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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Today, the integration of new technologies in
Received 2023/04/09 architectural education will lead to improved learning, improved student skills,
Revised 2023/09/03 iincreased participation, greater creativity, more positive attitudes toward courses and
Accepted 2023/11/14 ifuture careers, and greater interest and participation of instructors in classes. In the
Available Online  2024/12/25 icurrent era, one of the most significant emerging technologies in architectural education
fand the training of professional architects is Building Information Modeling (BIM). BIM
Keywords: represents a major advancement in the fields of architecture and construction, marking a
Architectural Education i shift from traditional two-dimensional drawings to intelligent three-dimensional models
Building Information Modeling Ethat are goal-oriented and data-driven. Unlike conventional design environments that
(BIM) irely on geometric shapes such as lines, squares, and circles, BIM utilizes architectural
Istanbul Technical University i components like walls, doors, and windows, offering a more integrated and realistic

Tabriz Islamic Art University Edesign process. Considering the growing importance of applying such technologies in

i architectural education, the aim of this study is to evaluate the capacity for adopting new
i technologies, with a particular emphasis on BIM, in architectural education at Istanbul
i Technical University and Tabriz Islamic Art University.
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ETHODS: This study employs a mixed-method approach, combining both
: quantitative and qualitative methods, with an applied purpose and a descriptive-
i analytical nature. For data analysis, Structural Equation Modeling using AMOS software
iand Q factor analysis using SPSS software were utilized. The statistical population includes
{architecture students and professors from Istanbul Technical University and Tabriz Islamic
gArt University. Based on the Cochran formula, the student sample size for each university
iwas determined to be 384 individuals. For professors, using a purposive Delphi method,
ithe sample size was set at 8 for each university. In the first phase of the study, the
i components influencing architectural education, specifically in relation to the BIM model,
% i were identified. Following this, architecture students were surveyed to assess the quality

of each of these components, and the results were evaluated through structural equation
i modeling using AMOS software. The identified components include educational content
i (EC), educational process (EP), and institutional capacity and professors (ICP). Additionally,
ito explore the factors affecting the acceptance of new technologies such as BIM in

%architectural education, interviews were conducted with professors from the universities
v i under study, and the findings were analyzed using Q factor analysis in SPSS.
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Number of Figures INDINGS: Theresearch findings show that, in the context of integrating new technologies

a such as BIM into architectural education, the critical values for all three variables of
T éeducaﬁonal content, educational process, and institutional capacity and professors at
i Istanbul Technical University were above 1.96, indicating a statistically favorable condition
= iat the 95% confidence level. In contrast, at Tabriz Islamic Art University, only the variable
Number of Tables irelated to institutional capacity and professors exceeded the critical value of 1.96, while

6 ipoth educational content and educational process were found to be in an unfavorable
i state.
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?In addition to the quantitative assessment of architectural education at Istanbul Technical

§University and Tabriz Islamic Art University—focusing on the teaching of specialized
i new technologies such as BIM—interviews were also conducted with students to gather
{ qualitative insights.

ONCLUSION: Studies conducted at Istanbul Technical University and Tabriz Islamic

Art University indicate that BIM technology has not yet been incorporated into the
architectural educational content at either university. However, given the existing capacity
i at Istanbul Technical University, the integration of this technology is feasible. Considering
i the necessity of adopting new technologies in architecture and the importance of training
Eprofessional architects, it is essential to enhance the educational content, educational
%processes, and the capacities of universities and their faculty to improve students’
i competencies in architectural principles and their ability to engage with various models
i and methodologies.
i While Istanbul Technical University possesses the full capacity to support this process,
Tabriz Islamic Art University faces fundamental shortcomings, particularly in its educational
i content and teaching processes.

{ HIGHLIGHTS:

i - Architectural education at different levels is a form of higher education that has a special
i system due to its role and professional status and unlike many educational fields, it has a
i special method and process.

- Considering the importance of integrating new technologies in architecture education in
i order to improve students’ skills and ease of entering the professional labor market, it can
i be said that architectural education based on the BIM application model is an inevitable
necessity for the training of professional architects.
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Fig. 2. Architectural education based on BIM model

Table 1. Factors influencing architectural education with an emphasis on new technologies (BIM)

Main components

Educational
content (EC)

Educational
process (EP)

Institutional
capacity and
Masters (ICP)

Subcomponents

Objectivity and transfer of external knowledge to the learner EC1, problem-based
learning EC2, familiarity with the method of combining and blending knowledge,
skills, and values EC3, growth of management capabilities and participation in
group work EC4, emphasis on new educational models and technologies such as
BIM EC5.

