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Fig. 1 The comparison of workflow of conventional construction process and BIM concepts (MacLeamy, 2004;
Bastani & Mahmoodi, 2018)
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Fig. 2 Architectural modelling and presentation
(Autodesk, 2018)

Fig. 4 Structure model and analysis
(Autodesk, 2018)

o Gl Jeily g o9y a4y 50 lais L Oledis!
Ayl o Lal aas ailyglid punlas 4o

OleMb! g 5law o primmimn—w (63 1,5 AL —V-Y
ol b
6,55 o Jow g s (6055 Al p SO izl
Lg as L{bwLw).s) 9059, Lo pde s)'ij Colw ‘L;‘>|)Jo
Al g (e e OIS0 Jilas g aiyje 0 1S
Joe aileas sl )] pogie 4l il colv ce
Wieigd Jde G leisluw Sledbl (g5l Jow pimnw

A (g5 s (8 ot 3 B

5 12 e 1 55 sl a4 el olins 5 | Fais;
Lo o e lalid alox ) Slazsls slagi o
(Sl Bl i o iy o5 085 Lo LIS ) oyt
JCUCIONI 1S T LN PCET I 1S (X BPS HIVY KW
@SB sladae p ol Sldlbl loae

Fig. 3 Mechanical, electrical and plumbing (MEP)

modelling (Autodesk, 2018)

Fig. 5 Construction schedules and lists
(Autodesk, 2018)

Fig. 6 Sustainable architecture analysis (Autodesk, 2018)
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1 Proce.ss and'control 27 13.78%
simulation
2 Sustainability issues 29 14.80%
(green-Lean)
3 Standards 4 2.04%
4 Maturity 3 1.53%
5  Organizational Adoption 12 6.12%
6 Building 1gf0rmat10n 25 12.76%
services
7 Real-life Cases 25  12.76%

8  Training and Education 2 1.02%
9  Industry-wide Adaption 17 8.67%

10 Conceptual boundaries 38 19.39%
1 Bu11d.1ng 1nfqrmat10n 7 3.57%
integration
1 Emﬁ:rgency response — 7 3.57%
risk management
Total 196 100%
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Table 2: The characteristics of BIM educational courses and programs at selected universities around the world

University/ country Degree Course Department Time Objectives/ cour se content
Digital Graphi ini
Montana State Bachelor’s igita rz?p ics _ . Tran'nng BIM syste@ to
) . and Design Architecture 6 months architecture students in the
University/USA degree . .
(Introductory) graphic and design courses

e Training BIM  software

University of Bachelor’s Computers in applications
Wisconsin- Architecture Architecture 6 months pp ) c
Milwaukes/USA degree (Introductory) e Graphic tutorial for students
based on CAD and BIM
N e Training basics and concepts
New Jer sey institute of . . . .
Techr??)lyo JUSA Design Studio Architecture 6 months of the BIM system in
9y architectural design Studio
e Applying the computer in
architectural  design  and
structi
Architectural z)nslr%lc ron Buildi
L]
MIT/USA Construction and Architecture 6 months PP ymg_ . uriding
Computation: Information Modeling (BIM)
’ Software
e Presenting digital projects
using CAD and BIM
Building .
. . . . e BIM and Advanced modeling
University of South Information . ]
WalesUK M.A Modelling and Architecture 3 years e Information management and
Sustainability sustainability
e Concepts of BIM and
Buildi integrated project delivery
. . uilding . .
University of . . . Model h
. y M.A Information Architecture 1 year ° . ode m‘f” and -exc anging
Liver pool/UK Modelling (BIM) information in BIM
& environment
e BIM and sustainable design
Computers and
University of New Bachelor Information e Concepts, processes and
y degree — Technology . theory of BIM
South Waled - . Architecture 54 hours ) . .
Ausiralia private /Design e Modeling techniques in the
courses Collaboration/ BIM system
Parametric Design
Lulea University of Virtual e Virtual design and
Technology/ Construction construction methods

Sweden o Construction processes
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e BIM in architectural design
and programming

