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Abstract: BIM exhibits strong potential to become a core technological
advancement adopted in construction projects. However, the process of BIM
implementation is being affected by various factors depending on specific
circumstances. This study aims to identify global factors influencing BIM
adoption in construction projects. By a comprehensive review of the previous
literature, this study managed 39 critical factors impacting construction labor
productivity, which were categorized as primary 5 groups, namely, human,
management, technology, project, and external. A total of 159 valid samples
were collected by respondents who completed a questionnaire survey accord-
ing to their previous direct or indirect participation in the implementation of
construction projects. These factors were ranked based on their Relative
Important Index (RII) and descriptive statistics. The findings indicated that the
most significant factors affecting BIM adoption in construction project imple-
mentation consist of (1) “perceived usefulness,” (2) “speed of BIM tools,” (3)
“perceived benefits of BIM for organization,” (4) “technology quality,” and (5)

“experience and skills”.

ABOUT THE AUTHORS

Mr. Nguyen Van Tam is a lecturer at the Faculty of
Construction Economics and Management,
National University of Civil Engineering, Vietnam.
His research focuses on building information
modeling, construction project management,
digitalization in construction industry, productiv-
ity, and motivation.

Ms. Tran Ngoc Diep is an undergraduate stu-
dent at the Faculty of Construction Economics
and Management, National University of Civil
Engineering, Vietnam. Her major is construction
management.

Dr. Nguyen Quoc Toan is a Vice Dean at the
Faculty of Construction Economics and
Management, National University of Civil
Engineering, Vietnam. His research focuses on
construction project management, building
information modeling, urban management,
monitoring and evaluating construction projects,
and smart cities.

Mr. Nguyen Le Dinh Quy is a lecturer at FPT
Polytecnic, FPT University, Hanoi, Vietham

PUBLIC INTEREST STATEMENT

Building Information Modeling (BIM) has pro-
vided a method for increasing total project
quality, providing accurate quantity take-offs,
and improving scheduling, resulting in lower total
project contingencies and costs. This study iden-
tified and assessed a total of 39 factors impact-
ing BIM adoption within the construction project
implementation. These factors are grouped into
five main categories, namely, human, manage-
ment, technology, project, and external. The
findings provide a comprehensive understanding
of factors affecting BIM adoption in construction
projects. This enables the government, man-
agers, and practitioners to make reasonable
policies to foster BIM adoption in construction
industry.

Attribution (CC-BY) 4.0 license.

© @

© 2021 The Author(s). This open access article is distributed under a Creative Commons

Page 1 of 17


http://crossmark.crossref.org/dialog/?doi=10.1080/23311975.2021.1918848&domain=pdf
http://creativecommons.org/licenses/by/4.0/

Van Tam et al., Cogent Business & Management (2021), 8: 1918848 O;K-: cogent P b us | Nness & mana ge me nt

https://doi.org/10.1080/23311975.2021.1918848

Subjects: Building and Construction; Building Project Management; Project Management

Keywords: BIM adoption; factors; affecting; construction projects

1. Introduction

Building Information Modeling (BIM) is a repository of digital information that increases the
effectiveness and efficiency of construction project management (Latiffi et al., 2013; Olawumi &
Chan, 2019). The paradigm shift in the construction process is experiencing an increased transfer
of technological advancement from developed countries to developing countries, which makes
a deep and fundamental change that is rapidly transforming the global construction sector
(Abubakar et al.,, 2014; Enegbuma & Ali, 2011). The BIM adoption and implementation in the
construction project foster sustainable construction and contribute to eradicating poverty in
developing nations (Bui et al., 2016). In Vietnam, the construction industry has made significant
progress towards modernization and globalization in recent decades, which saw the strong devel-
opment of many fields, such as construction technologies, construction project management,
construction materials, architectures and construction planning, urban and housing development.
Although Vietnamese labor productivity has recently been improved, it is still lower than in other
countries in Southeast Asia (Hai & Van Tam, 2019; Van Tam et al., 2018, 2021). Hence, the
adoption of BIM in construction project implementation is an effective measure to improve
construction productivity and enhance construction project performance. BIM has been adopted
in the Vietnam construction sector since early 2000, but it is still not spread widely. This is
particularly the case in construction projects funded with state-owners capital, which accounts
for the largest market share of construction projects in Vietnam (Dao & Chen, 2020a). Awareness
about the benefits of BIM adoption and implementation, Vietnam has set 2021 as the target year
for adopting BIM for all governmental and large construction projects (Dao & Chen, 2020b).
Perceiving the trends of BIM technologies adoption, investors and construction enterprises has
also initially realized the benefits of adopting BIM. Numerous design companies and contractors
have gradually put the adoption of BIM tools into practical projects from the concept design stage
to construction management stage. Investors play a very important role in the process of promot-
ing BIM application in Vietnam. However, the number of large investors who are aware of these
benefits is still modest. Some of them are VinGroup, Bitexco, Vietinbank being one of the few
investors who intend to apply BIM to control each part of the project from the design stage to the
handover and operation stage. Design consulting enterprises are the first to start BIM adoption in
Vietnamese construction industry. Several companies are applying BIM tools for architectural
designs such as VNCC, CDC, PTW, and Hacid enterprises. Particularly, VNCC and Constrexim ICC
as the typical examples, with 100% of projects applying Revit Architecture for architectural design.
Some contractors have started to adopt BIM to construction projects during the bidding phase to
dissect the work volume and formulate measures to organize construction based on BIM models.
In addition, the contractors have initially applied models to control clashes between structures and
between departments in the construction phase and to exchange information between project
stakeholders. Several typical contractors for the adoption and implementation of BIM in the
construction process that are Hoa Binh Construction and Real Estate Joint Stock Company, Cotec
Construction Joint Stock Company, Construction Joint Stock Company No.l. Besides domestic
private enterprises, foreign contractors in Vietham have also initially deployed BIM applications
in projects, such as Posco E&C, Taisei, Maeda, Lotte E&C. Among them, Lotte has become a typical
contractor in using BIM software to design beam structure systems and control the concrete
construction volume of the entire Hanoi Lotte Center project. Some construction projects applied
BIM in Vietnam, such as Diamond Island Sky Resort; Delta River Tower; Technology Park City
University of Technology. Ho Chi Minh City—branch in Binh Duong; Tri Viet eco-park resort, Hoi
An; Vietinbank Tower; Metro line 2: Ben Thanh—Tham Luong; National Highway 1 passes through
Quang Tri; Saigon Bridge 2; Tunnel across the Saigon River.
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BIM is being a new technology in Vietnam construction industry, which is expected to deliver
numerous benefits to the industry, such as project performance and quality enhancement
(Succar, 2009); initial conflict control in the designing (Azhar, 2011), effective construction
process (Abd Hamid et al., 2018), enhance collaboration among construction stakeholders
(Kerosuo et al.,, 2015; Succar, 2009); operation and maintenance of buildings (Hoang et al.,,
2020), improve visualization of project execution (Haron et al., 2015), decision-making process
enhancement (Azhar, 2011), effective construction cost (Abbasnejad & Moud, 2013). Prior
studies indicated that BIM adoption is affected by various factors related to users, technology,
management, project characteristics, tools, and environment (Abubakar et al., 2014; Chan,
Olawumi, Ho et al., 2019q; Ezeokoli et al., 2016; Noor et al.,, 2018). For many years, the topic
of factors influencing BIM adoption in the construction sector has been a concern of numerous
researchers. Consequently, various factors that impact the adoption and implementation of
BIM have been identified and classified by many studies from different countries. However, the
frequency and importance of these factors vary from project to project or nation to nation, and
even within the same project, depending on circumstances. Hence, this study aims to identify
and assess the factors impacting BIM adoption within construction project implementation
through data collected in an investigation in Vietnam.