Constructing meanings and concepts through experience in the learner's mind
EP1, the hierarchy of learning (insight, information processing, and
comprehension) EP2, the educational process based on individualized instruction,
programmatic instruction, and computer-based instruction EP3, assessing
learners' competence at the end of the academic year and education EP4,
evaluating learners' competence in utilizing learned knowledge and competence
in the real workplace EPS5.

Creating appropriate content for learning (in theoretical and practical dimensions)
ICP1, Challenging current ideas of the learner and creating opportunities for
thinking and exploration ICP2, Creating appropriate relationships between actors
such as educators (professors), the institution, and learers ICP3, Professors'
mastery of new models and approaches such as BIM ICP4, Appropriate capacity
of the institution (university) in terms of the existence of workshops and the ICT

References

(Ergenoglu, 2015; Kvan &
Yunyan, 2005)

(Deamer & Bernstein, 2011;
Dojman, 2010)

(Russell et al., 2014; Nikolov
etal, 2016)

environment ICP5, Benefiting from responsible professors to develop learners'

learning ICP6.
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Table 2. Explanatory reliability analysis of independent and dependent variables in structural equation modeling

Variables

CR AVE CA AENT EC EP ICP

Istanbul Technical University
Architectural education with an emphasis on new technologies (AENT) 0.72 0.642 0.84 0.847

Educational content (EC)
Educational process (EP)
Institutional capacity and Masters (ICP)

Tabriz University of Islamic Arts

Architectural education with an emphasis on new technologies (AENT) 0.71 0.629 0.81 0.826

Educational content (EC)
Educational process (EP)
Institutional capacity and Masters (ICP)
*p <0.05.

0.76  0.668 0.80 0.692*  0.825

0.78 0.685 0.79 0.577* 0.582* 0.801 -
0.81 0.701 0.75 0.631* 0.609* 0.625* 0.792
0.73 0.651 0.76 0.581* 0.813

0.75 0.663 0.73 0.615* 0.592* 0.796

0.78 0.682 0.72 0.624* 0.637* 0.656* 0.773
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Table 3. Confirmatory factor structure statistics of the structural relationship between independent and dependent
variables

Variables

x? df P x? /df CFI  IFI RMSEA

Istanbul Technical University

Architectural education with an emphasis on new technologies (AENT) 89239 383 0.000 233 0951 0.927 0.02

Educational content (EC)

903.88 383 0.0002 236 0917 0919 0.03

Educational process (EP)

911.54 383 0.000 238 0933 0942 0.02

Institutional capacity and Masters (ICP)

923.03 383 0.001 241 0925 0938 0.04

Tabriz University of Islamic Arts

Architectural education with an emphasis on new technologies (AENT) 865.58 383 0.000 226 0921 0913 0.04

Educational content (EC)

877.07 383 0.003 229 0938 0.944 0.02

Educational process (EP)

884.73 383 0.001 231 0909 0926 0.05

Institutional capacity and Masters (ICP)

896.22 383 0.002 234 0947 0.930 0.03

Istanbul Technical University Tabriz University of Islamic Arts

Fig. 3. Architecture of the communication structure of existing capacities in the direction of architectural education
with an emphasis on new technologies

Table 4. Regression coefficient and values of partial indices related to components

University Indicators/Variables Regression coefficient  Critical value P Result
Istanbul Technical University Educational content 0.622 3.14 0.000 Approval
Educational process 0.469 231 0.000 Approval
Institutional capacity and faculty 0.673 3.65 0.000 Approval
Tabriz University of Islamic Educational content 0.347 1.52 0.101  Reject
Arts Educational process 0.318 0.93 0.173 Reject
Institutional capacity and faculty 0.475 2.63 0.001  Approval
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Table 5. Factor analysis matrix and factor classification

Sample
First factor
Sample 3 0.804
Sample 5 0.771
Sample 8 0.759
Sample 10 0.714
Sample 12 0.683
Sample 13 0.659
Sample 1 0.641
Sample 11
Sample 2
Sample 7
Sample 14
Sample 9
Sample 4
Sample 6
Sample 15
Sample 16

