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Abstract. The emerging Building Information Modeling (BIM) can better promote the development of building industrialization, with data integration between information-rich building models and business processes. However, the practical
implementation of BIM still faces barriers. Existing studies have discussed these barriers extensively, but the research on
the barriers to the implementation of BIM amid building industrialization in China is inadequate. In this study, 23 barriers
were identified through literature review. A questionnaire survey approach was used to collect data from various parties.
Factor analysis methods were used to process and rank barrier factors for BIM applications in the context of industrialized
building. Based on the analysis of each factor, analytic hierarchy process was adopted to identify the key barriers to the
implementation of BIM for industrialized building construction. The study concluded that the main barriers for BIM implementation for industrialized building were capital-related factors and the lack of support from owners. This study proposes that in addition to governmental policy support for BIM and multi-stakeholder engagement, companies should also
organize experts to effectively evaluate the risks of applying BIM. Overall, this study provides suggestions on construction
organizational transformations in the roadmap of moving towards digital-driven building industrialization.
Keywords: industrialized building, building information modeling, prefabricated construction, China, barrier, Analytic
hierarchy process, factor analysis, questionnaire survey.

Introduction
Since 1980, the productivity of construction industry
worldwide has not been significantly enhanced. Compared
to other industries, construction is still facing problems
such as low profit margins and shortage of skilled workers (Babič et al., 2010). Low production efficiency directly
leads to high costs (Wandahl & Ussing, 2013). As the largest construction market worldwide (Li et al., 2017), China
is facing the challenge of rising labor cost and sustainable development (He & Chen, 2013). In addition, China’s construction industry still has problems such as low
production efficiency, large consumption of resources and
energy, frequent safety accidents and environmental pollution (Zhang et al., 2016). Building industrialization, or
off-site manufacturing of building construction, improves
labor productivity by carrying out standardized design,

factory production of structural components, and on-site
assembly construction (Shen & Li, 2015). It has become
a key strategic direction for the construction industry to
upgrade the traditional construction, and has attracted
significant attention of the industry and governmental
authorities at all levels (Wang et al., 2016).
BIM (Building Information Modeling) enables the
construction industry to achieve informatization and efficient production through data integration between information-rich building models and business processes,
thus promoting the development of off-site construction
industrialization (Chan et al., 2019). In Europe, Japan,
and Hong Kong SAR, BIM has been widely used in real
estate development (Chunxia, 2011). However, there are
still many factors hindering the implementation of BIM,
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such as cultural resistance, high investment costs, uncertainty about return on investment (ROI), participants unwilling to coordinate and lack of common BIM standards
(Elmualim & Gilder, 2014; Enshassi et al., 2016; Ismail
et al., 2017; Mahalingam et al., 2015; Tan et al., 2019).
Many researchers have proposed many valuable suggestions in solving these problems. Liu et al. (2015), Enshassi
et al. (2016) and Ahmed (2018) believe that all stakeholders must work together to promote the development of
BIM. Memon et al. (2014) proposed that providing trial
software, training construction personnel, and introducing BIM in university courses are effective strategies to
strengthen BIM implementation.
A review of these previous studies related to BIM and
building industrialization revealed that: 1) limited studies
have been performed in identifying the barriers to BIM
implementation worldwide; 2) there have been limited
studies focusing on how these barriers can be overcome in
the context of building industrialization. This paper aims
to explore the barriers towards BIM implementation amid
building industrialization using Yangtze River Delta in
China as the case. The objectives of this research include:
1) identifying barriers involved in BIM implementation
for building industrialization; 2) analyzing the results obtained from questionnaire survey statistically; and 3) providing recommendations for overcoming obstacles. Based
on the literature review and questionnaire survey method,
23 barriers towards BIM implementation were identified
and analyzed. The key factors were determined by using
analytic hierarchy process (AHP). Totally five countermeasures were proposed to address the above obstacles.

