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Figure 4: Detection of surface damage on facades using ChatGPT, highlighted with colored rectangles in multiple

images with some errors (Mishra et al., 2024).
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Figure 5: (a) Original facade of Santa Chiara Church (Nepal), (b) Al-reconstructed model of the facade (damaged areas
highlighted in color)(Colace et al., 2024).
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Figure 6: Using GAN Networks to Predict Damaged Sections of Historical Buildings (Karadag, 2023).
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Table 1: Summary of Findings on Al Applications in Restoration Education Based on Learning Theories
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Comparative analysis of Al and VR in sustainable architecture education,
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Al-enabled 3D modeling and realistic simulations enhance concrete
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Augmented reality program for heritage education, focusing on concrete (Lee etal., 2021) Learning
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Al detects structural damage in historical buildings, linking to concrete
experience and abstract conceptualization.
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Examines Al's role in boosting active learning and prior knowledge integration
based on previous literiture.
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Al tools increase social interaction in architectural design.
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Explores Al’s potential for process-focused learning and social interaction.
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Digital reconstruction of historical buildings through the integration of 3D
reconstruction and GAN algorithms, emphasizing the components of
“Networking and Communication” and “Flexibility.”
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Application of machine learning and the use of a cGAN network, with
attention to the components of “Cognitive Skills” and “Continuous
Learning.”
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Systematic review of the integration of artificial intelligence and the | Waroonkun, 2024)
Internet of Things in cultural heritage preservation, focusing on
“Networking and Communication” and “Technology Facilitation.”
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Connecting to digital networks and facilitating interdisciplinary (McCapra, 2017)
collaboration, highlighting the components of “Digital Collaboration,”
“Technology Facilitation,” “Continuous Learning,” and “Self-directed
Learning.”
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Deep learning for visual inspection of historical buildings,
promoting dynamic knowledge and cognitive skills.
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Use of the Art-Risk 3.0 platform for monitoring the preservation and 2023)
restoration of historical buildings, emphasizing “Diverse Resources” and
“Digital Collaboration.”
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Table 2: Analysis of Emphasis on Components of Experiential and Constructivist Learning Theoties in Al
Applications for Restoration Education
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Table 3: Examining the Emphasis on Components of Connectivism Learning Theory in Relation to the
Use of Artificial Intelligence in Restoration Education
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Figure 7: The relationship between the components of each learning theory in relation to the use of artificial
intelligence in restoration education (the components that received more attention are bolded).




S5 S £
wegad il 33 g 65k slaay i SaS L Cunye (Big0l 13 (osias Jagm oSl g LI syl gl Bun
b iy ol bl S Judos b aolsl 55 055,50l 1L,SLLS,) o [Sonijlo ¢ o5 650l s bgype (clodilge Iz
2Vl (Sgan g e (Bigel ) 45 3 LS ol 8T JE sy 350 Cope i) & by clasing:
Coye Sigel 3 (olois] Jolei 5 e (o il almailge 3l w3l gyidy I 6350k sloa i sleailge Sy
g b Cusl (gdaxte (sloog)S b ()lSen &) (e 5 Cunl 405 4 Wil g ()l Al cCanpo Ay &S |z > Canl
‘.{ A.Q{>|3A dl)) .\Su.o ol).o.m Lg‘.muf,\m ‘.} I) UT U"’)?‘J &S d.>|9.a o.)).'Z.MS 9 &9.»..\.0 L.J‘.C?.\D}A ‘.} Cio yo du..\.o) &S cudly
S L Ll 3 Jsud (o)lKan 5 polto cops50l «lbliy] 5 silo 453 sylis g Jto badlge goise oyl
esian osn 5l odlizul Jb ol b siS @) 03 ol 5 |y edol)lS clnyll Wl oo e gimn s 5 0,15 Cosanl |SLLS)|
a5l (L8 b p 4SS (Jld (650L wibe) (6,80l sladdlge I S ol slacedgize sl (5,800 sl e
sladinj 4 (Sio Cunpe (B | (a2 JB (A0 rizmen ) (ogian (ea Il Sl ekl ) pbgmdil ©)lea
2 egian Ghgn BT L Ll ploye gy cpl 5l slosis Jlioms ojp 31y st ledbl cpl 5l (g)lbum 5 canl (Su)b