Extracted factors Educational organization

Factor

Second factor Third factor

0.781

0.745

0.721

0.673

0.624
0.742
0.701
0.657
0.613

Educational content Professional professors

Table 6. Total variance explained in the Q factor analysis model

Factors Special amount
First factor 3.813
Second factor 2.562
Third factor 1.746

Percentage of variance

Cumulative variance percentage

36.452 36.452
25.638 62.09
17.491 79.581
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Fig. 4. The role of BIM in architectural education and improving students’ skills

Biils yo el J5b La g, g LaJow Elol yo il
lgizo ylaie 5l 5 13 codul i ol iils Ll o)lo
c\_‘v Ulﬁ_'kfa ‘S‘oy—w‘ )_..Q Olia.u—"u) )b ledJ)D u‘)l_o.’.o

wly ashily o5 slaolypa iy

5 —2590] Slgze ;0 i o jgol (Glg—imo

Ll g 0 jelateds g SlaoSog) (i 540
U ey CBise ol lgm il Sl
Sl =96l Slymme 53 (6 ympdySllanil . iy
BIM (52ten (550l (g5 sLod S0, 5 Lo o
e L 6,15 53 oLzl 90T Sl

S5l jebied ogas g g sLasks
slanl glad > hlass co i 5 Glgmiils codo
e hjg—sl il peal b

= G = s
3 pmeplin g (Sl colw sbwly o S o g el

Obgmiils (b 50 4 o 35k
= G g3l osloml iailonl g ol byl
e oo 5 L 38l 5y sl Ll s
ICT Lo g Laols,lS docal o, L)l .o
e (sl Cnd )b Sl sl s ol

BIM (52een 9

1. Building Information Modeling
2. British

‘sﬂé)dé 9 ’.ima" 3y
&Ll (ol
295 ol pladl o 4 S as s co el B s

G S Al g Sy

Jpa e sy Sy ez LM (g5 o

30 Soalen iily g ,Lael gl s a S cula = LS
8 i ydol y ol jo gleilw (5059, S 3,9
ol g e 4l g oy 5 il (o
1, 6y i BIM (sLa 35810 5 31 ool Ly o,
bl )3 0392 plelo 5 OBk Lol sl -
S e g Sl g Sl d) A (A d9 g
Oly—ise S st 05 (oo S l; Oloread
505 L BIM sl l38le 5 gl i a S 5, olysic
3 CAD sl gos aws g5l Jow sl )l58le 5
play L el ..\.uT)s J5 ote Sl (6 5luo 3
Ly BIM sla, 3l 5 il oyl 50 ol o oIy
& slwo >3 Ly (Data Base) ools o8 L S iils
ol g ooyl o eyl JS e |, o] el
e—plon uoli8l A o g a8 ST ila
5 4 el Lo o lgs 5 Lol ials
azgi b imen Sl Jlds an | clS il
4 sloJae (—2ren BIM sl )l 5 oy 5o 4y
9 0r—e Sluilos (Lo 55— aalipy 0fg,— o
5 3=l Jbos w039, (sl 0 o2 w039 S5l —
Gl jetaieay Lo lidle 5 ol co s IS ol
S92 Solome gl 5o Flatlos cledlll
5 Josliwl 8 oS _iils 90 o o )y 0 il oo
(5398 ol 8 ol 1 ST 55 el
Soloro (—bjgal (Glo—iore o oK _iils 3l plaSxe yo
Syzge Ledib an ez g L Jlo ol b oot iy o3
SN SR VYN O I [P S0 PO POV T JPA L L
Slasygld Cmn)5 D90 a4z g L e
b sl > Q‘gl 2o Sy 9}5} o ) 9
byl g (—higel ol B Bjgel (Glytons 4S5 El
St 4 e L5 ol L5 ol 5 laolS_ils
S 5 5yl Syl it gty Sl

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\p
(73




99

1

9

ay
) J
q

N
b )
| T

&)

s

190—Y+A Slxio /Y 0 5low . 10 099 VPt (b 9 3l

B

Gl 5ed g wiog iz

beolos [ Jb b
el 0o (5,155 B o g lawgs (69,90
OB aewn 98 Cad giomnn 9 5 )Ll

i yobay 05l o el Bai g

JLed a8 )l adlae (0,55 ¢ Lingh plosl J=l e
Al 5 Sl gizms plad Codgins ol job a5 a il

10.