2. Literature review

BIM is one of the critical innovations that represent a technological and procedural shift in the
construction industry. BIM represents a methodology to manage the building design and project
data in digital format throughout the building lifecycle (Panuwatwanich & Peansupap, 2013). The
introduction and adoption of any new technological advancement like BIM usually require that the
factors that may affect the adoption by the project stakeholders be identified and addressed for
the successful take-up of the innovations and subsequent benefits to be derived thereof (Abubakar
et al., 2014). In order to foster BIM adoption, identifying factors affecting BIM adoption in
construction projects is necessary. Therefore, various factors influencing labor productivity in the
construction industry have been identified and classified by numerous researchers from different
countries as provided in Table 1.

Based on referencing and considering previous studies, this study synthesized some of the most
important factors impacting BIM adoption in construction projects. As provided in Table 2, a total
of 39 factors influencing BIM adoption in construction projects, which are divided into five cate-
gories as follows: (1) human (7 factors), management (11 factors), technology (10 factors), project
(5 factors), external (7 factors).

3. Research methodology

A comprehensive literature review was conducted to articulate issues regarding BIM adoption in
the Vietnam construction industry and identify the factors affecting BIM adoption in construction
projects. As mentioned above, a total of 39 factors that affect BIM adoption in the construction
project implementation were identified. These factors were then tabulated in the form of
a questionnaire.

3.1. Sampling and data collection

Data were collected from respondents who completed a structured questionnaire survey according
to their previous direct or indirect participation in the implementation of construction projects
adopting BIM tools. A total of 250 questionnaires were distributed both by way of an interview
(180) and utilizing an online survey platform (70). The authors conducted the interview are BIM
users working in small, medium, and large construction enterprises in Vietnam. As for the online
method, the questionnaires were sent to preselected people who had been ensured to at least
have first-hand knowledge of BIM. Any questionnaires that included incomplete data or missing
values were removed. Finally, 159 valid questionnaires were collected (age average is 32.5,
SD = 4.528), in which, valid questionnaires received from the former method were 107 (67%)
and from the online survey were 52 (33%). The valid response rate for interviews was 61% while

Page 3 of 17



Van Tam et al., Cogent Business & Management (2021), 8: 1918848

https://doi.org/10.1080/23311975.2021.1918848

- cogent--business & management

Table 1. Summary of previous studies on factors affecting BIM adoption in construction

projects

Country

Study

Total factors
identified

Top factors affecting BIM
adoption

Malaysia

(Shehzad et al., 2019)

74

(1) Compatibility; (2) lack of training;
(3) top management support; (4)
normative pressure; (5) self-efficacy;
complexity; subject norms

(Noor et al., 2018)

27

(1) Better visualization compares to
traditional CAD technology; (2) the
capability of financial resources; (3)
Better schedule estimation than
traditional CAD technology; (4) The
ability of BIM in visualization; (5)
Experience in BIM technology

(Mohammad et al., 2018)

24

(1) People; (2) relative advantage; (3)
compatibility; (4) management; (5)
training

(Enegbuma & Ali, 2011)

(1) Construction policy; (2) strategic
information, communication, and
technology; (3) education and training;
(4) legal parameters; (5)
implementation framework.

Nigeria

(Abubakar et al., 2014)

10

(1) Availability of trained professionals
to handle the tools; (2) BIM software
availability and affordability; (3)
enabling environment; (4) clients’
interest in the use of BIM in their
projects; (5) awareness of the
technology among industry
stakeholders

(Ezeokoli et al., 2016)

(1) Compatibility between software
platforms; (2) level of knowledge and
awareness index; (3) structure/culture
of the industry; (4) availability of the
appropriate technology and
infrastructure; (5) cost of technology
and its implementation

Hong Kong

(Chan, Olawumi, Ho et al.,
2019b)

11

(1) Client’s acceptance with BIM
projects; (2) financial support from the
government to set up BIM system; (3)
organizational structure to support
BIM system within company; (4) BIM
training programs; (5) information-
sharing protocols

UK and USA

(Panuwatwanich & Peansupap,
2013)

(1) BIM is required by clients; (2) other
project team members decide to move
to BIM; (3) adequate technical support
and training are provided; (4)
observable large productivity gain; (5)
downstream applications of BIM are in
place.

China

(Wang et al., 2016)

18

(1) Comparative Advantage; (2)
Enterprise Scale; (3) IT Ability; (4)
Business Situation; (5) Expected
Benefits.

(Qin et al.,, 2020)

15

(1) Requirement from national policies;
(2) popularity of BIM in the industry;
(3) standardization of BIM; (4)
traditional thinking mode; (5)
executive support

(Continued)

Page 4 of 17



Van Tam et al., Cogent Business & Management (2021), 8: 1918848 O;K-: Cogent P b us | Nness & mana geme nt
https://doi.org/10.1080/23311975.2021.1918848

Country Study Total factors Top factors affecting BIM
identified adoption
India (Ahuja et al,, 2020) 9 (1) Complexity; (2) Compatibility; (3)

Perceived costs; (4) Expertise; (5) Client
Requirement

Australia (Hong et al., 2016) 10 (1) Ease of maintenance; (2)
organizational support; (3) awareness;
(4) perceived usefulness; (5) down
time

(Sargent et al., 2012) 11 (1) Ease of use; (2) Perceived ease of
use; (3) Perceived usefulness; (4) Social
factors; (5) Facilitating conditions

USA (Liu et al., 2010) 4 (1) Top management support; (2)
perceived benefit; (3) IT sophistication;
(4) external force

Vietnam (Dao & Chen, 2020a) 11 (1) Lack of BIM regulations; (2) No
correlation of the systems leading to
the difficulty of the authorities to
inspect/supervise; (3) Lack of
consistency and participation of
stakeholders; (4) Lack of contract
forms to clearly mandate the BIM
practices and address legal concerns
(5) Liability exposures to design errors,
non-compliant design, transition
errors, loss of data or data misuse

Singapore (Attarzadeh et al., 2015) 45 (1) Initial investment cost for BIM
adoption (software and hardware
accumulation); (2) efficiency and
simplicity of the BIM software; (3)
government policies and support for
BIM adoption; (4) organization’s
financial resources; (5) organization’s
top management support for BIM
adoption

77% of the distributed online forms were completed. Table 3 presents the demographics of the
respondents under investigation.

3.2. Measurement method

For analyzing data, this study used descriptive statistics (i.e., mean and standard deviation) and
Relative Importance Index (RII) approaches to measure the impact of factors affecting BIM
adoption in construction projects. The RII index was calculated based on the following equation
(Eq. 1) (Alaghbari et al., 2019; Soekiman et al., 2011):

(1)

where Wi is the rating given to each factor by the participant ranging from 1 to 5; Xi represented
the percentage of respondents scoring and reflected the order number for the respondents; i is the
order score ranging from 1 to 5.

