment 50.0
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Fig. 5. An evaluation of ATUV and BITUV

4.2 Correlation Analysis and Results
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Table 6. results of correlations with DOS
(*p<.05, **p<.01)

correlations with DOS
DOI DOF
3747 -.224
UFL1 UFL2 UFA1 UFA2
514 5917 436" 331
TF1 TF2 SF1 SF2 EF1 EF2
5277 | 4217 378" 395" | 449" | 538"
ITRMVA ITRVAFA ITRMVATO
560" 372" 444

ATUV

PU

PEOU

BITUV

V. Conclusions

> i

A= TAME 7|REe 2 <ZU]xb>-5 Afuf7jst of
= 9 ‘Mona Lisa: Beyond the glass’@] A}
IS of&29ic) PUS UEE L ZF AR B A
UFLo] UFARC}H BHS 5o cj3t QJakeio] 3
D}. o] Zi}= VR 0“0] Oﬂ’K x}“oﬂ oigh AREAL

goj907]n

3

Da)
-
oﬁ

F_'E'. Fl
[elv
S %

o

1o X B oo my
O
ol
=

oor L7

[}
—5“;

19
=)
12
ol
offl
)

|ru

|->1I

ga)

>
Mo

[

ol

ok

>

2

(e}

o

)

o
)
>
El

RIS 20l0] gHE =9} olulat UL ZHAC

l'l&l'l‘lﬂog':'l‘u

S Al ojuly 714 B8 YHKolT
o2 Adslo] SF HEox ZAA HWrl2 =g} £
&, ol AEI VR 7120] e §5 ola2 vigoz
h2e EF E3 3902 Blwolct siAIgt TRo] of
g Wh ke a9l ls) BlRs WA AR,
ol T2 % BEY £F, = A 7% 5 9
23t ofe} VR % S42 2slo] YA A Ot 7
#2 Aol cig W APl 2ok AR
DOSE BITUVE] ZE a9lof cfs) JaaAg 7hgoz
M, VR %4 ALEd B712 913t TAMO] 17 230 29
7(461-}\-]0] xHi}O]QOﬂ;}

A7 ATE BN B, | BAY & S|
02K o& AF 7Y VR WL AEALe] ol AHEo
[Hs}— LH?H 57] To:] = 61-/'\ E__rl.iqul KF};HE#% 7t
olct. sIA|gE MAl gElE] @ Jejm 11 S0 7]3A

AO2 QIsh A3 ATOIN APIHIAY UE FUA
ol W =p2Me] Mol iat 2A7H 2 Aol
= SUSPA AIsoich U WA, P A
UEe 2US Asfeh 20102 cejyek. ol VR

o YulX S4S PN, UREY FYTE FAA]

1:,}71-71-79
a1

|—4

r-lu

7] $15ll VR <ge] 712 o 7Y Tl 2 WiRlS
doz A& gl ARl Wit BaRoR vt

ithe S Qufgit}. 2 A-toflA gF x| FR|RE
Zake ogsiEol O AR &7 550 WEEd o
Oﬂokaﬂo]q] o]L 24 EHPDJ,} o1-oﬂo:]:rLEJo] _(p_ﬂ] 7]

F3 UleAl 9 WA AP A} by APeIAY A
ol Uiz s e @ 4 o

2 of

r:i ok

REFERENCES

[1] Alonzo C. Addison, “Virtual heritage trends”, IEEE Multimedia,
Vol. 7, pp. 22-25, May 2020. DOI: 10.1109/93.848421

[2] TimVR, “Museum of the future - by Archi Vision and Europeana”,
oculus vr forums, https://bit.ly/2Mlfjjo

[3] Rhee, B., Kim, S. H., & Shin, S. M.. “Applying the Technology
Acceptance Model to the Digital Exhibition: A Case study on <Van
Gogh Inside: Festival of Light and Music>" Journal of the Korea
Society of Computer and Information, 21(10), 21-28. Oct. 2016.
DOI: 10.9708/JKSCIL.2016.21.10.021.

[4] B. Koo, “Art Museum Experience Using Digital Technologies”,
Korea Art Education Association, Vol. 21(2), pp.323-340, Aug.
2007

[5] D. Lee & K. Lee, “A Study on Web Virtual Museum UX Design
Guidelines to Improve the History Learning Effect”,
Museum Studies, Vol.38, pp.27-58, Jun. 2020. DOI :
ksms..38.202006.002

[6] C. Coates, “Virtual Reality is a big trend in museums, but what

Journal of
10.22884/j0

are the best examples of museums using VR?”, MuseumNext,
https://bit.ly/3q7fySD
[7] National Museum of Modern and Contemporary Art, Korea,
"Lively enjoy with 360° VR! National Museum of Modern and
Contemporary Art Exhibition VR video service", https://bit.ly/3
gCv2ge
[8] Ministry of Culture, Sports and Tourism, “A museum experience
with ‘realistic’ content - 5. 19. The Minister of Culture, Sports
and Tourism attended the opening ceremony of the National
Museum of Digital Reality -”, https:/bit.ly/2ZNSNFRe
[9] Cultural Heritage Administration, “"New royal ceramics,
Western-style ceramics used by the Joseon Dynasty) on-line
display”, https://bit.ly/3kEhelj
[10] Ministry of Science and ICT, “Ministry of Science and ICT create
a 32 billion won digital content fund in 2020, https://bit.ly/3b
V6DPe
[11] Ministry of Culture, Sports and Tourism, “104 museums and art
galleries provide unique cultural experiences ~ 86 public and 18
private museum and art museums selected as the target institution



