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[Abstract]

In this paper, we propose a multisensory(i.e., visual-auditory-tactile) based AR system for the
education of cultural heritage. The proposed system provides a multisensory interaction by designing a
user to experience with a 3D printed artifact which is mapped by a virtual 3D content of digital
heritage. Compared with the existing systems of cultural heritage education based on augmented
reality(AR) technology, this system focused on not only providing leamning experience via a sense of
visual and auditory, but also a sense of tactile. Furthermore, since this systems mainly provided the
direct interactions using a 3D printed model, it gives a higher degree of realism than existing system
that use touch or click motions on a 2D display of mobile phones and tablets. According to a result of
user testing, we concluded that the proposed system delivered the excellent presence and learning flow
to users. Particularly, from the usability evaluation, a 3D printed target artifact which is similar in

shape to original heritage artifact, achieved the highest scores among the various tested targets.

» Key words: Multisensory, Tactile Interaction, Augmented Reality(AR), Mobile Education, Education of
heritage, Interactive Learning Environment
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I. Introduction
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II. Related works
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III. The Proposed Method

1. Selection of contents of heritage
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Table 1. Introduction of heritage artifacts
NEmG 6l BTG 6l Division Explanation
heritage artifact heritage artifact s
The inlaid design on the surface includes white and black
> * - Manufacture patterns is made through two steps of engraving. At first,
Treasure No.1783 method engrave and apply white soil and then scrape it. And second,
Celadon Prunus Vase engrave and apply red soil, and scrape it again. Finally, bake
with Inlaid twice and then it completes the elaborate inlaid design.
Chrysanthemum, Symbols of Inlaid Chrysanthemum, Peony, Willow, Heron, and Bamboo and
Peony, Willow, Heron, yatterns huangchoggyu patterns were arranged on six sides. This means
and Bamboo Design P success, wealthy, noble and longevity.
and Bamboo Strip ] o
Use case It was revealed that the bottle was a container containing
sesame oil by the bamboo strip found together.
Manufacture The overall pattern was highlighted by using thick and deep
method intaglio lines, while the detailed expression was expressed
by thin and thin intaglio lines.
Treasure No.1784
Celadon Prunus Vase There is an Anaruddha pattern at the top of the body, a
with Incised Lotus Symbols of | lightning-shaped pattern at the bottom surface of the body,
and Branch Design patterns and incised lotus and branch patterns at the center of the
and Bamboo Strip body. Lotus means honest spirit and longevity.
Use case It was revealed that the bottle was a container containing
honey by the bamboo strip found together.
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2. Design of system structures
2.1 Design of informational structure
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Table 2. Target tracking objects

First target Second target Third target
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Printed 3D artifact Drink can

Paper money

Printed 3D tManufacture
artifact target method
Course .
Drink can Symbals of
fo.1 target mode pattems
Paper money Use case
target
System
start
Printed 3D
artifact target

Manufacture
method
Course
No.2

Drink can
target maode

Symbots of
pattems

Paper money Use case
target

Fig. 1. Informational structure
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2.2 Design of technical structure
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Fig. 2. Technical structure

IV. Implementations
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Table 3. System configurations

Window10 pro (64x, v1803)

CPU: Intel(R) Core(TM) i9-7900X
Graphics: NVIDIA GeForce GTX 1080Ti
RAM: 48GB

Unity 3D 5.50f3

Visual Studio2015

Development
Environment

et Vuforia Engine v7.2
Android Studio
MobilePhone(LG-F700S)
Performance | Resolution: 5.3" QHD(2560 X 1440)

Environment | CPU: Qualcomm Snapdragon 820 quad

Core 2.15GHz + 1.6GHz

Core
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Fig. 3. Interaction with a printed 3D target
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V. Experimental Results

1. Outline of user testing
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2. Configurations of questionnaires
2.1 Configurations of presence and learning flow

evaluation
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Table 4. Questionnaires of presence and learning
flow evaluation

Variable Division No. Definition
The degree of
. focusing on the
(a) Immersion .
. 1 realistic contents
of virtual world . . .
mixed with virtual
Presence
and real-world
. Th f
(b) Reality of . e.degree 0 .
virtual object 1 judging the actuality
of the virtual object
The degree to which
(c) Perception of 2 the learner knows
the goal exactly what he or
. she is doing.
Learning
fl Th f
ow (d) Balance of e degree o .
Balance of learner’s
challenge and 3 .
- ability and challenge
personal ability level
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(e) Integration of The degree of
behavior and 2 voluntary do without
consciousness a conscious effort