Norwegian U. of Sc. & Bachelor’s Design of e Pre-construction based on
Tech/. deoree buildings and Architecture BIM modeling
Norway & infrastructure e Virtual modeling in
architectural design
e Infrastructure design
Digital Building
Copenhagen , Design (Project o Construction management
. ; Bachelor’s . L .
University deeree web, BIM, IFC, Architecture 3.5years e Designing and applying BIM
Denmark g Lean system
Construction)
e BIM in design and pre-
. Interdiscipli Information construction
Architecture Dept. . . o
nary Management for . e BIM in intelligent building
HUT/ . Architecture .
. Research Architect design
Finland L
course BIM initiative e BIM and the ecosystem
e BIM in project management
Elnflneer;ng ) e The application of the
University College M.A and frorma 10r¥ information modeling
. . Technology in .
Dublin/ Virtual . Architecture 1 year o Software
. Architecture,
Ireland education e Energy management

Engineering and

Construction

e Structural analysis
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Fig. 8 Scopes contributing to BIM education
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Table 5: Frequencies observed, expected, and
residuals for the second research hypothesis

w2 w2
L - L 4
2% 8T %
Parameters S5 23 S
=2 3¢ 3%
(0] ()
= O - O [
a9 o3
Teaching with related
EW 91 1053 -143
software
Using courses with
1§ courses wi 57 1053 -483

the sole focus of BIM
Teaching BIM along

with other courses
Total 316

168 1053 627
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D)5 (50 Sl o9 485 Variable Range Frequency
Table 4: Frequencies observed, expected, and 23-27 63
residuals for the first research hypothesis Age 28-35 76
2 2 36-45 61
29 29 4
3} S 3 < Female 86
Parameters % é g’_ é 'é Gender Male 114
S8 2% & , Bachelor's degree 50
= - Educational Master's d 133
S level aster's degree
116 1248 -8.8 Ph.D. 17
Undergraduate 15 59
Undergraduate 182 1248  57.2 e:esrrisegie 6-10 77
Master’s course 182 124.8 57.2 P 11-15 64
Ph.D. course 64 124.8 -60.8 . s ¥
Outside academic TRIEmET
icul e 45 45 3 ) s S iyl sy
| curneutum, 145 1248 202 M PO
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Table 6. Results on One-sample t-test for the third hypothesis

Test value =3

Estimated distance for

. . > o — o
Architecture curriculum % = 8 o % 5 % average differences =
courses e S g Q > S5 based on 95% CI 5
g = % a o =g &
- - e = Lower Upper
ArCh“eS"ttl‘:gil) design 500 428 23684 199 0000 1380 127 1.49 Ho rejected
Concepts and mental 200 347 6267 199  0.000  0.470 0.32 0.62 Ho rejected
imagery
Modeling and Rendering 200  3.41 4.704 199  0.000 0.410 0.24 0.58 Ho rejected
Data integration 200 422 27.175 199  0.000 1.225 1.14 1.31 Ho rejected
Ability to work with other 55 4 49 31955 199 0000  1.485 1.39 1.58 Ho rejected
disciplines
Execution and 200 420 2238 199  0.000  1.195 1.09 1.30 Ho rejected
prefabrication
Structure 200 412 22220 199 0.000  1.120 1.02 1.22 Ho rejected
MEP Documents 200 4.16 24.819 199  0.000 1.155 1.06 1.25 Ho rejected
Quantity takeoff and costs 05 4 65 49050 199 0000  1.620 1.54 1.70 Ho rejected
and time estimating
Analysis ‘;gi’l‘:ldmg life 500 399 19.007 199 0000 0990 0.89 1.09 Ho rejected
Project managementand 555 455 29551 199 0000  1.550 1.45 1.65 Ho rejected
construction
Digital manufacturing 200  3.83  12.306 199  0.000 0.825 0.69 0.96 Ho rejected
Risk management 200 393 15.603 199 0.000  0.925 0.81 1.04 Ho rejected
Sustainability 200 429  23.538 199  0.000 1.265 1.16 1.37 Ho rejected

Table 7: Friedman ranking test for prioritizing the importance of employing BIM in architectural curriculum

courses

s D —

=] (SR < [}
< — =) [ > 4
Architecture curriculum courses ; é‘ _g 3 73, Q % g
g S o a o =

s 5 3
Architectural design Studio 8.72 4
Concepts and mental imagery 5.01 14
Modeling and presentation 5.11 13
Data integration 7.61 7
Ability to work with other disciplines 9.04 3
Execution and prefabrication 7.76 6
Structure 7.28 9
MEP Documents 7.44 200 500.668 13 0.000 8
Quantity takeoff and costs and time 967 |

estimating ’

Analysis of building life cycle 6.85 10
Project management and construction 9.44 2
Digital manufacturing 6.44 12
Risk management 6.68 11
Sustainability 7.96 5
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Table 8: Relative and absolute frequency of the applicability of BIM system in the field of architectural design

Architectural design field

Course title

Frequency (%) Modeling Theory Management

Architectural expression 1 0 (0%)

Architectural expression 2 0 (0%)
Architectural expression 3 11 (5.5%) .