Responses from the first part can be obtained through the appropriate response choice (i.e.,
demographic of the respondents). In the second part (i.e., list of 39 factors) participants needed to
assess the factors that influence BIM adoption in construction projects on a Likert scale from 1
(very low effect) to 5 (very high effect).
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Table 3. Demographic of the respondents

Item Category Frequency Percentage (%)
Gender Male 125 78.62%
Female 34 78.62%
Education levels Bachelor’s degree 151 94.97%
Master’s degree 7 4.40%
Doctor’s degree 1 0.63%
Work experience 1-5 years 93 58.49%
6-10 years 35 22.01%
11-15 years 16 10.06%
16-20 years 4 2.52%
Above 20 years 11 6.92%
Organization involvement | Client 10 6.29%
Authority 5 3.14%
General Contractor 35 22.01%
Sub-contractor 23 14.47%
Supervision 12 7.55%
Consultant 74 46.54%
Role in construction Project manager 29 18.24%
project Site manager 5 3.14%
Site supervisor 11 6.92%
Site engineer 13 8.18%
Designer 39 24.53%
Architect 25 15.72%
Estimator 35 22.01%
Company manager 2 1.26%

4. Results and DISCUSSIONS

In the present study, there are two software applications were applied to examine the findings,
which are MS Excel 365 and SPSS 22. A total of 39 factors that affect BIM adoption in the
construction project implementation have been identified and ranked based on their descriptive
statistics (i.e., mean and standard deviation), and the RII index.

4.1. Human factors group

The ranking of affecting factors relevant to human aspect is given in Seven factors are listed in this
category. The surveyed respondents ranked “perceived usefulness” in the first place with
RII = 0.758. This factor is also evaluated as the first factor among all 39 factors (Table 9), proving
that it has the greatest influence on the BIM adoption of the participants. This result is in line with
some previous studies’ opinions (i.e., Hong et al., 2016; Sargent et al., 2012; Shehzad et al., 2019),
which indicated that perceived usefulness is a prerequisite factor for users to accept BIM software.
“Experience and skills” factor is the second most important factor in human perspective, with
RII = 0.734 and ranked fifth place in the overall ranking. This ranking was supported by Shehzad
et al. (2019) who explained that limited experience and skills of new technology were mostly
affected on BIM intentions to use just right after lack of training and lack of self-efficacy. However,
this finding contradicts the result of the study (Attarzadeh et al., 2015) in which, the experience of
human resources was ranked 41 over 45 factors. In this regard, “experience and skills” does not
frequently affect the intention to use BIM of an individual. With RII = 0.724, “willingness to use
BIM” is ranked third in this group and seventh overall, which shows that this factor has a high
impact on BIM adoption among participants. This was proved by a study (Chan, Olawumi, Ho et al.,
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Table 4. Ranking of factors under human group

Factors Mean Std. Deviation RII Rank
Perceived Usefulness 3.79 0.977 0.758 1
Experience and skills 3.67 0.898 0.734 2
Willingness to use BIM 3.62 0.966 0.724 3
Work motivation 3.59 1.057 0.718 4
Personal Competency 3.52 0.934 0.704 5
Interest 3.52 0.967 0.704 5
Perceived Ease of use 3.45 0.946 0.690 7

2019b), which stated that staff willing to improve their market competitiveness by playing
a proactive role in learning BIM software. Another factor is “work motivation” (RII = 0.718),
which ranked fourth in this group and ninth in the overall ranking, indicating that motivation
plays an important role in learning new technology. “Personal competency” and “interest” have
the same RII = 0.704, ranking the fifth in this group and 20th among all 39 factors, which indicates
that these factors have a low effect on BIM adoption. Finally, “perceived ease of use” with
RII = 0.69 was ranked at the end of this category and 29" overall ranking.

4.2. Management factors group

As demonstrated in Table 5, “perceived benefits of BIM for organization” is in the first place in this
group with RII = 0.738 and the third in overall ranking, proving that this factor has a significant
effect on the application of BIM in a project. This ranking was further supported by the study of (Liu
et al,, 2010), which stated that perceived benefits is one of the three main factors affecting the AEC
industry in BIM adoption, along with external forces and internal readiness. With RII = 0.730,
“availability of BIM users” ranked second over 11 management factors and sixth in overall ranking,
indicating that skilled staff who can handle BIM tools is important in the decision of using BIM
software. This ranking is in line with some previous studies, such as Abubakar et al. (2014) Ahuja
et al. (2020), Hong et al. (2016), and Shehzad et al. (2019), which proved that the availability of
trained professionals to handle BIM tools was found to be the most significant driver of BIM
application. For example, Ahuja et al. (2020) stated that few technically trained employees
would assist the adoption of BIM for organizations. Unavailability of BIM users had also been
identified as the foremost barrier to the introduction of BIM in the USA (Ku & Taiebat, 2011) and
one of the major obstacles in the UK (Khosrowshahi & Arayici, 2012). As for developing countries,
a lack of trained professionals was ranked fifth according to the significant study context of Nigeria
(Abubakar et al., 2014). By contrast, Qin et al. (2020) indicated that the number of BIM experts and

Table 5. Ranking of factors under management group

Factors Mean Std. Deviation RII Rank
Perceived benefits of BIM for organization 3.69 0.900 0.738 1
Availability of BIM users 3.65 1.000 0.730 2
Capacity to use information technology 3.56 0.890 0.712 3
Availability of technical infrastructure 3.55 0.972 0.710 4
Organizational readiness 3.53 1.011 0.706 5
Perceived risks 3.49 0.913 0.698 6
Financial resources 3.46 0.979 0.692 7
Manager’s support 3.43 0.952 0.686 8
Organization’s culture 3.38 0.926 0.676 9
Organization’s capacity 3.37 0.932 0.674 10
Organization’s policies 3.36 1.002 0.672 11
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technical staff had a low influencing degree to aid the adoption of BIM technology as it mainly
changed the workflow and pattern of the organizations and had impacts on some human factors
(i.e., perceived ease of use, perceived usefulness and intention to use). In this regard, the avail-
ability of skilled staff had significant influence on BIM implementation in many countries including
Vietnam, except for the case of India mentioned by Qin et al. (2020).

The next three influencing factors are “capacity to use Information technology,” “availability of
technical infrastructure” and “organizational readiness” with the RII ranging between 0.706 and
0.712. Although they ranked third, fourth, and fifth compared to other management factors, their
rankings overall are 17th, 18th, and 19th, respectively, which indicates that these three factors’
influences were similar and slightly significant to the adoption of BIM. While the study Chan,
Olawumi, Ho et al. (2019b) ranked “competent technical support team within company” in the
seventh place, this factor was only mentioned by Panuwatwanich and Peansupap (2013) as one of
the reasons that would drive the research respondents to adopt BIM. “Organizational readiness” is
similar to the previous factor since it was mentioned in the study Hong et al. (2016) as
a prerequisite factor to decide BIM adoption, while Shehzad et al. (2019) showed that it was one
of the factors with modest influence. Factors such as “perceived risks,” “financial resources,” and
“manager’s support” have a moderate impact on BIM adoption with RII between 3.43 and 3.49.
“Organization’s culture” (RII = 0.676), “organization’s capacity” (RII = 0.674) and “organization’s
policies” (RII = 0.672) were ranked at the end of this group and 33rd, 34th, 35th in overall ranking,
indicating that these factors have a low influence on the application of BIM.