1. Identification and classification
of barrier factors
In this study, the literature review started from keyword
search in Scopus, Web of Science and Google Scholar,
which are frequently used database with a wider coverage
of journals and more recent publications (Xu et al., 2018).
Keywords in the search of database included “building information modeling”, “BIM”, “industrialization”, “prefabrication”, “barrier”, “obstacles”, etc. The abstracts of each
paper were read by the research team members in order
to screen out relevant articles. Then, the barriers towards
BIM implementation described in these articles were summarized and were divided into five categories, as shown
in Table 1.
Table 1 provides the comprehensive evaluation of critical factors related to BIM implementation worldwide, such
as organizational change and management support (Liao
& Teo, 2019). The detailed evaluation of the literature listed in Table 1 is added to explain the five main factors and
their sub-factors related to project stakeholders, financial
investment, employees’ uptake, external environment (e.g.,
legislation), software. These factors are not separated from
each other, for example, functionalities of existing BIM
software package would affect employee’s uptake and ac-

ceptance of BIM. The evaluation as reflected in Table 1
highlights BIM adoption in the context of prefabricated
construction.

2. Questionnaire survey and statistics
2.1. Questionnaire survey
BIM adoption boosts standardization of architectural design, factory manufacturing of off-site components, construction and assembly, informationization of production
and operation, and integration of construction project
production. The questionnaire comprised of two main
parts. The first part which was multiple choice focused on
the professional background, as well as general opinions
of survey participants coming from construction industry in the Yangtze River Delta of China. In the second
part of the questionnaire, five-point Likert scale questions
were initiated to measure barriers to BIM implementation in the context of building industrialization listed in
Table 1. Through an online questionnaire survey, it is
targeted to employees of companies in the construction
field that use BIM technology and prefabricated buildings and totally 153 valid questionnaire responses were
received. According to the information obtained through
the questionnaire feedback is as follows, the background
of the survey participants in this questionnaire survey,
the designer accounted for 24.84%, the construction accounted for 35.95%, the owner accounted for 20.26%, and
the institution accounted for 24.84%. Among the people
surveyed, 67.32% of people have 0–5 years of work experience, 22.22% of 5–10 years, 4.58% of 10–15 years, 5.88%
higher than 15 years, as shown in Figure 1 and Figure 2.

2.2. Statistical analysis
Before the exploratory analysis, rationality analysis of the
identified potential barrier factors was conducted by using Kaisor-Meyer-Olkin (KMO) and Bartlett’s sphericity
test, which determined whether the data met criteria for
factor analysis. There is no uniform standard for the appropriate minimum value for the KMO to be considered
acceptable. Its value varies from 0.50 to 0.70 (Ballantyne
et al., 2011). According to Tabachnick et al. (2007), KMO
value of 0.6 and above are considered good, and a value
of 0.697 indicates that the factors extracted will account
for a reasonable amount of variance. As shown in Table 2,
the KMO value was 0.776, and the significance of Bartlett’s
sphericity was 0.003 (χ2 = 995, df = 324), indicating that
the samples met the criteria for factor analysis.
To ensure that the feedback information is valid, further reliability estimate of data obtained from the questionnaire survey was conducted by adopting Cronbach’s
Alpha. As one of the most widely used measures of reliability in the social and organizational sciences, Cronbach’s Alpha determines the internal consistency or average correlation of items in a survey instrument to gauge
its reliability (Bonett & Wright, 2015; Santos, 1999).
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Table 1. Identification and classification of potential barrier factors
Primary factor
A: Project
stakeholderrelated factors

Sub-factor
A01: Lack of
support from senior
management
A02: Low level of
cooperation between
project participants
A03: Lack of
experience in using
BIM
A04: Unclear
responsibilities for
BIM users
A05: Lack of
collaborative working
processes
A06: Reluctant to
share information
publicly for
stakeholders
A07: Lack of demand
for BIM from clients

B: Financiallyrelated factors

References

Summary and evaluation

Ahmed (2018); Arayici et al. (2011); Eadie
et al. (2014); Ganah and John (2015); Jung and
Joo (2011); Liu et al. (2015); Qinghua and Jing
(2012)