Architectural preliminaries 1 0 (0%)

Architectural preliminaries 2 0 (0%)
Architectural preliminaries 3 17 (8.5%) .

Sketch 1 0 (0%)

Sketch 2 0 (0%)

Village analysis and design 7 (3.5%)

Architectural design 1 7 (3.5%)
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Architectural design 2 19 (9.5%) .
Architectural design 3 23 (11.5%) .

Architectural design 4

161 (80.5%)

Architectural design 5

153 (76.5%)

Urban space design

18 (9%)

final design

137 (68.5%)

Table 9: Relative and absolute frequency of the applicability of BIM system in the field of software application

and digital project presentation

Field of software application and digital
project presentation

Course title

Frequency (%)

Modeling

Management

Digital architecture presentation

77 (38.5%)

Digital architecture design and construction

142 (71%)

Table 10: Relative and absolute frequency of the applicability of BIM system in the field of structure repair and

maintenance
Structure repair and maintenance .
Frequency (%)  Modeling Theory Management
Course title
The principles of protection and restoration 22 (11%)

The principles and methods of performance of
architectural heritage

105 (52.5%)

Table 11: Relative and absolute frequency of the applicability of BIM system in the field of building techniques

Building techniques

Course title

Frequency (%)

Modeling Theory Management

Mapping 45 (22.5%) .
Regulating environmental conditions 105 (52.5%) .
Electrical facilities 78 (39%) .
Mechanical facilities 78 (39%) .
Building systems 33 (16.5%) .

Stagnation 0 (0%)
Resistance of materials and metal structures 77 (38.5%) .
Design of concrete buildings 79 (39.5%) .
Cost Estimation 157 (78.5%) .
Management of Studio organizations 167 (83.5%) .

Building Materials 10 (5%)
Building 1 45 (22.5%) .
Building 2 51 (25.5%) .
Technical design 145 (72.5%) .
Mathematics and Architecture 22 (11%) .
Modern building technologies 38 (19%) .

The basics of earthquake engineering for architects 31 (15.5%)

Crisis design 14 (7%) .

Internship 0 (0%)

Architecture and construction Studio

27 (13.5%)
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Fig. 9 Proposed framework for BIM training

industry and career




& URBANISM, VOL. 10, NO. 18
FALL & WINTER 2020

162 I

SCIENTIFIC JOURNAL OF IRANIAN ARCHITECTURE I sl 65l 2t 9 (6 plaro sode 4 it

I 7Y

YaA uLuM) 9 ).ub A a)Lw.'za AR 099

Goigel 0 0T Caz 5 3l9e Saenl sl o

Wl e i 4 il

45)'35")'?:‘. L ‘)“-\—.’.l—.f. G)L‘“’" 4o d>gf D9, 0 -
30 Gleizle Sledbl (g5lu Jow pin—w by Jomiliy
loas jo Gials 5 6550 (g5l

Gl g ol s jo Gledsl (5,5l8 0,90 Sloa iy -
Sl s praaw a5 Oledbl (6,53 5l oolail (51
W QT )'| S OLoS_é-L,.» SleMs!

o554 u—“i’)'ﬁ‘i sleo,g0 5l ool wl b o590l -
S 3 el sibme slagTl e b e
9 Edd)}c Sldlas 9 45‘)‘ sk_)la.l).o.’ )») UL’W‘O le.o.c

s 5l eolawl -

5 =0isel Ll 50 4z LS slags

gl Jole sl el 5 (b oed G Sledbl ol

555

e RELLE LR P
5 Solere (el 839> Lzl o plasslw oledlll
Sip b o Bigel gz ) ooy i o 8 sl
i (§4—0 5855 (G5l yim 5 (5,15 0558 (g5l
5 digy eotaban sl sl 5 plaislo Sledlbl 3L Jas
o)) Ban b Glonslo om0l 5l Jo—ol 3
Olrl )25 o plerlw caio al 2l 5 a5 whw
0,97 (0