S ool oyl 51 e e (sl

e Slgi e plS o 4 3500 Jold ) (as 5 o)l cobie ) (ogite il Canye (D90l A5 o)1 ME &S ysbolan
2ol 03,8 jasula ]y (o gian (gn g 633k sl (o LI (gl cnl ol adl 6 50b I (ool 0ged
Slyome & g b algie cpalen 25 )18 o3kl 3)90 (elee o g K205 Sl @b Sl Gingk cnl el
Sl o o) Sty ¢ o oy A8 Sl | canlio S giamn e sl ccs 53l (el ks cloadlge b Ll Lol o yogyo
) oy ol 1 S a2 ] (oghan Ghgr 86 e le 3 (6250 Liagh B 3 timgl (slaasl S5 L
Lo L8 5 3.8 dalllas 350 o yo

&l (2 le
385 33y 13l imady ol b e 45 gblio Sl 4365 geun &S 48 e pOMel B ity s

P
' Experiential Learning Theory

2 Constructivism

3 Connectivism theory

4 David Kolb

5 Directed Qualitative Content Analysis

gle OBl )3 Cpizmen )15 g2 4l 93 (pl o (b Sl g 0 (silene I (Fio Cuoye ¢ aygutS I (gylny 7

2 2Ll deg (Su)lbabe; ) (Al St Slegsge 4wl (gilaxe Ghjgel b bloyl o L 3)00 aite 1 0b n
Sl ALl 08 b Cuoye wgyd yd Wilg Allie (glaiee jao

7 Architectural computation

8 Peer debriefing

9 Chat Gpt

10 MidJourny

1 DALL-E

12 Deep learning
13 Machine learning

b5 ekl gpde cal sl 9355 Mg |y i )90 8 (lsioe e (g aslin IS g (gul Il ey ST
&lygiwd 4 dgdote (Auto cad, 3D Max siko) dbogyye (sban,ldle 5 5 ¢pguas ags el a5 canl Jlo 5 ol 315 392

15 Collective intelligence



S5k sl i slioe y Cunpo 390l b (gt Sop (Slagsbsy bL

odliiwl py8 Mg (gl il oo dgub o s (Rbinaceros) guly aolsys y3 &S (Grasshopper) pla ywl,3 3éle 5 ¢ o jglags
2,5
(Building information modelling) BIM l3éls 5 siile 'Y

18 JoT
oo opl il Slue slaleidlo w6le o So b clisl 5l gibre (sladseus sl Jold Jluows (soligs slacigs ks ™
oy S o do LS5 1) lagyglid (305 g (oomme ogn (sla oo sl oyl (cla s ) (glalasd (claosly Jbusod
ol GiSly Siloand 5 (o5 sl b balpd QUjL L) sdd e )RS5 5 agjluded pglte @yllas ISl
OMelie slp shyalip 4 g 03 Cogli |y (blix o 50y, (pl S0 wald )L 5 (aee ol
WS o S8 Wil iy

20 Heritage Building Information Modeling
21 Digital Twin

5 3y90 SlaShg 355 g (ile B S (0 ST oS sl Gros (650 Jo sla sy Osete (Spae g T
S Hl Ll (3 I g wd glyuinl oS Blus o sl 1) Sguan (bea (g, opl S gzl plb claodls I 1,

.CAM}I D.)).g J.;A).'J)J.é O)U“jﬁ ()L;.&f YT S SJLM.‘OM OL.) W.Q‘.é ‘)ﬂﬁl“a} ).) s‘-lf:.\;:‘ RUTAS ST} J».A) .)9{ ’,gon)i.é li
2 Wordsmith
2 Quill

References /gl

Abidah, A. (2023). Transformasi Digital: Peran Al dalam Konservasi dan Restorasi Bangunan Heritage.
SEMINAR NASIONAL DIES NATALIS 62, 1, 233-238.