The degree of own
behavior control
The degree of user
fully concentrate
The feeling of fast or

(f) Control 2

(g) Focus 1

(h) Distorted

. 1 slow passing of time
time sense
unusually

. Th r f
(i) Loss of . € Qeg ee o

. ignoring
self-consciousn 1 . .
ess surroundings while

in an activity
The degree of
1 pleasure of
self-satisfaction

(j)self-satisfacti
on experience

Total 15

2.2 Configurations of usability evaluation
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Table 5. Questionnaire of usability evaluation

Division No. Definition
Ease of the 1 How easy to use the target object
learning was
Efficiency 1 How efficiently the target object
was used
Ease of the 1 How easy it is to manipulate the
operation system

An accurate understanding of the
2 functions of the AR systems and
the target objects

Understanding
of the function

Total 5

3. Analysis of results of questionnaire
3.1 Results of presence and learning flow evaluation
Fig. 5 = =7}51A] 7]dl 9.2 skao Asls) shEALS
o AEL tiet AukE YERA Zlolth. Fighbs W o
T;?jjm]-oﬂ Eﬂa} OPAX}\J] o]/\l 57(4 D}Hoﬂ ui_—n!_ 3. 67(40
2 Uepitt 58 @EUS 99 Y5 A1 ] A
APY(Fig 5-(b))olo] g Aot 44%0)9ck 57AA

A e
sk Julol] ShEAISe FUAAC 71 AR it
9 o2 Bolc g

a
o mdsks 244 Aol

i

HF2 AEGE B FE2 P 2 RBe
(Fig.5-(a))ol] F A= 2.98019i0h S4AA 7]t
St oM 7HIAAG] 2Ushs dEE ¥ 2ol i
A ot Ho= Btk
60.0%
50.0%
A0.0% 37.5%
300% 25.0%
20.0% |
12.5% 12.5% 12.5%
10.0% I ’
6% ! ol |
Hiow 2 3(Medium) 4 5(High)
==aTotal (al )
Division The number of questions Average
(a) 2.9
) 1 4.4
Total 2 38
Fig. 5. Results of presence evaluation
Fig. 62 5094 718t 7= 52 2348 okaAEY]
sk 270l izt 2t Uehd Zolh Fig. 62 B9
s 2ol oigt sAle] Qage 54 g W
10802 Uedrt. 7hg we 29U ual Y82 A
oA APA(Fig. 6-()2 B 48802 Uepdch. Ickg
=

P
e

N
—_

> okl

3.2 Results of usability evaluation
Fig. 72 37434 718t 92 8l A] Bl ARI35)2
AL SR BRI ALg L ATE LR Zol
A4S B9l Al nREH 3D EPlog,
W4RH] 74.5%, BRI} 51997k AR8-ol REESIGT,

& [22]9] 29 ol2ol4 LI U1§A

2F 58 3PPY 2AAT] Al

2 1 Yol A Holz2 Aol AU o= Aol
WU WA e 2YUL MBSt 9SS FAT. W
9, AR B 40880 e 4



68 Journal of The Korea Society of Computer and Information

ZAED 3D LS ot S8} 71 Feps- s o
2 QAR B2, AMgAKs A 23t AR FelE A
B2 71 01§51 Alo] Jche 212 & 4 9k, v,
Ve AHgHE B9 ARl SR 7o, WAA)
18%, SF710] 20.3%30] 327 BA0) AHgo] TES
ek ALGAISS SE 7 20| B WL ShAIL 92

sh53} o] @2)x| QHerE of7io] 90t} 1 ¥lo] 7|Ejold
02 AW Bl A 18 4 Q= WKl AHoR A

stof of2] Zf=2 S |HA WSt | Halr| o =

xJo] golsjrt j7i0] QL.