11.

Wpdy oo |y adlie jo cubanes
References ]

Agirbas, A. (2020). Teaching construction sciences
with the integration of BIM to undergraduate ar-
chitecture students. Frontiers of Architectural Re-
search, 9, 940-950.

Al-Bayari, O., & Shatnawi, N. (2022). Geomatics
techniques and building information model for his-
torical buildings conservation and restoration. The
Egyptian Journal of Remote Sensing and Space Sci-
ences, 25, 563-568.

Anderson, T., Howe, C., Soden, R., Halliday, J., &
Low, J. (2001). Peer interaction and the learning
of critical thinking skills in further education stu-
dents. Instructional Science, 29(1), 1-32.

Azhar, S. (2011). Building information modeling
(BIM): trends, benefits, risks, and challenges for
the AEC industry. Leadership and Management in
Engineering, 11(3), 241-252.

Azhar, S., Nadeem, A., Mok, J.Y.N., & Leung,
B.H.Y. (2008). Building information modeling
(BIM): a new paradigm for visual interactive mod-
eling and simulation for construction projects. Pro-
ceedings of the First International Conference on
Construction in Developing Countries. Karachi,
Pakistan, pp. 435-446.

Becerik-Gerber, B., Gerber, D.J., & Ku, K. (2011).
The pace of technological innovation in architec-
ture, engineering, and construction education: inte-
grating recent trends into the curricula. Journal of
Information Technology in Construction, 16, 411-
432.

Berwald, S. (2008). From CAD to BIM: the expe-
rience of architectural education with Building In-
formation Modeling. Proceedings of Architectural
Engineering Conference (AEI). Denver, Colorado.
Boeykens, S., De Somer, P., Klein, R., & Saey, R.
(2013). Experiencing BIM collaboration in educa-
tion. Computation and Performance e Proceedings
of the 31st Education and Research in Computer
Aided Architectural Design in Europe Conference
(eCAADe). Delft University of Technology, Delft,
the Netherlands, pp. 505-513.

Bouzas, O., Cabaleiro, M., Conde, B., Cruz, Y., &
Riveiro, B. (2022). Structural health control of his-
torical steel structures using HBIM. Automation in
Construction, 140, 1-14.

Chen, Y., Yin, Y., Browne, G., & Li, D. (2019).
Adoption of building information modeling in Chi-
nese construction industry. Engineering Construc-
tion & Architectural Management, 26(9), 1878-
1898.

Chu, S.K.W., Reynolds, R.B., Tavares, N.J., Notari,
M., & Lee, C.W.Y. (2017). 215t century skills devel-
opment through inquiry-based learning: from theo-
ry to practice. Singapore: Springer Science+Busi-
ness Media.

O P AV I P SR TORUS IC DU SN

W sayuwsb

ole,COPE 5| Jgol wlwlply sole 31 ,Ls]
3l s olew 31 So e 5l &gy g asiles S
Bi> 5o adlie Lol 5l e o B el

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A2 oo ddo a1 050 (6, g adlie

Deamer, P., & Bernstein, P.G. (2011). BIM in Aca-
demia. Yale School of Architecture, CT.
Demirbas, A. (2017). Tomorrow’s biofuels: Goals
and hopes. Energy Sources, Part A: Recovery, Utili-
zation, and Environmental Effects, 39(7), 673-679.
Ding, Z., Zuo, J., Wu, J., & Wang, J. (2015). Key
factors for the BIM adoption by architects: a China
study. Engineering Construction & Architectural
Management, 22(6), 732-748.

Domjan, M. (2010). Principles of learning and be-
haviour. 6e. Belmont, CA: Wadsworth/Cengage.
Eastman, C., Teicholz, P., Sacks, R., & Liston, K.
(2008). BIM Handbook A Guide to Building Infor-
mation Modeling for Owners, Managers, Design-
ers, Engineers and Contractors. John Wiley &
Sons, Hoboken, NJ.

Ergenoglu, A.S. (2015). Universal design teaching
in architectural education. Procedia-Social and Be-
havioral Sciences, 174, 1397-1403.