Revit

ArchiCAD

Bentle

CAD: computer-aided design

General Services Administration (GSA)
Qualitative Comparative Analysis (QCA)

Nownkwb

Refrences

S5 A -F

i ol (Ll b gl (nl (S5 e
Ooygel calises abolie o yletlw Sledbl g5l Joe
Sz e—le 285 & ol S 6l Olnl s )lere
slin (g0l ol 5 baoj50 e 5 o] (3lmeoly
odls atin 5kl oyeesl mls 4 sleul b ail
ablis o Wlgh so plaizle Sledbl (g35lo Jow piommw a5
5 09— az8)S LS an olnl o sylene Gijgel il
g gz i)l 5 Jlgie (el sloe,go
Silmdde i 025 g aie lwosly 0oz )l
lrailge slice 5 gl bamms o Hlaislo SleSlLl
el 3 Fhe slrojem il Folis sains plls
ol 4 azgi b 55 Gleaslo SleMbl (g5loJoe
Oilplo ol a8 st a8 S plonl sl 2 g
2 Hleitlw Sledlb! 5l oo piwaw (jgel Bas
s 5 (5050 90 i latd WIS oo (5 lene &)
S 09h oy p las) Gloe O g G 9 008 75k
$jsel |y i (nl b Salos 859 &I by ils
9 %S0 bl (nl 516 wloe ol 2 Glinlyy (o
Sz o Gisel alom s Slaity wail el 0l
el Sl el gl &)l 5 i 5 dxgs

el Gzl Oledlbl (g5le Jos piancws

Ceigi ot

.Building Information Modelling l,; el jlazs! "o )

Abdirad H, Dossick C (2016). BIM curriculum design in architecture, engineering, and construction education:
a systematic review, Journal of Information Technology in Construction (ITcon), Vol. 21, No. 17, pp. 250-271.
Alwan Z, Jones P, Holgate P (2017). Strategic sustainable development in the UK construction industry, through
the framework of strategic sustainable development, using building information modelling, Journal of Cleaner
Production, Vol. 140, No. 1, pp. 349-358. Retrieved from http://dx.doi.org/10.1016/j.jclepro.2015.12.085 at 18
March.2017; 10:24:15AM.

Autodesk (2018). INSIGHT BLOG. Retrieved from https://blogs.autodesk.com/insight/solar-analysis-plugin-
now-available-for-revit/ at 18 May.2018; 04:10:15PM.

Bastani M, Mahmoodi S (2018). Idea and concept creation methods in architectural design process, Journal of
Fine Arts, Vol. 23, No. 1, pp. 5-18.[in persian].

BIMFORUM (2018). Retrieved from BIMForum.org: <http://www.bimforum.org/> at 18 May.2018;
05:07:45PM.

Cheng R (2006). Suggestions for an integrative education, The American Institute of Architects, Washington
DC: Report on integrated practice.

Clayton M (2006). Replacing the 1950’s curriculum, Proceedings of the 25th Annual Conference of the
Association for Computer-Aided Design in Architecture, Louisville, KY, pp. 48-52.

CPIC (2011). Building Information Modelling, Drawing is Dead- Long Live Modelling. Retrieved from
http://www.cpic.org.uk/en/bim/buildinginformation-modelling.cfm at 18 April.2011; 12:24:28PM.



\$ YV Lad oo Shoe yloduz Judod cgz oS 10 slojlxs CENTRALITY CRITERIA FOR ANALYZING THE 163
FUNCTIONAL LAYOUT OF SPACE

- De Masi A (2015). From knowledge to complex representation interpretation of material systems, survey
guidelines and reading criteria, multi-representations of 3D city models for Cultural Heritage. 2015 Digital
Heritage.

- Della Porta D (2008). Comparative analysis: Case-oriented versus variable-oriented research in approaches and
methodologies in the social sciences a pluralist perspectives edited by, Donatella Della Porta and Michael,
Keatng. Cambridge: Cambridge University Press.

- Denzer A, Hedges K (2008). From CAD to BIM: Educational Strategies for the Coming Paradigm Shift,
Architectural Engineering Conference (AEI), pp. 1-11.