4.3. Technological factors group

The ranking of 10 factors under the technological group is shown in Table 6. With RII = 0.75,
“speed of BIM tools” was ranked the first in this group and second among all factors, which shows
that this factor is a powerful determinant and has a very high effect on BIM usage. This is because
the participants believe that speed was the most outstanding and obvious advantage of BIM
compared to traditional methods. “Technology quality” (RII = 0.738) was ranked the second in
this category and fourth in general ranking, proving that this factor has a significant influence on
BIM application. “Functionality” was the third element driving to BIM adoption with RII = 0.72. This
factor was also mentioned in Gu and London (2010) as one of the two main areas referred to BIM
adoption, including technical tool—functional requirements and need, and the non-technical
strategic issues.

“Feasibility using BIM,” “IT support,” and “result demonstrability” were evaluated to have the
same effect on BIM adoption as in the respondents’ opinion, with RII = 0.716. They were all ranked
fourth in this group and tenth in overall ranking, indicating that the three factors have an
important influence on the introduction of BIM technology. According to Wang et al. (2016),
poor IT conditions were a huge constraint to technology adoption activity. Meanwhile, “result

Table 6. Ranking of factors under technological group

Factors Mean Std. Deviation RII Rank
Speed of BIM tools ' 3.75 ' 0.919 Co0750 1
Technology quality 3.69 0.936 0.738 2
Functionality 3.60 0.922 0.720 3
Feasibility using BIM ' 3.58 ' 0.970 0716 4
IT support 3.58 0.830 0.716 4
Result demonstrability 3.58 0.963 0.716 4
BIM complexity ' 3.57 ' 0918 0714 7
Accessibility 3.47 0.913 0.694 8
Trialability 3.42 0.937 0.684 9
Procurement methods 3.25 1.006 0.650 10
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Table 7. Ranking of factors under project group

Factors Mean Std. Deviation RII Rank
Project scale 3.58 0.996 0.716 1
Project 3.58 0.957 0.716 1
requirements

Stakeholders’ 3.57 0.965 0.714 3
awareness

Project complexity 3.50 1.043 0.700 4
Stakeholders 3.50 1.012 0.700 4
interaction

Table 8. Ranking of factors under external group

Factors Mean Std. Deviation RII Rank
BIM standards 3.48 0.967 0.696 1
BIM instructions 3.48 0.940 0.696 1
BIM providers . 3.43 0.938 0.686 3
Competition levels 3.35 0.969 0.670 4
Laws and policies 3.28 1.038 0.656 5
Government 3.12 1.052 0.624 6
supports

demonstrability” was mainly recognized as the ability of BIM in visualization and proved to be the
significant advantage of BIM software that drove respondents to try using BIM (Noor et al., 2018).
Furthermore, it was stated in the prior study (Wang et al., 2016) that the effortless observability of
BIM to organization top management is a contributing factor for BIM adoption. “BIM complexity”
with RII = 0.714 is in the seventh place of this group and in the 15th position among 39 factors,
indicating that this factor has a moderate impact on BIM adoption.

The other factors in this group are “accessibility,” “trialability,” and “procurement methods” with
RII ranging from 0.65 to 0.694, ranking eighth, ninth, and tenth in this category and 27th, 32nd,
38th among all factors, respectively. This proves that these factors have a low influence on the
application of BIM.

4.4. Project factor group

The results of Table 7 indicate that five factors of the project group have been ranked by RII index.
“Project scale” and “project requirements” with RII = 0.716 were ranked the first in this group and
13th among all 39 factors, which indicates that the two factors have a similar effect on BIM
adoption and their influence is moderate. These were closely followed by “stakeholders” aware-
ness’ with RII = 0.714. This ranking is in line with the previous study (Abubakar et al., 2014), which
ranked this factor fifth out of 10 drivers, indicating that the awareness of the technology among
industry stakeholders was found to be a significant driver of BIM adoption in Nigeria. “Project
complexity” and “stakeholders” interaction’ shared the same RII value at 0.7 and was assessed at
the end of this group and 22nd among all factors.

4.5. External factors group

Table 8 indicates the ranking of six-factor related to external drivers. The surveyed respondents
ranked “BIM standards” and “BIM instructions” (RII = 0.696) in the first position in this group and
20th among 39 factors. Some previous researches, such as Ezeokoli et al. (2016), Chan, Olawumi,
Ho et al. (2019b), Attarzadeh et al. (2015), and Qin et al. (2020), have proved the importance of the
mentioned factors in the adaptability of BIM. For instance, Ezeokoli et al. (2016) stated that lack of
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Table 9. Overall ranking factors influencing BIM adoption

Factors Mean | Std. Deviation | RII | Rank Group
Perceived usefulness 3.79 0.977 0.758 1 | Human
Speed of BIM tools 3.75 0.919 0.750 2 | Technology
Perceived benefits of BIM for organization | 3.69 0.900 0.738 3 | Management
Technology quality 3.69 0.936 0.738 4 | Technology
Experience and skills 3.67 0.898 0.734 5 | Human
Availability of BIM users 3.65 1.000 0.730 6 | Management
Willingness to use BIM 3.62 0.966 0.724 7 | Human
Functionality 3.6 0.922 0.720 8 | Technology
Work motivation 3.59 1.057 0.718 9 | Human
Feasibility using BIM 3.58 0.970 0.716 | 10 | Technology
IT support 3.58 0.830 0.716 | 11 | Technology
Result demonstrability 3.58 0.963 0.716 | 12 | Technology
Project scale 3.58 0.996 0.716 | 13 | Project
Project requirements 3.58 0.957 0.716 | 14 | Project

BIM complexity 3.57 0.918 0.714 | 15 | Technology
Stakeholders’ awareness 3.57 0.965 0.714 | 16 | Project
Capacity to use Information technology 3.56 0.890 0.712 | 17 | Management
Availability of technical infrastructure 3.55 0.972 0.710 | 18 | Management
Organizational readiness 3.53 1.011 0.706 | 19 | Management
Personal Competency 3.52 0.934 0.704 | 20 | Human
Interest 3.52 0.967 0.704 | 21 | Human
Project complexity 3.5 1.043 0.700 | 22 | Project
Stakeholders interaction 3.5 1.012 0.700 | 23 | Project
Perceived risks 3.49 0.913 0.698 | 24 | Management
BIM standards 3.48 0.967 0.696 | 25 | External

BIM instructions 3.48 0.940 0.696 | 26 | External
Accessibility 3.47 0.913 0.694 | 27 | Technology
Financial resources 3.46 0.979 0.692 | 28 | Management
Perceived ease of use 3.45 0.946 0.690 | 29 | Human
Manager’s support 3.43 0.952 0.686 | 30 | Management
BIM providers 3.43 0.938 0.686 | 31 External
Trialability 3.42 0.937 0.684 | 32 | Technology
Organization’s culture 3.38 0.926 0.676 | 33 | Management
Organization’s capacity 3.37 0.932 0.674 | 34 | Management
Organization’s policies 3.36 1.002 0.672 | 35 | Management
Competition levels 3.35 0.969 0.670 | 36 | External
Laws and policies 3.28 1.038 0.656 | 37 | External
Procurement methods 3.25 1.006 0.650 | 38 | Technology
Government supports 3.12 1.052 0.624 39 External

BIM standards/guidelines was the reason why most BIM potential remains untapped in Anambra
State Nigeria. The same conclusion for Hong Kong has been shown in Chan, Olawumi, Ho et al.
(2019b), which indicated that BIM standards are one of the five most significant critical success
factors to BIM implementation, therefore, the establishment of BIM industry standards was greatly
conducive to BIM adoption. With RII = 0.686, “BIM providers” followed closely to the previous
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factors in terms of influence level on BIM application. The remaining factors under the external
group are “competition levels,” “laws and policies,” and “government supports,” with RII ranging
from 0.624 to 0.67, were ranked at the end of this group, which reveals that these factors have
a low effect on the application of BIM.