80.0%
80.0%
70.0%
60.0%
50.0% AL0%
40.0% ]
30.0% Po-T—
20.0% f =
//’fhl =
10.0% 8.4% 5.3%9 i |
N = Pl | ,
1{Low) 2 3{Mediurn} 4 S(High}
=== Total (o) (e [©) {£) mmwnn (1} (h) U] e
Division The number of questions Average
el 2 3.3
() 3 4.5
{e) 2 38
{f) 2 38
{@) 1 4.0
) 1 R
[} 1 4.8
1§ 1 4.1
Tetal 13 4.0

Fig. 6. Results of learning flow evaluation

80.00% 74.50%

70.00%

BO.00%

51.9%
50.00%
40.00%
27.8%
30.00% J—
20.3% B0
20.00%
10.00% 1.80%
0.00% e

30 printed target Drink can target  Paper money target

mEducators BStuderds

Fig. 7. Results of usability evaluation

M. Conclusions

B Ao B2} 22 ARl 4EAES A

L LIRS I = R |
£7a4 ARl 3lE 3=l 9ol o
o =

=
L.
APLRPE & 9l BRI RIS Alsste teedZ 7R 3

ACKNOWLEDGEMENT

This work was supported by academic research
support project for Korea National University of
Cultural Heritage in 2019.

REFERENCES

[1] Jiyeon Yang, “Collections Use and the Educational Roles of Open
Storage”, Korean journal of culture and arts education studies, Vol.
9, No. 4, pp. 1-23, August 2014. DOL: 10.15815/kjcaes.2014.9.4.1

[2] Jeongeun Lee, and Goun Choi, “A critical review of object-based
learning and generic learning outcomes in museum education in
Korea”, Korean journal of culture and arts education studies, Vol.
9, No. 5, pp. 41-58, December 2014. DOIL: 10.15815/
kjcaes.2014.9.5.41

[3] SoYoung Jeong, “Analysis of Augmented Reality-Based Museum
APP Contents Types”, Korean Society of Basic Design & Att,
Vol.20, No. 2, pp.386-396, March 2019.

[4] Sunae Oh, and Jiyeon Gong, “The Study on the Environmental
Elements of Exhibitions Applied the Flow Theory in the Museum
~ Focused on Visitors of the Experience Exhibitions”, Journal of
Digital Design, Vol. 11, No. 3, pp.143-152, November 2011. DOL:
10.1728 0/jdd.2011.11.3.014

[5] Deokman Kim, and Junhong Park, “Vibration Feedback at Virtual
Position in a Beam using Wave Propagation Approach”, The
Korean Society of Mechanical Engineers, pp. 1474-1475,
December 2018.

[6] WooSang Kim, and Ken Nah, “A Study on Contents Design of
Virtual and Augmented Reality Reflecting Presence”, JOURNAL
OF THE KOREAN SOCIETY DESIGN CULTURE, Vol. 23, No.
3, pp.139-153, September 2017. DOL 10.18208/ksdc.2017.2
3.3.139

[7] Nayeong Jung, Wonjoo Hwang, Siwoo Kang, Jeongsep Lee, Minho
Kyung, “Haptic Intonation learning system for learning Chinese”,
EXTENDED ABSTRACTS OF HCI KOREA 2016, pp.277-279,



Multisensory based AR System for Education of Cultural Heritage 69

January 2016.

[8] Jong-Mun Jeon, and Hyung-Jeong Yang, “Multi-modal Sense
based Interface for Augmented Reality in Table Top Display”,
JOURNAL OF KOREA MULTIMEDIA SOCIETY, Vol.12,
No.5, May 2009.

[9] Junhun Lee, and Taejin Ha, and Jeha Ryu, and Woontack Woo,
“Development of Pen-type Haptic User Interface and Haptic Effect
Design for Digilog Book Authoring”, Proceedings of HCI KOREA
2019, pp.402-405, February 2009.

[10] Jin-Ok Park, “Subjectivity study on the from of the virtual reality
contents user experience”, Journal of Digital Contents Society,
Vol. 20, No. 2, pp395-403 February 2019. DOL
10.9728/dcs.2019.20 .2.395

[11] Jenifer Tidwell, “Designing Interfaces: Patterns for Effective
Interaction Design”, O'Reilly book, 2005.

[12] Taejin Ha, and Yeongmi Kim, and Jeha Ryu, and Woontack Woo,
“Methodologies for Enhancing Immersiveness in AR-based
Product Design”, Journal of the Institute of Electronic Engineers
of Korea-CI, Vol. 44, No. 2, pp.37-46, March 2007.