- Eastman C (2008). BIM handbook: A guide to building information modeling for owners, managers, designers,
engineers, and contractors, Hoboken, NJ, Wiley.

- Eastman C, Teicholz P, Sacks R, Liston K (2011). BIM handbook: A guide to building information modeling
for owners, managers, designers, engineers and contractors, John Wiley and Sons.

- Hadzaman N, Takim R, Nawawi A (2015). BIM roadmap strategic implementation plan: Lesson learnt from
Australia, Singapore and Hong Kong, Raidén, A Band Aboagye-Nimo, E (Eds) Proceedings of the 31st Annual
ARCOM Conference, pp. 611-620. Lincoln, UK: Association of Researchers in Construction Management.

- Isikdag U, Underwood J (2010). A Synopsis of the Handbook of Research on Building Information Modeling,
Proceedings of CIB 2010 World Building Congress, Salford.

- Khemlani L (2007). AIA TAP 2007 Conference, AECBytes.

Retrieved from www.aecbytes.com/newsletter/2007/issue_31.html at 12 October.2007; 11:07:25AM.

- Kushwaha V (2015). Contribution of building information modelling (BIM) to solve problems in architecture,
engineering and construction (AEC) industry and addressing barriers to implementation of BIM, International
Research Journal of Engineering and Technology (IRJET), Vol. 3, No. 1, pp. 100-105.

- Kymmell W (2008). Building Information Modelling: Planning and Managing Construction Project with 4D
CAD and simulation, United State of America: Mc Graw Hill.

- Logothetis S, Stylianidis E (2016). BIM Open Source Software (OSS) for the documentation of cultural heritage,
Virtual Archaeol, Vol. 7, pp. 28-35.

- MacLeamy P (2004). Collaboration, integrated information and the project lifecycle in building design,
construction and operation.

Retrieved from http://codebim.com/wp-content/uploads/2013/06/CurtCollaboration.pdf.

- Nikbakht (2015). Building information modeling (BIM) in construction management at Iranian universities.
Islamic Azad University, Science and Research Branch, Master's Thesis, Construction Management, [in Persian].

- Puolitaival T, Forsythe P (2016). Practical challenges of BIM education. Structural Survey, Vol. 34, Nos. 4/5,
pp- 351-366.

- Puolitaival T, Kestle L (2018). Teaching and learning in AEC education — the building information modelling
factor, Journal of Information Technology in Construction (ITcon), Vol. 23, pp. 195-214. Retrieved from
http://www.itcon.org/2018/10.

- RIBA (2011). CPD Northern Network, Building Information Modelling and the Future, Retrieved from
http://www.architecture.com/Files/RIB AProfessionalServices/Regions/NorthEast/Events/.pdf.

- Smith D, Tardif M (2009). Building information modeling: A strategic implementation guide for architects,
engineers, constructors, and real estate asset managers, Hoboken, NJ, Wiley.

- Smith P (2014). BIM Implementation — Global Strategies, Procedia Engineering, Vol. 85, pp. 482-492.

- Waterhouse R, Philp D (2016). National BIM Report 2017, United Kingdom: National BIM Library.



I| Scientific Article

Recognition and Feasibility Study of
Implementing Building Information Modeling
(BIM) in Architectural Education in Iran*

Marjan Latifi Oskouie', Seyed Amir Saeid Mahmoodi?(Corresponding Author), Elham Nazemi®
'Ph.D. Candidate in Architecture, Department of Architecture, Najafabad Branch, Islamic Azad University,
Najafabad, Iran (latifimarjan @gmail.com)
2 Adjunct Professor, Department of Architecture, Najafabad Branch, Islamic Azad University, Najafabad,
Iran (amahmood@ut.ac.ir)
3Assistant Professor, Advancement in Architecture and Urban Planning Research Center,
Najafabad Branch, Islamic Azad University, Najafabad, Iran (elhamnazemi@par.iaun.ac.ir)

Received Revised Accepted Available Online
12/10/2019 16/03/2020 29/04/2020 21/07/2020