4.6. Overall ranking critical factors influencing BIM adoption

The overall perceived impacts of all 39 factors were shown in Table 9. As provided, the top five
ranking critical factors influencing BIM adoption in construction project are: (1) “perceived useful-
ness,” (2) “speed of BIM tools,” (3) “perceived benefits of BIM for organization,” (4) “technology
quality,” and (5) “experience and skills.” This ranking proves that these five-factor have
a significantly important impact on the application of BIM technologies.

Perceived usefulness: It was identified as user’s mindset and intentions towards the use of
technology. This factor plays an important role in conducting BIM adoption. This finding is in line
with several previous studies (Acquah et al.,, 2018; Batarseh & Kamardeen, 2017; Hochscheid &
Halin, 2019; Sanchis Pedregosa et al., 2020), which showed that perceived usefulness is the most
important driver to predict the behavioral intention of using BIM. When respondents observed that
BIM was useful, their attitude towards the use of BIM increased and their intention to use BIM
increased significantly (Acquah et al., 2018). BIM can be used as an interactive manual for safely
managing and operating the building providing complete facility information (Wetzel & Thabet,
2015), such as physical structure, mechanical and electrical systems, furniture, and equipment.
BIM models can simulate maintenance or the retrofit process (Khaddaj & Srour, 2016) and there-
fore help reduce facility management costs (Love et al., 2015; Zou et al., 2017) and improve the
maintenance process as well as provide an accurate cost estimate of renovation (Cheng & Ma,
2013). It can also be used in simulating evacuation scenarios, crowd behavior, and crowd move-
ment (Rippel & Schatz, 2011).

Speed of BIM tools: It is one of the obvious advantages of BIM software compared with other
traditional methods. Ensuring the project duration is a key to improve organization’s reputation
and strengthen its competitive advantages. BIM software can help shorten the time, especially in
designing phase, improving productivity in general. The speed of BIM tools enables all engineering
stakeholders to access data more easily and more effectively to achieve the project goals at an
optimum level. It mitigates the time needed for communicating complex ideas exchange of visual
information among designers and clients (Xing & Tao, 2015). BIM tools’ speed makes simplified
knowledge management. Continuously collected, stored, and maintained project data throughout
the building lifecycle streamlines tracking and evaluation of project details (Qian, 2012). BIM tools’
speed makes an immediate and more accurate comparison of different design options, which
enables the development of more efficient, cost-effective, and sustainable solutions. The speed of
BIM tools can also facilitate the analysis and comparison of various energy performance alter-
natives to help facility managers dramatically reduce environmental impacts and operating costs
(Ghaffarianhoseini et al., 2017).

Perceived benefits of BIM for organization: 1t is identified in Liu et al. (2010) that the perceived
benefit category included quality improvement, improved accuracy, improved access to informa-
tion, better communication, enhanced ability to compete, integrated work progress, increased
profitability, time-saving, reduced claim and law issues, and reduced communication cost. If
“perceived usefulness” is considered as a prerequisite factor for users to accept the adoption of
BIM tools, “perceived benefits of BIM for organization” is stated to be a motive factor making an
organization apply BIM technologies. BIM technology provides optimized platforms for parametric
modeling, enabling new levels of spatial visualization, building behavior simulation, effective
project management, and operational collaboration of team members. The interoperability cap-
abilities of BIM are more effective when extending its application for construction, facility manage-
ment, and building maintenance stages. BIM refers to a set of technologies and solutions that can
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enhance inter-organizational collaboration and productivity in the construction industry, as well as
improving the design, construction, and maintenance practices (Ghaffarianhoseini et al., 2017).

Technology quality: BIM delivers quality assurance to any design and construction project. BIM
quality is considered a key factor in improving design quality by eliminating conflicts and reducing
rework. Due to the consistency of design data with quality data and construction process with the
quality control process, the potential of BIM implementation in quality management lies in its
ability to present multi-dimensional data including design data and time sequence (Chen & Luo,
2014). The quality of BIM technology contributes to centralize data and allow for data manage-
ment across one digital dataset to make quality assurance across design and construction more
robust.

Experience and skills: 1t is accumulated fact from learning and working affect in the case of the
same skill or task is repeated more than one time (Mahamid, 2013). The lack of collaboration
knowledge, skills, and abilities led to an insufficient understanding of the BIM process, and hence
interoperability issues (Oraee et al., 2019). The academic syllabus of Vietnam universities in terms
of built environment courses lacks thorough BIM education, it is more common for civil engineering
departments rather than architecture. The low levels of education, training, and skill among the
workforce have been identified among the most prominent features of construction in developing
countries affecting labor productivity (El-Gohary & Aziz, 2014; Hiyassat et al., 2016; Horner et al,,
1989; Jarkas, 2015; Mahamid et al., 2013) demonstrated that experience and skill of laborers has
a very high impact on construction labor productivity. Hence, the adoption and implementation of
BIM tools seem an effective solution to improve productivity of construction industry.

5. Conclusions

The rapid advancement of technology continues to leverage change and innovation in the con-
struction industry. This study aimed to identify a total of 39 factors influencing BIM adoption in
construction project implementation, which were grouped into the main 5-category, namely,
human, management, technology, project, and external. The data were collected by 159 valid
surveyed questionnaires with participants from the construction industry, and these factors were
ranked based on their RII index and descriptive statistics (i.e., mean and standard deviation). The
findings indicated that the most significant factors affecting BIM adoption in construction project
implementation consists of (1) “perceived usefulness,” (2) “speed of BIM tools,” (3) “perceived
benefits of BIM for organization,” (4) “technology quality,” and (5) “experience and skills.”

This study contributes to the topic of factors affecting BIM adoption in construction projects.
However, the results of the present study should be considered regarding its limitations. This
includes considering the potential lack of awareness of BIM users regarding operational aspects
of construction projects, which could be a reason behind some discrepancies with the research
outcomes in the past. Another factor limitation to consider is that concerns the fact that the
cultural and socio-economic factors of the construction industry might influence the awareness of
BIM users. Hence, the outcomes of this study should be generalized in other contexts with caution.