Ahekyan, A., Mural, V., & Voronchak, I. (2023). Future Education: In the Age of Artificial Intelligence. In I.
Tatomyr & L. Kvasnii (Eds.), Artificial intelligence: An era of new threats or gpportunities? (pp. 64—73). Oktan
Print.

Ashrafganjouei, M., & Nadimi, H. (2024). Exploring the impact of the direct experience of architecture
precedents: A study of master student teams. International Journal of Technology and Design Education, 34,
1931-1953.

Bakhshi Khilgavani, V., Aliaabadi, Kh., Nili Ahmadabadi, M., Barzouyan, S., & Delavar, A. (2023).
Determining the Elements of an Instructional Model for Connectivist Learning
Environments. Educational Technology Journal, 17(4), 837-848.

sl Bigel 5 g polis s (IT4Y) g 9¥3 5 o cbgin ep (@dblian] (s g odblde ey (SIS i

[AYY=AYA (¥))V (0] (cy9lis o puii o 01,5 L5y (6,50b 20l laxe

Basarir, L. (2022). Modelling Al in architectural education. Gazi University Journal of Science, 35(4), 1260-1278.

Cannarsa, M. (2021). Ethics guidelines for trustworthy Al. The Canbridge Handbook of Lawyering in the Digital
Age, 283-297.

Cao, Y., Gao, X,, Yin, H., Yu, K., & Zhou, D. (2024). Reimagining Tradition: A Comparative Study of Artificial
Intelligence and Virtual Reality in Sustainable Architecture Education. Sustainability, 16(24), 11135.

Ceylan, S. (2021). Artificial Intelligence in Architecture: An Educational Perspective. CSEDU (7), 100-107.

Colace, F., Gaeta, R., Lorusso, A., & Santaniello, D. (2024). Smart Restoration: Al for Historical Facade. 2024
IEEE Workshop on Complexity in Engineering (COMPENG), 1-5.

Dewey, J. (1986). Experience and Education. The Educational Forum, 50(3), 241-252.

Downes, S. (2008). An introduction to connective knowledge. In: Media, Knowledge & Education:

Exploring New Spaces, Relations and Dynamics in Digital Media Ecologies

Dwijendra, N. K. A., Dewi, N. M. E. N., Hendrawan, F.; Dinata, R. D. S., Pranajaya, I. K., & Suryani, N. K.
(2024). Integrating Artificial Intelligence in Architectural Education for Sustainable Development: A Case Study in Bali.

Fang, T., Hui, Z., Rey, W. P., Yang, A, Liu, B., & Xie, Z. (2024). Digital Restoration of Historical Buildings by
Integrating 3D PC Reconstruction and GAN Algorithm. Journal of Artificial Intelligence and Technology, 4(2),
179-187.

Fosnot, C. T., & Perry, R. S. (1996). Constructivism: A psychological theory of learning. Constructivism: Theory,
Perspectives, and Practice, 2(1), 8-33.

Ghaith, K. (2024). Al integration in cultural heritage conservation—Ethical considerations and the human
imperative. International Journal of Emerging and Disruptive Innovation in Education: IV ISIONARIUM, 2(1), 6.

Y VEF Qs | Y ol byleds | ¥ Syleds | paiis Jlo



Giretti, A., Durmus, D., Vaccarini, M., Zambelli, M., Guidi, A., & di Meana, F. R. (2023). Integrating Large
Language Models in Art and Design Education. International Association for Development of the Information Society.

Hsieh, H.-F., & Shannon, S. E. (2005). Three Approaches to Qualitative Content Analysis. Qualitative Health
Research, 15(9), 1277-1288.