Farshihaghi, Zohreh; Mahmoudi-Nejad, Hadi; Na-
seri, Gholamhossein and Dadashi, Mehdi. (1400).
Evaluation of the application of biomimicry knowl-
edge in architectural design education using the
method of analogy from nature. Sustainable Ar-
chitecture and Urban Planning, 9(2), 112-97. [In
Persian]

Ford, S., & Minshall, T. (2019). Invited review ar-
ticle: where and how 3D printing is used in teach-
ing and education. Additive Manufacturing, 25,
131-150.

Garcia-Gago, J., S"anchez-Aparicio, L.J., Soilan,
M. & Gonz'alez-Aguilera, D. (2022). HBIM for
supporting the diagnosis of historical buildings:
case study of the Master Gate of San Francisco in
Portugal. Automation in Construction, 141, 1-19.
Gharibpour, Afra & Totunchi Moghadam, Maral.
(2016). Evaluation of undergraduate architecture
education programs in Iran from the perspective
of paying attention to cultural components. lranian
Architectural Studies, 5(10), 141-160. [In Persian]
Guidera, S.G. (2006). BIM applications in design
Studio: an integrative approach developing student
skills with computer modelling. Synthetic Land-
scapes - Proceedings of the 25th Annual Conference
of the Association for Computer-Aided Design in
Architecture (ACADIA). University of Kentucky,
Lexington, Louisville, Kentucky, 231-227.
Haghshenas, M., Hadianpour, M., Matzarakis, A.,
Mahdavinejad, M., & Ansari M. (2021). Improving
the suitability of selected thermal indices for pre-
dicting outdoor thermal sensation in Tehran. Sus-
tainable Cities and Society, 27, 1-13.

Hardin, B. (2009). BIM and Construction Manage-
ment. Wiley, Indianapolis.

Haskel. R.E. (2002). Transfer of Learning, Cogni-



ee BIM Joo 3 056 4 (98 S0 o515 (46> 31 (5 sloo 90T 3 (Sl

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

tion, Instruction, and Reasoning. American Psy-
chological Association (APA).

Jarvis, P. (2005). Adult Learning in the Social Con-
text. London: Routledge.

Khodeir, L.M. (2018). Blended learning methods as
an approach to teaching project management to ar-
chitecture students. Alexandria Engineering Jour-
nal, 57, 3899-3905.

Kocaturk, T., & Kiviniemi, A. (2013). Challenges
of integrating BIM in architectural education. Com-
putation and Performance - Proceedings of the 31 st
Education and Research in Computer Aided Archi-
tectural Design in Europe Conference (eCAADe).
Delft University of Technology, Delft, the Nether-
lands, pp. 465-473.

Kvan, T., & Yunyan, J. (2005). Students’ Learning
Styles and Their Correlation with Performance in
Architectural Design Studio. Design Studies, 26
(1), 19-34.

Kymmell, W. (2008). Building Information Model-
ing: Planning and Managing Construction Projects
with 4D CAD and simulations. McGraw e Hill Con-
struction Series, New York.

Luchman, S.J. (1997). Learning is a Process: To-
ward an Improved Definition of Learning. The
Journal of Psychology, 131(5), 477-480.
Macdonald, J.A., & Mills, J.E. (2011). The potential
of BIM to facilitate collaborative AEC education.
Proceedings of the 118th American Society of En-
gineering Education Annual Conference (ASEE).
Vancouver, Canada, pp. 1-7.

Mandhar, M., & Mandhar, M. (2013). BIMing the
architectural curricula: integrating Building Infor-
mation Modelling (BIM) in architectural education.
International Jounal of Architecture, 1(1), 1-20.
Matheou, M., Couvelas, A., & Phocas, M.C.
(2020). Transformable building envelope design in
architectural education. Procedia Manufacturing,
44, 116-123.

Nazidizaji, S., Tome, A., Regateiro, F., & Ghalati,
A K. (2015). Narrative ways of architecture educa-
tion: A case study. Procedia-Social and Behavioral
Sciences, 197, 1640-1646.

Nikolov, R., Shoikova, E., & Kovatcheva, E.
(2016). Competence based framework for curric-
ulum development. PICTET: EQF-based profes-
sional ICT training for Russia and Kazakhstan (pp.
309-323).