Although numerous researchers have conducted studying factors affecting BIM adoption in
many countries from different continents and various valuable results have been concluded
from these studies, it seems rather modest compared to a large number of countries and
construction projects around the world. Therefore, the authors encourage other researchers to
replicate this study in many different areas and countries so that the important factors revealing
elsewhere, and the bases platform the related findings can further support the comprehensive
theoretical understanding of the more complex problems of this topic area and the critical factors
related with specific socioeconomic conditions and cultural backgrounds.

The majority of researches in this area so far was conducted based on perceptions of BIM users
only. It is recommended that future directions should consider awareness of construction project
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stakeholders to identify and assess the importance levels of factors influencing BIM adoption in
the construction industry. It is essential for further studies into the determinant factors in the
implementation of different types of construction projects and respondents remain of central

interest.

Funding
The authors received no direct funding for this research.

Author details

Nguyen Van Tam?!

E-mail: tamnv2@nuce.edu.vn

ORCID ID: http://orcid.org/0000-0001-6238-6082

Tran Ngoc Diep!

Nguyen Quoc Toan'

Nguyen Le Dinh Quy?

E-mail: QuyNLD®@fe.edu.vn

! Faculty of Construction Economics and Management,
National University of Civil Engineering, Hanoi, Vietnam.

2 FPT University, Hanoi, Vietnam.

Citation information

Cite this article as: Factors affecting adoption of building
information modeling in construction projects: A case of
Vietnam, Nguyen Van Tam, Tran Ngoc Diep, Nguyen Quoc
Toan & Nguyen Le Dinh Quy, Cogent Business &
Management (2021), 8: 1918848.

References

Abbasnejad, B., & Moud, H. I. (2013). BIM and basic chal-
lenges associated with its definitions, interpretations
and expectations. International Journal of Engineering
Research and Applications (IJERA), 3(2), 287-294.
https://www.academia.edu/download/31103379/
AQ32287294.pdf

Abd Hamid, A. B., Taib, M. M., Razak, A. A., & Embi, M. R.
(2018). Building information modelling: Challenges
and barriers in implement of BIM for interior design
industry in Malaysia. In IOP Conference Series: Earth
and Environmental Science 10P Publishing.

Abubakar, M., Ibrahim, Y. M., Kado, D., & Bala, K. (2014).
Contractors’ perception of the factors affecting
Building Information Modelling (BIM) adoption in the
Nigerian Construction Industry. Computing in civil
and building engineering (2014) (pp. 167-178).

Acquah, R., Eyiah, A. K., & Oteng, D. (2018). acceptance of
building information modelling: A survey of profes-
sionals in the construction industry in Ghana. ITcon,
23, 75-91. https://itcon.org/papers/2018_04-ITcon-
Acquah.pdf

Ahuja, R., Sawhney, A., Jain, M., Arif, M., & Rakshit, S.
(2020). Factors influencing BIM adoption in emerging
markets-the case of India. International Journal of
Construction Management, 20(1), 65-76. https://doi.
0rg/10.1080/15623599.2018.1462445

Alaghbari, W., Al-Sakkaf, A. A., & Sultan, B. (2019). Factors
affecting construction labour productivity in Yemen.
International Journal of Construction Management,
19(1), 79-91. https://doi.org/10.1080/15623599.
2017.1382091

Attarzadeh, M., Nath, T., & Tiong, R. L. (2015). Identifying key
factors for building information modelling adoption in
Singapore. Proceedings of the Institution of Civil
Engineers-Management, Procurement and Law, 168(5),
220-231. https://doi.org/10.1680/jmapl.15.00030

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. https://doi.org/10.1061/(ASCE)LM.
1943-5630.0000127

Batarseh, S., & Kamardeen, 1. (2017). The impact of indi-
vidual beliefs and expectations on BIM adoption in
the AEC Industry. EPIC Series in Education Science, 1,
466-475. https://doi.org/10.29007/v8x|

Bui, N., Merschbrock, C., & Munkvold, B. E. (2016). A review
of building information modelling for construction in
developing countries. Procedia Engineering, 164,
487-494. https://doi.org/10.1016/j.proeng.2016.11.
649

Chan, D. W., Olawumi, T. 0., & Ho, A. M. (20190). Perceived
benefits of and barriers to Building Information
Modelling (BIM) implementation in construction: The
case of Hong Kong. Journal of Building Engineering,
25, 100764. https://doi.org/10.1016/j.jobe.2019.
100764

Chan, D. W., Olawumi, T. O., & Ho, A. M. (2019b). Critical
success factors for building information modelling
(BIM) implementation in Hong Kong. Engineering,
Construction and Architectural Management, 26(9),
1838-1854. https://doi.org/10.1108/ECAM-05-2018-
0204

Chen, L., & Luo, H. (2014). A BIM-based construction
quality management model and its applications.
Automation in Construction, 46, 64-73. https://doi.
0rg/10.1016/j.autcon.2014.05.009

Cheng, J. C., & Maq, L. Y. (2013). A BIM-based system for
demolition and renovation waste estimation and
planning. Waste Management, 33(6), 1539-1551.
https://doi.org/10.1016/j.wasman.2013.01.001

Dao, T.-N., & Chen, P.-H. (2020a). BIM adoption in con-
struction projects funded with state-managed capital
in Vietnam: Legal issues and proposed solutions. In
CIGOS 2019, innovation for sustainable infrastructure
(pp. 1211-1216). Springer.

Dao, T.-N., & Chen, P.-H. (2020b). Critical success factors
and a contractual framework for construction pro-
jects adopting building information modeling in
Vietnam. International Journal of Civil Engineering,
1-18. https://doi.org/10.1007/s40999-020-00542-3

El-Gohary, K. M., & Aziz, R. F. (2014). Factors influencing
construction labor productivity in Egypt. Journal of
Management in Engineering, 30(1), 1-9. https://doi.
org/10.1061/(ASCE)ME.1943-5479.0000168

Enegbuma, W. L., & Ali, K. N. (2011). A preliminary critical
success factor (CSFs) analysis of building information
modelling (BIM) implementation in Malaysia. In
Proceedings of the Asian Conference on Real Estate
Sustainable Growth, Management Challenges.

Ezeokoli, F., Okoye, P., & Nkeleme, E. (2016). Factors
affecting the adaptability of building information
modelling (BIM) for construction projects in Anambra
State Nigeria. Journal of Scientific Research & Reports,
11(5), 1-0. https://doi.org/10.9734/JSRR/2016/26563

Ghaffarianhoseini, A., Tookey, J., Ghaffarianhoseini, A.,
Naismith, N., Azhar, S., Efimova, O., & Raahemifar, K.
(2017). Building Information Modelling (BIM) uptake:
Clear benefits, understanding its implementation,
risks and challenges. Renewable and Sustainable
Energy Reviews, 75, 1046-1053. https://doi.org/10.
1016/j.rser.2016.11.083

Gu, N., & London, K. (2010). Understanding and facilitat-
ing BIM adoption in the AEC industry. Automation in
Construction, 19(8), 988-999. https://doi.org/10.1016/
j.autcon.2010.09.002

