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Abstract

This study aims to analyze the key factors for the adoption and activation of Building
Information Modeling (BIM) technology in the construction industry and propose
effective strategies. The construction industry faces various challenges in project
management, particularly decentralization and a lack of integration, which are identi-
fied as major issues. To address these challenges, BIM has been introduced to improve
coordination, communication, and data management by providing digital representa-
tions across all stages, from design to construction. However, the adoption of BIM is
influenced by various complex factors, including technical, organizational, economic,
policy, and human factors. In this study, the Delphi method was used to collect and
analyze expert opinions. The Delphi method is a systematic approach that gathers
opinions through multiple rounds of surveys to achieve consensus among a group of
experts. The study’s findings indicate that policy and regulatory support, techno-
logical innovation, system development and infrastructure, standardization, education
and training, pilot projects, human resource development, awareness improvement,
economic factors, and collaboration and partnerships are critical factors for the
activation of BIM. By comprehensively considering and managing these factors, the
successful adoption and utilization of BIM in the construction industry can be facili-
tated. The study results provide specific directions for promoting BIM technology in
the construction sector and can serve as valuable foundational data for relevant policy
formulation and implementation.

Keywords: Building information modeling (BIM), Factors influencing BIM adop-
tion, Delphi method, Construction industry
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BIM (building information modeling)= =I5t 274, 4%, dlo|& ] 2] 741
A=511 9lcKAzhar, 2011). BIME 715] 47| AF37H2] BE Sl ClA|e BRL Aggoms 7

A g70] TEAE ol 714 9l 71812 Q1A1E]T QItkGao et al., 2019).

:?%
Y,
Qﬂ
N,
Ho
=‘,3L_"
N,
e
>,
e
flo r

-

ol 13 Hlo|HE ARESHA] a1 JTHKPMG, 2016). ©]219t Hd el o] $101.8 74 4k o] Balket EA,
ICTO] thet W2 214], AAA Agh 12|31 BIM F+dof| tiet o3 =5 507 Ak Stewart et al., 2004;

Peansupap and Walker, 2005).

BIM-2 Z2AE o] AA|, A4, £ Aol A Hxd AE S ARgsto] o 12 83 a8-2]Q1 1l
22 715517 K Chien et al., 2014; Liu et al., 2021). £3], BIMS 2|4 7F53h Aol A] AR 7+ A 225}
O} ZHA ] Z4y, of| v 2] 48] 3t 5 ohalRt o3& AlksshH, A= Aol 7] Antel A4 HE St veE
So]sH HK(Lu et al., 2017; Mirhosseini et al., 2020; Patel et al., 2021).

BIM T8jell tigt 2= QM2 &4 0 & Folx|1l 9lom, ofg] AZI=ollA= BIM A& o F3leh= 4
WG LA 35 T2 A E oA 28-S &2 5kl QItk(Liao and Teo, 2017; Sacks et al., 2018). ©|2{gH e H o
S5, BIM EQJofl= of 6] ] 2| 9 2] Z5H] % (Liao and Teo, 2017; Antwi-Afari et al., 2018), 7]&
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A Q- A3 (Mom et al., 2014; Tsai et al., 2014; Attarzadeh et al., 2015; Ozorhon and Karahan, 2017; Olawumi
and Chan, 2019), 117 £=~8/27J(Chan et al., 2019; Awwad et al., 2020; Shojaei et al., 2023), 12 2t 9 o1&
2}d(Ozorhon and Karahan, 2017; Olawumi and Chan, 2019; Evans et al., 2021; Shojaei et al., 2023), T2 E
TtEL O] ¥ W XA (Attarzadeh et al., 2015; Amuda-Yusuf, 2018; Antwi-Afari et al., 2018; Awwad et al.,
2020; Evans et al., 2021; Shojaei et al., 2023), ZZA||A 4 H3} ¥2(Attarzadeh et al., 2015; Olawumi and
Chan, 2019; Abbasnejad et al., 2020; Evans et al., 2021; Shojaei et al., 2023) -5 T}JSH ol @ A50] EAH]T
E3], ZHE 7 Ao-2-84 0] o]t T Hl8-L BIM E£919] 2 Fofl 99102 AAH] 1 Itk Grilo
and Jardim-Goncalves, 2010; Muller et al., 2015; Ahuja et al., 2018; Al-Mohammad et al., 2023). ]2} &2 &
F=-3 sieh] SialARs 714 olal T 2he] B ofalot §4140] THol ol Arayii et al., 2018), O
£ FF ZEset - A o] Ato] F-Q5HH Awwad et al., 2020; Afzal and Shafiq, 2021).
H AL AN Ao A BIM EY0] Gk 2= FQ QRIES BASHY, 549l =92 9ot Aek4
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¥l W71 B Qo] AEAFS 0] Tloret AU A4S Ro} EHe A2 A Z5H Linstone and
Turoff, 1975), 2|78/ d7 HHE2]Q1 -2 53l Wk 2|Aasletal 412)4d Ql= A9E =& 4= Uth(Okoli and
Pawlowski, 2004). T3, §H52] o=l wpA4-5- Foff A+Lo] B /g2 =ol= tl] G324 o|th(Hasson et al., 2000).
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o] Beobx sty Az o] §-84 0 2 Sl E sl Zlolal & 4= 9Jti(Dalkey, 1969; Delbecq et al., 1975;
Rowe and Wright, 2001).
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=7F=0] WA 2| Zk(divergent perception)S 1&3F TS o| 2 HE] A& 4751 Hh(Lee, 2001). 12} A
Do BIM BYSIE 9J 20 2l thel AEKS ] et Sk o7 2sh] Slslel A ARe
AATSFAH.