Oluwatayo, A., Opoko, A., Ezema, 1., & Irohma,
0. (2016). How do students perceive their employ-
ability readiness: the case of architecture students.
In: 3rd International Conference on African Devel-
opment Issues (CUICADI). Covenant University
Press; 2016. p. 193-195.

Ongardwanich, N., Kanjanawasee, S., & Tuipae, C.
(2015). Development of 21st century skill scales as
perceived by students. Procedia-Social and Behav-
ioral Sciences, 191, 737-741.

Rahbar, M., Mahdavinejad, M., Bemanian, M.,
Davaie Markazi, A.H., & Hovestadt L. (2019).
Generating Synthetic Space Allocation Probability
Layouts Based on Trained Conditional-GANSs. Ap-
plied Artificial Intelligence, 33(8), 689-705.
Rahimzadeh, Mohammad Reza; Gharibpour, Afra
and Shahpari, Anahita. (2019). A comparative study
of the educational programs of the non-continuous

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

1R0—YA coloniso /Y 0 ylais . 18 0598 . VP siano 9 300l

master’s degree course in architecture. Letter of Ar-
chitecture and Urban Planning, 13(29), 73-95. [In
Persian]

Rogers, J., Chong, H., & Preece, C. (2015). Adop-
tion of building information modelling technology
(BIM). Engineering Construction & Architectural
Management, 22(4), 424-445.

Russell, D., Cho, Y., & Cylwik, E. (2014). Learning
opportunities and career implications of experience
with BIM/VDC. Pract. Period. Struct. Des. Con-
struct. 19, 111-121.

Sabongi, F. (2009). The integration of BIM in the
undergraduate curriculum: an analysis of under-
graduate courses. Proceedings of the 45th Annual
Conference by Associated Schools of Construction.
Gainesville, FL.

Santos, R., Costa, A.A., Silvestre, J.D., & Pyl, L.
(2019). Informetric analysis and review of litera-
ture on the role of BIM in sustainable construction.
Automation in Constructionm, 103, 221-234.
Sedaghati, Abbas and Hojjat, Isa. (2019). Com-
paring the success rate of architectural education
courses after the Cultural Revolution. Architectural
Thought, 4(7), 44-57. [In Persian]

Simeone, D., Cursi, S., & Acierno, M. (2019). BIM
semantic-enrichment for built heritage representa-
tion. Automation in Construction, 97, 122-137.
Talebi, Zeinab; Habib, Farah and Etesam, Iraj.
(2016). The necessity of workshop training in
empowering urban planning students in applying
knowledge from the perspective of constructivist
learning models. Urban Management, 45: 57-72.
[In Persian]

Techel, F., & Nassar, K. (2007). Teaching building
information modeling (BIM) from a sustainability
design perspective. Embodying Virtual Architec-
ture - Proceedings of 3rd International Conference
of the Arab Society for Computer Aided Architec-
tural Design (ASCAAD). Alexandria, Egypt, pp.
635-650.

Vinsova, 1., Achten, H., & Matejovska, D. (2015).
Integrating BIM in education: lessons learned. Real
Time - Proceedings of the 33rd Education and Re-
search in Computer Aided Architectural Design in
Europe Conference. Vienna University of Technol-
ogy, Vienna, Austria, pp. 127-131.

Woo, J.H. (2006). BIM (building information mod-
eling) and pedagogicalchallenges. The 43rd Annual
Conference by Associated Schools of Construction.
Northern Arizona

Wu, W., & Issa, R.R.A. (2014). BIM education and
recruiting: surveybased comparative analysis of is-
sues, perceptions, and collaboration opportunities.
Journal of Professional Issues in Engineering Edu-
cation and Practice, 140(2), 1-13.

Yan, W. (2010). Teaching building information
modeling at undergraduate and graduate levels.
Future Cities - Proceedings of the 28th Education
and Research in Computer Aided Architectural De-
sign in Europe Conference (eCAADe). ETH Zurich,
Switzerland, pp. 97-106.

Yin, X., Liu, H., Chen, Y., & Al-Hussein, M.
(2019). Building information modelling for off-site
construction: review and future directions. Automa-
tion in Construction, 101, 72-91.

o

L |

c

];.>

[ -

[y

l-»
-~

i

[0

I

\p
(73