Page 15 of 17


https://www.academia.edu/download/31103379/AQ32287294.pdf
https://www.academia.edu/download/31103379/AQ32287294.pdf
https://itcon.org/papers/2018_04-ITcon-Acquah.pdf
https://itcon.org/papers/2018_04-ITcon-Acquah.pdf
https://doi.org/10.1080/15623599.2018.1462445
https://doi.org/10.1080/15623599.2018.1462445
https://doi.org/10.1080/15623599.2017.1382091
https://doi.org/10.1080/15623599.2017.1382091
https://doi.org/10.1680/jmapl.15.00030
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.1061/(ASCE)LM.1943-5630.0000127
https://doi.org/10.29007/v8xl
https://doi.org/10.1016/j.proeng.2016.11.649
https://doi.org/10.1016/j.proeng.2016.11.649
https://doi.org/10.1016/j.jobe.2019.100764
https://doi.org/10.1016/j.jobe.2019.100764
https://doi.org/10.1108/ECAM-05-2018-0204
https://doi.org/10.1108/ECAM-05-2018-0204
https://doi.org/10.1016/j.autcon.2014.05.009
https://doi.org/10.1016/j.autcon.2014.05.009
https://doi.org/10.1016/j.wasman.2013.01.001
https://doi.org/10.1007/s40999-020-00542-3
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000168
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000168
https://doi.org/10.9734/JSRR/2016/26563
https://doi.org/10.1016/j.rser.2016.11.083
https://doi.org/10.1016/j.rser.2016.11.083
https://doi.org/10.1016/j.autcon.2010.09.002
https://doi.org/10.1016/j.autcon.2010.09.002

Van Tam et al., Cogent Business & Management (2021), 8: 1918848
https://doi.org/10.1080/23311975.2021.1918848

Hai, D. T., & Van Tam, N. (2019). Application of the
regression model for evaluating factors affecting
construction workers’ labor productivity in Vietnam.
The Open Construction & Building Technology Journal,
13(1), 353-362. https://doi.org/10.2174/
1874836801913010353

Haron, A. T., Marshall-Ponting, A. J., Zakaria, Z.,

Nawi, M. N. M., Hamid, Z. A., & Kamar, K. A. M. (2015).
An industrial report on the Malaysian building infor-
mation modelling (BIM) taskforce: Issues and
recommendations. Malaysian Construction Research
Journal, 17(2), 21-36. http://usir.salford.ac.uk/id/
eprint/50688

Hiyassat, M. A., Hiyari, M. A., & Sweis, G. J. (2016). Factors
affecting construction labour productivity: A case
study of Jordan. International Journal of Construction
Management, 16(2), 138-149. https://doi.org/10.
1080/15623599.2016.1142266

Hoang, G., Vu, D. K. T,, Le, N. H., & Nguyen, T. P. (2020).
Benefits and challenges of BIM implementation for
facility management in operation and maintenance
face of buildings in Vietnam. In IOP Conference
Series: Materials Science and Engineering I10P
Publishing.

Hochscheid, E., & Halin, G. (2019). A framework for
studying the factors that influence the BIM adoption
process. In CIB W78-Information Technology for
Construction.

Hong, Y., Sepasgozar, S. M., Ahmadian, A. F. F., &
Akbarnezhad, A. (2016). Factors influencing BIM
adoption in small and medium sized construction
organizations. In ISARC. Proceedings of the
International Symposium on Automation and
Robotics in Construction IAARC Publications.

Horner, R., Talhouni, B., & Thomas, H. (1989). Preliminary
results of major labour productivity monitoring
programme. In Proceedings of the 3rd Yugoslavian
Symposium on Construction Management Cavtat. .

Jarkas, A. M. (2015). Factors influencing labour produc-
tivity in Bahrain’s construction industry. International
Journal of Construction Management, 15(1), 94-108.
https://doi.org/10.1080/15623599.2015.1012143

Kerosuo, H., Miettinen, R., Paavola, S., Mdki, T., &
Korpelg, J. (2015). Challenges of the expansive use of
Building Information Modeling (BIM) in construction
projects. Production, 25(2), 289-297. https://doi.org/
10.1590/0103-6513.106512

Khaddaj, M., & Srour, 1. (2016). Using BIM to retrofit
existing buildings. Procedia Engineering, 145,
1526-1533. https://doi.org/10.1016/j.proeng.2016.04.
192

Khosrowshahi, F., & Arayici, Y. (2012). Roadmap for
implementation of BIM in the UK construction
industry. Engineering, Construction and Architectural
Management, 19(6), 610-635. https://doi.org/10.
1108/09699981211277531

Ku, K., & Taiebat, M. (2011). BIM experiences and expec-
tations: The constructors’ perspective. International
Journal of Construction Education and Research, 7(3),
175-197. https://doi.org/10.1080/15578771.2010.
544155

Latiffi, A. A.,, Mohd, S., Kasim, N., & Fathi, M. S. (2013).
Building information modeling (BIM) application in
Malaysian construction industry. International
Journal of Construction Engineering and
Management, 2(4A), 1-6.

Liu, R, Issq, R., & Olbing, S. (2010). Factors influencing the
adoption of building information modeling in the AEC
Industry. In Proceedings of the international
Conference on Computing in Civil and building
Engineering.

X: cogent.-business & management

Love, P. E., Matthews, J., & Lockley, S. (2015). BIM in
facilities management applications: A case study of
a large university complex. Built Environment Project
and Asset Management. https://doi.org/10.1108/
BEPAM-02-2014-0011

Mahamid, I. (2013). Contractors perspective toward fac-
tors affecting labor productivity in building
construction. Engineering, Construction and
Architectural Management, 20(5), 446-460. https://
doi.org/10.1108/ECAM-08-2011-0074

Mahamid, I., Al-Ghonamy, A., & Aichouni, M. (2013). Major
factors influencing employee productivity in the KSA
public construction projects. International Journal of
Civil & Environmental Engineering IJCEE-IJENS, 14(1),
16-20. https://www.academia.edu/download/
57560352/Major_Factors_Influencing_Employee_
Produ20181013-27702-1bsl02b.pdf

Mohammad, W., Abdullah, M. R, Ismail, S., & Takim, R.
(2018). Overview of Building Information Modelling
(BIM) adoption factors for construction
organisations. In IOP Conference Series: Earth and
Environmental Science.

Noor, S. M., Junaidi, S. R., & Ramly, M. K. A. (2018).
Adoption of building information modelling (bim):
Factors contribution and benefits. Journal of
Information, 3(10), 47-63. http://www.jistm.com/
PDF/JISTM-2018-10-12-08.pdf

Olawumi, T. O., & Chan, D. W. (2019). Building information
modelling and project information management
framework for construction projects. Journal of Civil
Engineering and Management, 25(1), 53-75. https://
doi.org/10.3846/jcem.2019.7841

Oraee, M., Hosseini, M. R, Edwards, D. J., Li, H.,
Papadonikolaki, E., & Cao, D. (2019). Collaboration
barriers in BIM-based construction networks:

A conceptual model. International Journal of Project
Management, 37(6), 839-854. https://doi.org/10.
1016/j.ijproman.2019.05.004

Panuwatwanich, K., & Peansupap, V. (2013). Factors
affecting the current diffusion of BIM: A qualitative
study of online professional network. In Creative
Construction Conference, Budapest, Hungary.
Citeseer.

Qian, A. Y., Benefits and ROI of BIM for multi-disciplinary
project management. National University of
Singapore 2012.