A 22} mZA = A 12} dato] S Fol = E T
Poke 2 QeI BE AR ARAG A o] o
S A1 S 7 AEE A 8eI0], SY A Bl EE 5 ol ool ZANE HE71S] HoREe
IRt A1 2} dute] 242 F5fl =E% BIM %—/%]; = Slet =+ OJX]' —ﬁriiloﬂ it Fa=s ?ﬂﬂE 73
AL (M58, T8, 2 HEa, B, oFEaskA] & =
] 7]ek ofzigtol G2 olsle] ejziol} 17} A1)

[e)
AR} AR ZAR= A 22} 7o tigh BARA A} =, AR7} Heko] Afartgglo| Eﬂﬁi | =

ShE “g=lsto] 2 =l EH(&@JP—J 4@8 A8

r
by

n gl.?.(
5{»
o
_0|L
N
52
il

>4
2_
om
lro
_<;
N

g
v°
fru

Y
g
_<;
g
I

= ‘?ﬁ&t}.

HE 325 E Ao oipE ool =ittt o] A&E 3l-0] Sgof| JlejA o] da/dolztar
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1983; Lee, 2001; Skulmoski et al., 2007). &1} 7]=2] tiF-E0] GL-Eof|A] duta] o & 3210 A%l dnto]
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%= Qltt. dufo] 23}, 32} ZARNE-0] St epAl S é%s} ] jqo}oq COVQ} CVR BLALS Za1slolc), His
Aol BAZAT AR7FE9] o) A0 A AFJskA] ¢tot d . i
SR E|7] oFo WredgRelzte Al elat gl

Table 1. Minimum value of CVR according to number of pannel (Lawshe, 1975)

Number of pannel 5 7 10 13 15 20 25 30 35

Minimum value of CVR 0.99 0.99 0.62 0.54 0.49 0.42 0.37 0.33 0.31

3. 2nto] &4
3.1 d=27toE 4

rfo] 7] TR Zhg At 4] 2 Uehihs Wilol] whEe] ZAjo] Rojakis Rl AHL
0l F08 Q201 ZAIIAE o AT ool AL HEAHE Halslol TR o] 71 48
Holet. T1Ejar oAt oA, A1, A 214 58, A, A7) 4= 5= 415°5] ALestofof gt
WL ole] S grase dre] AslEr} AR A0 HET Yot Dalkey, 1969), Lo
10~1579 9] ATHe] ARE7to 2% (-85t AvE A& 4= Quthal AFE L Itk Ziglio, 1996; Anderson,
1995). & Aol BIM T ok A, A1, oA, a4 5 2434 ode] BeE& Haolal, A4, Fot
T ZeAE/E P Zofol| A 2|4t ShAF SRS A5 207 9] HE7t= ISH T Table 2). & 321
A% dinto] FA}F- A FHof| i Zofste] ZA4 o] A= skt

Table 2. Career history of experts who participated in the Delphi survey

o Targeted number of Number of participated panels
Division .

persons for sampling 1st 2nd 3rd

Bachelor 6 6 6 6

) Master 10 10 10 10
Academic level

Doctor 4 4 4 4

Total 20 20 20 20

3~5 years 3 3 3 3

Career years in 5~10 years 15 15 15 15

related area 10 years or longer 2 2 2 2

Total 20 20 20 20
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3.2 12t o] ZA Y 2AZR