[13] Miheon Jo, Jeonghye Han, Eunja Hyun “The Development of
Robot and Augmented Riality Based Contents and Instructional
Model Supporting Childrens’ Dramatic Play”, Journal of The
Korean Association of Information Education Vol. 17, No. 4,
December 2013, pp. 421-432. DOL: 10.14352/jkaie.2013.17.4.421

[14] Junghoon Leem, and Byungro Lim, and Eunmo Sung,
“Developmental Study on the Quality Certification Standards
of Smart Education Contents”, The Journal of Educational
Information and Media, Vol 20, No 3, pp.327-353, September
2014. DOL: 10.15833 /KAFEIAM. 20.3.327

[15] National Research Institute of Maritime Cultural Heritage, “Taean
Mado  Shipwreck No.2 Underwater Excavation”, National
Research Institute of Maritime Cultural Heritage, 2011.

[16] Hyon-jeong An. “A Study on Aesthetics of ‘Flower Pattern’ in
Korean Ceramic History —Focusing on Korean National
Treasures”, Korea Society of Floral Art &Design, Vol. 30, pp.

133-157, June 2014.

[17] Sunhee Kim, “A study on the making celadon flower
vase-Focused on the celadon design excavated in Gangjin area”,
DankookUniversity, 2006.

[18] Goryeo Celadon Museum, http://www.celadon.go.kr/dorok/board

List.do?menuld=celadon0404010000

[19] Seoul Historiography Institute, https://history.seoul.go.kr/nuri/bbs
/bbs.php?sub_type=view&kb_idx=336&didx=125

[20] Eunju Lee, and Sungsil Park. “A Case Study on the Change of
Names for Important Folklore Materials and Remains — Based
on the Material No. 37, the Excavated Costume from Thyujeong’s
Collection in Ulsan-”, Journal of the Korean Society of Costume,
Vol. 55, No. 6s, pp.107-120, December 2005.

[21] K-Heritage tv, http://www.k-heritage.tv/brd/board/229/L/CATE

GORY/2378/menu/372?brdCodeField=CATEGORY&brdCodeVa
lue=2378&bbldx=12564&brdType=R

[22] Csikszentmihalyi, M, “Flow: The Psychology of Optimal
Experience”, Harper and Row, Harper Perennial Modemn
Classics, 2008.

[23] Heejeon Seo, “Relationships among Presence, Learning Flow,
Attitude toward Usability, and Learning Achievement in an
Augmented Reality Interactive Learning Environment”, Korean
Association For Educational Information and Media, Vol.14,
No.3 ,September 2008.

National University of Cultural

Authors

Eunsol Jeong received Bachelor's degree in
Dept. of Chinese Language and Literature at
Dankook University in 2016. Eunsol Jeong is
currently in the master's course in the Dept.

of Cultural Heritage Industry at Korea

Heritage(NUCH). She is
interested in motion capture of intangible cultural heritage and

AR heritage educational contents.

Jeong-eun Oh received Bachelor's degree in
Dept. of Traditional Landscape Architecture at
Korea  National Cultural
| Heritage(NUCH)

currently in the master's course in the Dept.

University  of

in 2010. Jeong-eun Oh is

of Cultural Heritage Industry at Korea National University of
Cultural Heritage(NUCH). She is interested in digital cultural

heritage documentation and digital data verification.

Haeyeon Won received Bachelor’s degree in
Dept. of Korean painting at Andong National
University, Korea, in 2017. Haeyeon Won is
currently in the master’s course in the Dept.

of Digital Heritage Industry at Korea National

University of Cultural Heritage(NUCH). She is interested in

media art and educational digital contents.

and Ph.D.

degrees from Department of Information and

JeongMin Yu received the M.S.

Communications, Gwangju Institute of Science
and Technology (GIST), Gwangju, in 2009
and 2014 respectively. Dr. Yu joined the

faculty of the Department of Culture Heritage Industry at
Korea National University of Culture Heritage, Bu-yeo, Korea,
in 2017. He is
Department of Culture Heritage Industry at Korea National

currently a assistant Professor in the

University of Culture Heritage. He is interested in computer

vision, image processing, augmented reality, and digital

heritage.