There has been a lack of guidelines
so far to standardize the process
of adopting BIM for industrialized
building projects. Specifically, different
stakeholders (e.g., clients, contractor,
Ahmed (2018); von Both (2012); Chan et al.
architects, etc.) have not been able to
(2019); Chunxia (2011); Kekana et al. (2014);
Newton and Chileshe (2012); Zhang et al. (2013) find the coordinated way of working
with each other crossing project stages.
Ahmed (2018); Kekana et al. (2014);
The fear of changes brought by BIM
Khosrowshahi and Arayici (2012); Zhang et al.
and prefabrication methods different
(2013)
from the traditional site construction
delivery make stakeholders reluctant
Ahmed (2018); Azhar (2011); Chan (2014);
to embrace them. The reluctance or
Eadie et al. (2014); Kekana et al. (2014);
resistance of changes from companies’
Qinghua and Jing (2012); Zhang et al. (2013)
senior management personnel causes
Kekana et al. (2014); Liao et al. (2019)
little progress in introducing BIM
into the organization, especially when
their experience and knowledge of
Ahmed (2018); Kiviniemi et al. (2008); Qinghua BIM is really limited. Even for those
and Jing (2012); Zhang et al. (2013)
organizations who have started
adopting BIM, different BIM authoring
tools or software packages bring
Abubakar et al. (2014); Ahmed (2018); Ahmed the challenges in data sharing and
et al. (2014); Arayici et al. (2011); Chan (2014); information exchange. The lack of
Enshassi and AbuHamra (2017); Hosseini et al. legislation is also making stakeholders
concerned of the copyright and
(2016b); Jianxin (2010); Khosrowshahi and
Arayici (2012); Kiani et al. (2015); Matarneh and ownership of data or models within
the digital assets. There is a need for
Hamed (2017); Memon et al. (2014); Qinghua
clearer definitions regarding the rights
and Jing (2012); Ullah et al. (2019)
and responsibilities in accessing and
using data.

B01: High cost of
BIM software

Abubakar et al. (2014); Ahmed (2018); Ahmed
et al. (2014); Azhar (2011); Chan (2014); Crotty
(2013); Eadie et al. (2014); Gerges et al. (2017);
Hosseini et al. (2016a); Ismail et al. (2017);
Khosrowshahi and Arayici (2012); Kiani et al.
(2015); Kiviniemi et al. (2008); Liu et al. (2015);
Matarneh and Hamed (2017); Memon et al.
(2014); Newton and Chileshe (2012); Qinghua
and Jing (2012); Stanley and Thurnell (2014);
Thompson and Miner (2006); Yan and Demian
(2008); Zhang et al. (2013)

B02: High risk of
ROI

Ahmed (2018); Eadie et al. (2014); Tan et al.
(2019); Ullah et al. (2019)

Although with promising returns
of investment in adopting BIM, the
short-term higher costs (e.g., BIM
software investment) could cause
financial burdens especially for small
and medium-sized enterprises. Part
of industry professionals perceive the
investment could not be recovered by
return, which is measured by tangible
and intangible benefits brought by
BIM, such as reduced design errors,
increased productivity, and enhanced
company images for marketing, etc.

B03: Lack of benefits Abubakar et al. (2014); Ahmed (2018);
brought by BIM
Elmualim and Gilder (2014); Hosseini et al.
(2016a); Zhang et al. (2013)
C: Employeerelated factors

C01: Lack of talents
with relevant skills
and knowledge

C02: Slow uptake
of BIM-related
technologies
C03: Unavailability
of proper training
on BIM