ANIZALE ZARE BIM SISHE Sio) efslof & 49l 9912 B S SsIoir HRbE S
A 22 B BIM S S0 Bag 2912 1 RStk SR BRI AAERAAE o
o2 2k o] 12 4 Qe A SRR A4S A4 HA Ylohe S sloick 2 RE YRS

zr o FEE =S x5t el o, SEH _o]'Ert‘XﬂﬂO]'(})iE} ZAL A 10709] A EFAACl S5
H SRR G F 96717 ZALE|QIL. o] 7k B S Al 53] fAEe] B8 2 AlA
WALS A HEH 02 5179 AHE TE519]00, Y82 Table 33+ 2t

Table 3. The first Delphi survey result

Main concept Sub concept

Establish guidelines for BIM permit management, Implement policies mandating the submission of
digital BIM drawings, Strategies for deregulating structures for BIM application, Simplify legal

Policy and s . L .
Y@ procedures for buildings implementing BIM, Mandatory BIM application system for construction
regulation . . . . . o
and other projects, Provide financial and tax incentives, Support and regulate BIM initiatives at the
local government level
. Develop automated quantity take-off technologies, Create automated 3D modeling technologies,
Technological . . .
innovation Develop life-cycle cost management technologies, Innovate automated clash detection techno-

logies, Develop AR/VR-based BIM technologies, Create BIM data analysis technologies

Build automated design solutions, Develop construction automation platforms, Establish smart

System facility management systems, Create BIM collaboration platforms, Build BIM data integration
development platforms, Develop BIM-based site safety platforms, Provide cloud-based BIM services, Offer
BIM technical support centers and services

Develop standardization plans for data file formats, Establish standardization plans for data compa-
Standardization | tibility, Standardize BIM design criteria, Standardize guidelines for BIM documentation, Develop
standards for data management and security, Standardize library materials

Education and | Provide continuous BIM learning programs, Offer training on BIM documentation guidelines,
training Implement integrated design professional education

Verify cost savings from design changes, Validate energy-saving effects, Verify construction cost
Pilot projects reduction effects, Confirm construction time reduction effects, Verify maintenance cost reduction
effects, Analyze successful BIM application projects

Establish and operate a BIM integrated management agency, Develop industry-academic coopera-

Human resource | . . . . . .
development tion programs, Train BIM professionals, Introduce national certifications for BIM, Manage career
P development for BIM-related workers, Build a support platform for BIM human networks
Awareness Change perceptions and attitudes related to BIM, Provide motivation for BIM adoption, Share and
improvement promote success stories

Analyze initial costs of BIM adoption, Highlight long-term economic benefits of BIM, Analyze

E ic fact . L
conomie factors payback periods for BIM project investments

Collaboration and | Establish cooperation frameworks within the industry, Participate in international BIM cooperation
partnership networks, Develop partnerships for research and development with academia
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Az 7 Aol BIM £ A3H0R ol7] Slshi 94 Q5% 4, 7147, w84, 4
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hi =
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3.3 A2zt Emjo] ZAL Y A ER

A2t duto] ALl 12} ZAPIA 19 F 51709] 8 1A}l tiste] E7Fe o2 78 fAE
25 A-g5to] ZF IAPE Fa o tiRt S ZagskSint ZF 1Akl thet B 5 ZFollA] 4-astal e
™, T332} o] ZAL| A AREE B 4SS B0 flote] alstlt. 13} ZAYA EEE 7 Bty
eIz}l tiet 28 EfdA] AZS CVR (Lawshe, 1975)& A1) AZ5190) & 51709 B7E8 4 Fol|4 13
7He] B7F @47 CVR BA47o] 0.42 njgko 2 BIM ZAISIE 9t 8 Qs A5 o7 BAxQict
CVR %0] 0.42 1]9Hd 7-9- Efd/do] B=atctal Tkt o]-3-4= Table 1-2 #5oto] A o date] 272078
73-%-9] & B ol &St Aot} At duto] AL RO AFSH 5 51719 B AE F 12718 Al 21§ 3970
O] W7t R A =] It Table 4).