Karadag, I. (2023). Machine learning for conservation of architectural heritage. Open House International, 48(1),
23-37.

Keshavarz, M., Mehdizadeh, F., & Jebelameli, A. (2018). Teaching Historic Building Restoration with an
Interdisciplinary Approach. Soffeh, 28(2), 85-98.

(V)P i . glaiy oo pole 3,509, b (Sasl slaly Cunje (Bj90l (WWAY) g iole i b ool 5o op ¢55Li5]
[AA-A

Kolb, D. A. (1984). Experiential 1earning: Experience as the Source of Iearning and Development. Prentice-Hall.

Laohaviraphap, N., & Waroonkun, T. (2024). Integrating Artificial Intelligence and the Internet of Things in
Cultural Heritage Preservation: A Systematic Review of Risk Management and Environmental Monitoring
Strategies. Buzldings, 14(12), 3979.

Lee, L.-K., Chui, K. T., Chiu, C.-M., Lo, P.-Y., Tsoi, S.-W., & Wu, N.-I. (2021). An intelligent augmented reality
mobile application for heritage conservation education. Proceedings of the International Conference on Smart
Systems and Advanced Computing (Syscom), 1-7.

McCapra, A. (2017). 326—Conservation in the age of the robot. Journal of the Institute of Conservation, 40(2), 190—
197.

Mishra, M., Zhang, K., Mea, C., Barazzetti, L., Fassi, F., Fiorillo, F., & Previtali, M. (2024). Deep Learning-
Based Al-Assisted Visual Inspection Systems for Historic Buildings and their Comparative Performance
with ChatGPT-40. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
48, 327-334.

Moreno, M., Prieto, A. J., Ortiz, R., Cagigas-Mufliz, D., Becerra, J., Garrido-Vizuete, M. A., Segura, D., Macias-
Bernal, J. M., Chavez, M. J., & Ortiz, P. (2023). Preventive Conservation and Restoration Monitoring of
Heritage Buildings Based on Fuzzy Logic. International Journal of Architectural Heritage, 17(7), 1153—1170.

Nilsson, N. J., Hilpisch, Y., Yao, M., Zhou, A., Jia, M., Baesen, B., VLASSELAER, V., & Verbeke, W. (2010).
The quest for ai: A history of ideas and achievements.

Novoselchuk, N., Shevchenko, L., & Macc, E. (2023). Artificial intelligence in architecture and education:
Potential, tendencies, perspectives. In 1. Tatomyr & L. Kvasnii (Eds.), Artificial intelligence: An era of new
threats or opportunities? (pp. 125—136). Oktan Print.

Piaget, J. (1970). Science of education and the psychology of the child. Trans. D. Coltman.

Sadek, M. R., & Mohamed, N. A. G. (2023). Atrtificial Intelligence as a pedagogical tool for architectural
education: What does the empirical evidence tell us? MS.A Engineering Journal, 2(2), 133—148.

Seif, A. (2008). Educational Psychology. Tehran: Payame Noor Publications.

[')93 r"L" P :O]ﬂ&j u"""/"'“u“’[‘““/}/ '(“NAV) ulg ‘“‘L"‘“’]

Siemens, G. (20006). Knowing knowledge. Lulu. com.

Spall, S. (1998). Peer debriefing in qualitative research: Emerging operational models. Qualitative Inquiry, 4(2),
280-292.

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes (Vol. 86). Harvard university
press.

Wang, N., Zhao, X., Zhao, P., Zhang, Y., Zou, Z., & Ou, J. (2019). Automatic damage detection of historic
masonty buildings based on mobile deep learning. Automation in Construction, 103, 53—60.

Zhang, Y., & Wildemuth, B. M. (2009). Qualitative analysis of content. In B. M. Wildemuth (Ed.), Applications
of social research methods to questions in information and library science (2nd edition, pp. 318-329). Libraries
Unlimited.