Technological advancement cannot be
achieved without skilled employees
who can adopt and promote BIM.
For those who are new to BIM, the
learning curve and uptake process
can be time-consuming creating
extra burden and costing resources
to employees. As a result, employees’
motivation may not be maintained
Ahmed (2018); Chunxia (2011)
high. Current BIM education and
training have been focusing more on
specialized software operation, but
Ahmed (2018); Chan (2014); Chan et al. (2019); have not been sufficiently reaching the
Eadie et al. (2014); Enshassi and AbuHamra
project-based applications.
(2017); Gerrard et al. (2010); Kiani et al. (2015);
Matarneh and Hamed (2017); Newton and
Chileshe (2012); Park and Kim (2017)
Abubakar et al. (2014); Ahmed (2018); Arayici
et al. (2011); von Both (2012); Chan (2014);
Chunxia (2011); Enshassi and AbuHamra
(2017); Gerges et al. (2017); Gerrard et al.
(2010); Hosseini et al. (2016a); Kiani et al.
(2015); Liu et al. (2015); Matarneh and Hamed
(2017); Memon et al. (2014); Newton and
Chileshe (2012); Wang et al. (2016)
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End of Table 1
Primary factor

D: Factors
related to
external
environment

Sub-factor

References

D01: Insufficient
legislation and
regulations

There has not been sufficient BIM
practical experience in the context
of prefabricated construction.
Stakeholders expect the existing
experience of BIM adoption in projects
and established standards for their
own project delivery. However, the
Ahmed (2018); Chunxia (2011); Matarneh and inadequate standards, legislation, and
guidelines especially integrating BIM
Hamed (2017); Zhang et al. (2013)
for prefabricated construction make
stakeholders and their organizations
Abubakar et al. (2014); Ahmed (2018); von Both challenging in the transformation
(2012); Chan (2014); Chan et al. (2019); Kekana towards digital-driven industrialization
et al. (2014); Kiviniemi et al. (2008); Li and Yang in construction.
(2017); Liu et al. (2015); Matarneh and Hamed
(2017); Qinghua and Jing (2012); Stanley and
Thurnell (2014); Tan et al. (2019); Ullah et al.
(2019); Zhang et al. (2013)
Abubakar et al. (2014); Ahmed (2018); Azhar
(2011); Eadie et al. (2014); Enshassi and
AbuHamra (2017); Gerrard et al. (2010); Jianxin
(2010); Kekana et al. (2014); Kiani et al. (2015);
Li and Yang (2017); Qinghua and Jing (2012);
Stanley and Thurnell (2014); Ullah et al. (2019);
Zhang et al. (2013)

D02: Weak
theoretical
foundation
D03: Lack of
standards to guide
implementation

E: Softwarerelated factors

Summary and evaluation

D04: Organizations
not supporting the
use of BIM due to
cultural resistance

Chan et al. (2019); Czmoch and Pękala (2014);
Hope and Alwan (2012); Hosseini et al. (2016a);
Won and Lee (2010); Wong et al. (2009)

E01: Lack of
domestic-oriented
BIM tools

Chunxia (2011); He et al. (2012); Li and Yang
(2017); Pan and Zhao (2012); Tan et al. (2019);
Zhang et al. (2013)

E02: Poor user
experience for
software developed
abroad
E03: Complexity
of existing BIM
software
E04: Poor
interoperability of
BIM software tools

E05: Poor security
performance of BIM
E06: Incomplete
modeling functions
in BIM software
tools

BIM authoring software tools are
an important part of construction
industry’s digitalization path. Various
issues related to software tools are
Chunxia (2011); B. Liu and W. Liu (2015)
causing barriers, e.g., different software
tools in the market causing data and
information uninterpretable among
project partners. International software
Ahmed et al. (2014); von Both (2012); Chan
package has to be adapted in the
(2014); Jianxin (2010); Qinghua and Jing (2012); local industry context. The currently
Stanley and Thurnell (2014); Ullah et al. (2019) localized software tools cannot
fully meet the project needs such as
von Both (2012); Chan (2014); Elagiry et al.
(2019); Enshassi and AbuHamra (2017); Gerrard functionalities in the digital library of
modularized building components.
et al. (2010); Hosseini et al. (2016b); Jianxin
Rule-checking following the local
(2010); Jordani (2010); Kekana et al. (2014);
Kiviniemi et al. (2008); Migilinskas et al. (2013); industry regulations and codes is
also an issue by using existing BIM
Newton and Chileshe (2012); Park and Kim
author tools. Available BIM software
(2017); Qinghua and Jing (2012); Stanley and
tools may turn out more challenging
Thurnell (2014); Ullah et al. (2019)
for employees to adopt (e.g., userZhang et al. (2013)
friendliness) compared to the software
package in the pre-BIM era.
von Both (2012); Zhang et al. (2013)