Table 4. The second Delphi survey results

Main concept Sub concept Ave- | Vari- Star.1de.\rd CVR Result
rage | ance | deviation | (>0.42)
Establish guidelines for BIM permit management 6.24 | 0.69 0.83 0.88 | Suitable
Implement policies mandating the submission of digital BIM drawings | 4.82 | 0.78 0.88 0.29 -
) Strategies for deregulating structures for BIM application 571 | 1.35 1.16 0.65 | Suitable
Ir)gglﬁ};t?gg Simplify legal procedures for buildings implementing BIM 4.76 | 1.07 1.03 0.29 -
Mandatory BIM application system for construction and other projects | 5.59 | 1.26 1.12 0.76 | Suitable
Provide financial and tax incentives 453 | 1.51 1.23 0.06 -
Support and regulate BIM initiatives at the local government level | 5.18 | 1.15 1.07 0.53 | Suitable
Develop automated quantity take-off technologies 6.35 | 0.87 0.93 0.88 | Suitable
Create automated 3D modeling technologies 5.59 | 0.51 0.71 0.88 | Suitable
Technological Develop life-cycle cost management technologies 441 | 0.26 0.51 -0.18 -
innovation Innovate automated clash detection technologies 524 | 0.69 0.83 0.53 | Suitable
Develop AR/VR-based BIM technologies 524 | 0.94 0.97 0.65 | Suitable
Create BIM data analysis technologies 5.53 | 0.64 0.80 0.76 | Suitable
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Table 4. The second Delphi survey results (continued)

Main concept Sub concept Ave- | Vari- Star.ldz.nrd CVR Result
rage | ance | deviation | (>0.42)
Build automated design solutions 594 | 0.93 0.97 0.76 | Suitable
Develop construction automation platforms 5.88 | 0.86 0.93 0.88 | Suitable
Establish smart facility management systems 5.53 | 1.39 1.18 0.65 | Suitable
System Create BIM collaboration platforms 5.06 | 0.31 0.56 0.76 | Suitable
development Build BIM data integration platforms 441 | 0.76 0.87 0.06 -
Develop BIM-based site safety platforms 4.88 | 0.61 0.78 0.53 | Suitable
Provide cloud-based BIM services 5.18 | 0.53 0.73 0.76 | Suitable
Offer BIM technical support centers and services 494 | 0.68 0.83 0.53 | Suitable
Develop standardization plans for data file formats 5.59 | 0.76 0.87 0.76 | Suitable
Establish standardization plans for data compatibility 5.65 | 0.74 0.86 0.88 | Suitable
Standardization Standardize BIM design criteria 541 | 0.63 0.80 0.76 | Suitable
Standardize guidelines for BIM documentation 541 | 0.88 0.94 0.65 | Suitable
Develop standards for data management and security 435 | 0.62 0.79 0.06 -
Standardize library materials 535 | 0.87 0.93 0.65 | Suitable
) Provide continuous BIM learning programs 6.12 | 0.74 0.86 0.88 | Suitable
Edﬁf;t:?}‘:ga“d Offer training on BIM documentation guidelines 624 | 094 | 097 0.76 | Suitable
Implement integrated design professional education 6.06 | 1.06 1.03 0.88 | Suitable
Verify cost savings from design changes 535 | 0.62 0.79 0.76 | Suitable
Validate energy-saving effects 3.56 | 0.80 0.89 -0.76 -
Pilot projects Verify construction cost reduction effects 512 | 0.74 0.86 0.53 | Suitable
Confirm construction time reduction effects 5.35 | 0.99 1.00 0.65 | Suitable
Verify maintenance cost reduction effects 5.18 | 0.90 0.95 0.53 | Suitable
Analyze successful BIM application projects 535 | 0.99 1.00 0.65 | Suitable
Establish and operate a BIM integrated management agency 3.82 | 0.90 0.95 -0.53 -
Develop industry-academic cooperation programs 3.56 | 0.80 0.89 -0.76 -
Human resource Train BIM professionals 5.24 | 0.69 0.83 0.65 | Suitable
development Introduce national certifications for BIM 529 | 1.10 1.05 0.53 | Suitable
Manage career development for BIM-related workers 5.18 | 0.90 0.95 0.53 | Suitable
Build a support platform for BIM human networks 535 | 0.99 1.00 0.65 | Suitable
Change perceptions and attitudes related to BIM 535 | 0.62 0.79 0.76 | Suitable
: n’;‘:ff;‘ﬁ; Provide motivation for BIM adoption 356 | 080 | 089 | -0.76 -
Share and promote success stories 524 | 0.69 0.83 0.65 | Suitable
) Analyze initial costs of BIM adoption 535 | 0.62 0.79 0.76 | Suitable
E;Z;Zr;;w Highlight long-term economic benefits of BIM 5.59 | 0.63 0.80 0.76 | Suitable
Analyze payback periods for BIM project investments 3.94 | 0.81 0.90 -0.41 -
Establish cooperation frameworks within the industry 535 | 0.62 0.79 0.76 | Suitable
Collaboration . . - .
and partnership Participate in international BIM cooperation networks 459 | 1.26 1.12 0.29 -
Develop partnerships for research and development with academia | 5.24 | 0.69 0.83 0.65 | Suitable
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Table 5. The third Delphi survey results