The Building Information Modeling (BIM) system is one of the most important
breakthroughs in the construction industry of the current era, and has the potential to
transform traditional architectural education into a more productive model. The
construction industry is considered to be one of the largest industries in the world,
playing a major role in the development of countries around the globe. In fact, the
impact of this industry is such that its recession can cause a recession in the whole
economy of any country, while its prosperity can pave the way for prosperity of the
whole economy of the country. Today, with the development of science and
technology, the construction industry is facing new avenues, bringing about major
changes therein, one of which is the BIM system. Consequently, with the development
of technology in this field, higher education, which always seeks to keep pace with the
industry, has confronted the challenge of accepting modern technologies and thus
shapes more effective educational strategies. Although Building Information Modeling
and its training courses are among the most important and sought-after subjects in
recent research literature in the world by leading countries, this new modeling, and
especially its training, has been widely neglected in Iran. The purpose of this study is
to propose a conceptual framework for getting familiarized with the exploitation of
building information modeling system in teaching Iranian architecture. In terms of
purpose, this study is an applied research which employs a mixed approach including
secondary case study, survey and focus group. The selection of the statistical population
was undertaken purposefully, as each component of this statistical population was
selected based on its relative knowledge of the building information modeling system
and the sample is consisted of 200 architectural graduates. The measurement error was
set at 0.05 and the level of reliability was 95%. The questionnaires were distributed
online and analyzed using SPSS. The validity of the questionnaires was assessed and
the reliability of the variables was calculated and confirmed by Cronbach's alpha test
with a coefficient of 0.876. First, the theoretical framework of the research was devised
using previous case studies and then the opinions of participants were obtained and
analyzed. Finally, the final framework was validated by a focal group of professors and
experts. According to the results of the Chi-Square test, the level and objectives of the
course were evaluated to be such that the BIM system could be used at different
educational levels and along with other training classes. Friedman test and one-sample
t-tests and were also used to select the content and measure importance of the courses,
in which the highest significance of the application of building information modeling
was witnessed in project management, sustainability issues and architectural Studio,
while the lowest significance of its application was obtained in the field of concepts

* This article is derived from the first author's doctoral thesis entitled " Developing a Building
Information Modelling Educational Framework for Architectural Education in Iran”, supervised
by the second author and advised by the third author, at Islamic Azad University (Najafabad
Branch).
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and mental imagination. Based on the findings, three areas of software and modeling,
concepts and theory, and information management recognized as effective in the
educational framework of BIM, and were thus recommended for consideration in the
curriculum of the undergraduate course in architecture. The final educational model is
proposed in combination at different educational levels. As such, the proposed
framework for teaching building information modeling system is divided into three
courses of elementary, intermediate and advanced, in which the students first learn the
individual skills in modeling and analysis in the bachelor's program of architecture,
then they learn the concepts and principles of building information modeling in the
master's program course. They can finally take part in advanced training courses related
to the building industry and profession based on teaching teamwork and
interdisciplinary collaboration and integration in real projects.

The results indicate that the educational objectives of the BIM system should
incorporate the principles of cooperation and integration, as the ultimate goal of
implementing a building information modeling system is generating integrated
knowledge. The building information modeling system can be taught as an independent
course or in combination with other courses such as architectural design Studios.
Therefore, recognizing the content of the course and the different fields of technology,
policy and processes, measuring the capabilities assigned to learners in the field of
technology, which is associated with gaining elementary knowledge in software,
hardware, shared platforms, and technological equipment and expertise in modeling,
project delivery and presentation techniques, requires an efficient and practical method,
for which using BIM system and testing concepts and practical principles is
recommended. On the other hand, regarding the subjects in the field of building
information modeling processes, i.e. management skills, which reveals the degree of
familiarity with the principles and rules for decision-making, and also measures and
evaluates the scope of policies, i.e. the legal capabilities, in which the theoretical and
standard skills of learners are considered, and finally regarding the theoretical and
analytical nature of these fields, oral presentation, conference and interview methods
are recommended. In the intermediate courses, this can lead to joint projects of
architecture, structures, and facilities for the application of cooperation, and in
advanced courses, it can lead to the presence and cooperation of learners in real projects
and integration. Therefore, given the opportunities and benefits that building
information modeling offers to the field of architecture and construction education,
there is an urgent need for education, promotion, legislation and creating proper
infrastructure in the field of building information modeling and its purposeful, optimal
and principled use of such up-to-date construction system with the aim of improving
the quality and executive level of the construction industry in Iran.
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