38 Journal of The Korea Society of Computer and Information

for the intelligent museum and art museum foundation project
-7, https://bit.ly/3e00wvy

[12] B. Rhee & J. Kim. "A study on users’ experiences with VR
applications of artworks: The future of VR Applications in Art
Museums." KOREA SCIENCE & ART FORUM, 25 pp.
273-284. Sep. 2016. DOI : 10.17548/ksaf.2016.09.25.273

[13] S. Park & J. Kim. “Converting 2-D Artworks into 2.5-D Content
for More Immersive HMD VR Exhibition Experience”. Journal
of Digital Contents Society, 21(4), pp. 653-661. Apr. 2020. DOI
: 10.9728/dcs.2020.21.4.653

[14] B. Rhee & J. Kim, “The Sutability of VR Artwork as an
Immersive Learning Tool”, KSCI, Vol. 24, pp. 223-226, Jan.
2016.

[15] B. Rhee & Y. Choi & D. Jeong & S. Park, “An Evaluation of
Users” Experiences with Gustave Klimpt VR Application Using
the Technology Acceptance Model(TAM)”, KSCI, Vol. 25, pp.
298-301, July, 2017.

[16] J. Rae & L. Edwards, “Virtual reality at the British Museum:
What is the value of virtual reality environments for learning
by children and young people, schools, and families?”’, Museum
and the Web 2016, https://bit.ly/383XgeP

[17] H. Choi, "A Proposal on MR-Audience Content Design Model
for Art Appreciation", Ph.D dessertation, Ehwa womans
university, 2019.

[18] Musée du Louvre External Relations Department, “Réouverture
de la salle des Etats rénovée La Joconde retrouve sa place”,
https://bit.ly/3bNCIZa

[19] K. Marchese, “The Louvre recreates the mona lisa in 3D for
da vinci exhibition”, https:/bit.ly/3b9ThPG

[20] Emissive, “MONA LISA VR PROJECT”, https://bit.ly/2QpmK
Om

[21] HTC Vive Arts, “Art & Photography - Mona Lisa: Beyond the
glass”, https:/bit.ly/3bXNSFP

[22] HTC Vive Arts, “An Intimate Encounter: Standing Alone with
the Mona Lisa”, https://bit.ly/3uOU;jIL

[23] M. Cole, ““Mona Lisa’ Is Brought to Life at the Louvre’s First
VR Experience”, https://bit.ly/3sRy0Af

[24] S. Dent, “HTC recreated the 'Mona Lisa' in 3D for the Louvre's
da Vinci exhibition”, https://engt.co/3e2yEHk

[25] VR Application <Mona Lisa: Beyond the glass> UX Google
survey, Nov. 2019. https://forms.gle/AFykE2TRv5tTx4cT8

[26] J. You & C. Park. “A Comprehensive Review of Technology
Acceptance Model Researches”, Entrue Journal of Information
Technology, 9(2), pp. 31-50, July, 2010.

[27] B. Rhee, S. Choi & Y. Seok Hong.“ A Study on Differences
of Aesthetic Experience in the Exhibition of Artworks and the
Remediated Exhibition of Artworks: A Comparative Study
between (Monet’s Impressionism Exhibition 2016) and
(Impressionist Landscapes)”. JOURNAL OF THE KOREA

CONTENTS ASSOCIATION, 17(5), pp. 153-164. May, 2017.
DOI : 10.5392/JKCA.2017.17.05.153

[28] E. So, “A Study on the Revisit Intention of Convergence
Exhibition according to the Moderating Effect of Memory
-Focused on Interactive Exhibition -, The Korean Society of
Science & Art, Vol. 37(4), pp. 161-175, Sep. 2019. DOI :
10.17548/ksaf.2019.09.30.161

[29] A. Damala, 1. Ruthven, & E. Hornecker. “The MUSETECH
Model: A Comprehensive Evaluation Framework for Museum
Technology”. Journal on Computing and Cultural Heritage. Vol.
12(1), pp.7:1-7:22. Feb. 2019. DOIL: 10.1145/3297717

[30] C. McIntyre. “Museum and Art Gallery Experience Space
Characteristics: an Entertaining Show or a Contemplative
Bathe?”, International journal of tourism research, Vol. 11, pp.
155-170, Mar/Apr 2009. DOL: 10.1002/jtr.717

Authors

Jisu Kang received the B.A. degree in
German from Hankuk University of Foreign
Studies in 2016. From 2020, she has been
working as a Master’s student and researcher

Art & Technology in GSAIM Chung-Ang

University. Her research interests include online exhibition

and museum visitor analysis using big data technology.

Hanna No is an Undergraduate Student in
Department of Art and  Technology,
Chung-Ang University, South Korea. She is
interested in machine

learning, computer

vision and data mining.

Boa Rhee received the B.A. degree in
Library Science
1987, M.A. degree
Studies from Graduate School of Sung Kyun

Kwan University in 1990 and Ph.D. degree

from Sung Kyun Kwan

University in in  Art

in Art Management from Florida State University, U.S., in
1997. Dr. Rhee is currently a professor at the College of Art
and Technology, Chung-Ang University, South Korea. She is
a museum technology and informatics researcher. Her works
have focused on transdisciplinary approaches, hyper-connected
museum, mediation between digital surrogates (i.e. digital
exhibitions, VR and AR) and viewers, social media, and

museum 3.0.