Ave- | Vari- | Standard CVR
Mai . Resul
ain concept Sub concept rage | ance | deviation COoV (>0.42) esult
Establish guidelines for BIM permit management 6.12 | 0.99 0.99 0.16 0.76 | Suitable
Strategies for deregulating structures for BIM application | 5.71 | 0.85 0.92 0.16 0.76 Suitable
Policy and icati i
y : Mandatory BIM application sy.stem for construction and sa1 | 113 1.06 020 0.65 Suitable
regulation other projects
Support and regulate BIM initiatives at the local govern- 512 | 061 0.78 0.15 0.53 Suitable
ment level
Develop automated quantity take-off technologies 571 | 097 0.99 0.17 | 0.76 | Suitable
Create automated 3D modeling technologies 5.12 | 0.49 0.70 0.14 0.65 Suitable
Technological - - -
. . Innovate automated clash detection technologies 524 | 0.69 0.83 0.16 0.65 Suitable
innovation
Develop AR/VR-based BIM technologies 5.18 | 1.15 1.07 0.21 0.53 Suitable
Create BIM data analysis technologies 529 | 0.72 0.85 0.16 0.65 Suitable
Build automated design solutions 547 | 1.14 1.07 0.20 0.53 Suitable
Develop construction automation platforms 5.53 | 0.89 0.94 0.17 0.76 | Suitable
Establish smart facility management systems 535 | 1.49 1.22 0.23 0.53 Suitable
System Create BIM collaboration platforms 5.24 | 0.69 0.83 0.16 0.65 Suitable
development
Develop BIM-based site safety platforms 5.00 | 0.38 0.61 0.12 0.65 Suitable
Provide cloud-based BIM services 535 | 0.74 0.86 0.16 0.76 Suitable
Offer BIM technical support centers and services 529 | 0.97 0.99 0.19 0.65 Suitable
Develop standardization plans for data file formats 524 | 044 0.66 0.13 0.76 Suitable
Establish standardization plans for data compatibility 535 | 0.62 0.79 0.15 0.76 Suitable
Standardization Standardize BIM design criteria 571 | 0.85 0.92 0.16 0.88 Suitable
Standardize guidelines for BIM documentation 524 | 0.82 0.90 0.17 0.53 Suitable
Standardize library materials 535 | 0.74 0.86 0.16 0.76 | Suitable
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Table 5. The third Delphi survey results (continued)

Main concept Sub concept ivgt: Zr?(r:ie- j;i?;?zi Ccov (50.\22) Result
Provide continuous BIM learning programs 5.65 | 0.87 0.93 0.16 0.76 | Suitable
Education and .. . s .
training Offer training on BIM documentation guidelines 576 | 1.19 1.09 0.19 0.65 Suitable
Implement integrated design professional education 5.59 | 2.51 1.58 0.28 0.65 Suitable
Verify cost savings from design changes 5.06 | 1.31 1.14 0.23 0.53 Suitable
Verify construction cost reduction effects 5.00 | 0.50 0.71 0.14 0.65 Suitable
Pilot projects Confirm construction time reduction effects 5.18 | 0.90 0.95 0.18 0.53 Suitable
Verify maintenance cost reduction effects 5.18 | 0.53 0.73 0.14 0.76 | Suitable
Analyze successful BIM application projects 5.24 | 0.69 0.83 0.16 0.76 | Suitable
Train BIM professionals 524 | 1.07 1.03 0.20 0.53 Suitable
Human resource Introduce national certifications for BIM 535 | 0.87 0.93 0.17 0.65 Suitable
development Manage career development for BIM-related workers 5.12 | 0.49 0.70 0.14 0.76 | Suitable
Build a support platform for BIM human networks 494 | 1.18 1.09 0.22 0.53 | Suitable
Awareness Change perceptions and attitudes related to BIM 494 | 043 0.66 0.13 0.53 Suitable
improvement Share and promote success stories 535 | 0.99 1.00 0.19 0.65 Suitable
Economic Analyze initial costs of BIM adoption 529 | 0.85 0.92 0.17 0.65 Suitable
factors Highlight long-term economic benefits of BIM 5.35 | 0.99 1.00 0.19 | 0.53 | Suitable
Establish cooperation frameworks within the industry 5.18 | 0.65 0.81 0.16 | 0.65 | Suitable
Collaboration
and partnership Develop partnerships fo:cszzlr;h and development with 512 | 074 0.86 017 053 | Suitable
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