Qin, X., Shi, Y., Lyu, K., & Mo, Y. (2020). Using a TAM-TOE
model to explore factors of Building Information
Modelling (BIM) adoption in the construction
industry. Journal of Civil Engineering and
Management, 26(3), 259-277. https://doi.org/10.
3846/jcem.2020.12176

Rippel, U., & Schatz, K. (2011). Designing a BIM-based
serious game for fire safety evacuation simulations.
Advanced Engineering Informatics, 25(4), 600-611.
https://doi.org/10.1016/j.aei.2011.08.001

Sanchis Pedregosa, C., Vizcarra Aparicio, J. M., & Leal
Rodriguez, A. L., BIM: A technology acceptance model
in Peru. 2020.

Sargent, K., Hyland, P., & Sawang, S. (2012). Factors
influencing the adoption of information technol-
ogy in a construction business. Australasian
Journal of Construction Economics and Building,
The, 12(2), 72. https://doi.org/10.5130/AJCEB.
v12i2.2448

Shehzad, H. M. F., Ibrahim, R. B., Yusof, A. F., & Khaidzir, K. A. M.
(2019). Building information modeling: Factors affecting
the adoption in the AEC industry. In 2019 6th
International Conference on Research and Innovation in
Information Systems (ICRIIS) IEEE.

Page 16 of 17


https://doi.org/10.2174/1874836801913010353
https://doi.org/10.2174/1874836801913010353
http://usir.salford.ac.uk/id/eprint/50688
http://usir.salford.ac.uk/id/eprint/50688
https://doi.org/10.1080/15623599.2016.1142266
https://doi.org/10.1080/15623599.2016.1142266
https://doi.org/10.1080/15623599.2015.1012143
https://doi.org/10.1590/0103-6513.106512
https://doi.org/10.1590/0103-6513.106512
https://doi.org/10.1016/j.proeng.2016.04.192
https://doi.org/10.1016/j.proeng.2016.04.192
https://doi.org/10.1108/09699981211277531
https://doi.org/10.1108/09699981211277531
https://doi.org/10.1080/15578771.2010.544155
https://doi.org/10.1080/15578771.2010.544155
https://doi.org/10.1108/BEPAM-02-2014-0011
https://doi.org/10.1108/BEPAM-02-2014-0011
https://doi.org/10.1108/ECAM-08-2011-0074
https://doi.org/10.1108/ECAM-08-2011-0074
https://www.academia.edu/download/57560352/Major_Factors_Influencing_Employee_Produ20181013-27702-1bsl02b.pdf
https://www.academia.edu/download/57560352/Major_Factors_Influencing_Employee_Produ20181013-27702-1bsl02b.pdf
https://www.academia.edu/download/57560352/Major_Factors_Influencing_Employee_Produ20181013-27702-1bsl02b.pdf
http://www.jistm.com/PDF/JISTM-2018-10-12-08.pdf
http://www.jistm.com/PDF/JISTM-2018-10-12-08.pdf
https://doi.org/10.3846/jcem.2019.7841
https://doi.org/10.3846/jcem.2019.7841
https://doi.org/10.1016/j.ijproman.2019.05.004
https://doi.org/10.1016/j.ijproman.2019.05.004
https://doi.org/10.3846/jcem.2020.12176
https://doi.org/10.3846/jcem.2020.12176
https://doi.org/10.1016/j.aei.2011.08.001
https://doi.org/10.5130/AJCEB.v12i2.2448
https://doi.org/10.5130/AJCEB.v12i2.2448

Van Tam et al., Cogent Business & Management (2021), 8: 1918848
https://doi.org/10.1080/23311975.2021.1918848

cogent--0a

®

Soekiman, A., Pribadi, K. S., Soemardi, B. W., &
Wirahadikusumah, R. D. (2011). Factors relating to
labor productivity affecting the project schedule per-
formance in Indonesia. Procedia Engineering, 14,
865-873. https://doi.org/10.1016/j.proeng.2011.07.110

Succar, B. (2009). Building information modelling frame-
work: A research and delivery foundation for industry
stakeholders. Automation in Construction, 18(3),
357-375. https://doi.org/10.1016/j.autcon.2008.10.003

Van Tam, N., Huong, N. L., & Ngoc, N. B. (2018). Factors
affecting labour productivity of construction worker
on construction site: A case of Hanoi. Journal of
Science and Technology in Civil Engineering (STCE)-
NUCE, 12(5), 127-138. https://doi.org/10.31814/stce.
nuce2018-12(5)-13

Van Tam, N., Quoc Toan, N., Tuan Hai, D., & Le Dinh
Quy, N. (2021). Critical factors affecting construction
labor productivity: A comparison between percep-
tions of project managers and contractors. Cogent

X: cogent.-business & management

Business & Management, 8(1), 1863303. https://doi.
0rg/10.1080/23311975.2020.1863303

Wang, G., Liu, Z., & Wang, H. (2016). Key factors affecting
BIM adoption is China based on TOE&RC. In
International Conference on Mechanics, Materials and
Structural Engineering (ICMMSE 2016) Atlantis Press.

Wetzel, E. M., & Thabet, W. Y. (2015). The use of a
BIM-based framework to support safe facility
management processes. Automation in
Construction, 60, 12-24. https://doi.org/10.1016/j.
autcon.2015.09.004

Xing, D., & Tao, J. (2015). Design and application of green
building based on BIM. In Geo-Informatics in resource
management and sustainable ecosystem (pp.
901-907). Springer, Berlin, Heidelberg.

Zou, Y., Kiviniemi, A., & Jones, S. W. (2017). A review of
risk management through BIM and BIM-related
technologies. Safety Science, 97, 88-98. https://doi.
org/10.1016/j.ssci.2015.12.027

© 2021 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

You are free to:

Share — copy and redistribute the material in any medium or format.
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

No additional restrictions

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Business & Management (ISSN: 2331-1975) is published by Cogent OA, part of Taylor & Francis Group.

Publishing with Cogent OA ensures:

«  Immediate, universal access to your article on publication

»  High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

+  Download and citation statistics for your article

*  Rapid online publication

«  Input from, and dialog with, expert editors and editorial boards

+  Retention of full copyright of your article

*  Guaranteed legacy preservation of your article

«  Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 17 of 17


https://doi.org/10.1016/j.proeng.2011.07.110
https://doi.org/10.1016/j.autcon.2008.10.003
https://doi.org/10.31814/stce.nuce2018-12(5)-13
https://doi.org/10.31814/stce.nuce2018-12(5)-13
https://doi.org/10.1080/23311975.2020.1863303
https://doi.org/10.1080/23311975.2020.1863303
https://doi.org/10.1016/j.autcon.2015.09.004
https://doi.org/10.1016/j.autcon.2015.09.004
https://doi.org/10.1016/j.ssci.2015.12.027
https://doi.org/10.1016/j.ssci.2015.12.027

	1.  Introduction
	2.  Literature review
	3.  Research methodology
	3.1.  Sampling and data collection
	3.2.  Measurement method

	4.  Results and DISCUSSIONS
	4.1.  Human factors group
	4.2.  Management factors group
	4.3.  Technological factors group
	4.4.  Project factor group
	4.5.  External factors group
	4.6.  Overall ranking critical factors influencing BIM adoption

	5.  Conclusions
	Funding
	Author details
	References