10–15 years
4.58%
Designer
18.95%

Houseing
developer
20.26%
5–10 years
22.22%

Contractor
35.95%

More than 15 years
5.88%

Institution
24.84%

Figure 1. Specific fields of work

0–5 years
67.32%

Figure 2. Working experience
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Table 2. KMO and Bartlett’s tests
Kaiser-Meyer-Olkin measure of sampling sufficiency
Bartlett’s
sphericity test

Approximate chi-square

0.776
995.318

df

324

Sig.

0.003
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shows the mean value of factors that hinder the implementation of BIM in the context of building industrialization. The factors with a mean value greater than 3.9 were
selected for analysis.
1) A01: Lack of support from senior management

The value of Cronbach’s Alpha expressed as a numerical
value between 0 and 1. The closer the coefficient is to 1.0,
the greater the internal consistency of the items would be,
as shown in Table 3 (Namdeo & Rout, 2016). Cronbach ’s
Alpha coefficient of this questionnaire was calculated by
using SPSS. The value is 0.906 which indicates that the
questionnaire design is excellent.

3. Results and discussion
3.1. Identification of key barriers based
on factor analysis
The date collected from the questionnaire was analyzed
by using SPSS software. The mean value, standard deviation, variance and skewness are shown in Table 4. Figure 3

The support from senior management in the construction
industry not only refers to the support from the leaders
of the company and project, but also includes the support
from the owner. Although the support of organizational
senior management is important, it will be greatly affected in terms of funding from the owner. The development
and application of BIM in the project will be greatly affected if the owner’s support is lacking. According to the
information collected from the questionnaire survey, most
respondents agreed that the support of senior leaders is
critical to the implementation of BIM in building industrialization. As shown in Table 5, the lack of support from
senior management has been ranked as very important by
34.64% of the respondents, and only a small number of
respondents (1.96%) believe that the lack of support from
senior management is not important.

Table 3. The scales of Cronbach’s Alpha coefficient for reliability estimate
Cronbach’s Alpha

[0, 0.5)

[0.5, 0.6)

[0.6, 0.7)

[0.7, 0.8)

[0.8, 0.9)

[0.9, 1]

Reliability estimate

Unacceptable

Poor

Questionable

Acceptable

Good

Excellent

Table 4. Statistical analysis of factors that hinder the application of BIM for building industrialization
Category
A: Project
stakeholder-related

Barrier

A01: Lack of support from senior management
A02: Low level of cooperation between project participants
A03: Lack of experience in using BIM
A04: Unclear responsibilities for BIM users
A05: Lack of collaborative working processes
A06: Reluctant to share information publicly for participants
A07: Owner lacks of demand for BIM
B: Financially-related B01: High cost of BIM software
B02: High risk of ROI
B03: Lack of benefits brought by BIM
C: Employee-related C01: Lack of talent with relevant skills and knowledge
C02: Slow learning of BIM-related technologies
C03: Unavailability of proper training on BIM
D: Related to the
D01: Relevant laws and regulations are not perfect
external environment D02: Weak theoretical foundation
D03: Lack of standards to guide implementation
D04: Organizations do not support the use of BIM due to habits
E: Related to software E01: Lack of domestic-oriented BIM tools
E02: Poor user experience for software developed abroad
E03: Complexity of existing BIM software
E04: Poor interoperability of BIM software
E05: Poor security performance of BIM
E06: Incomplete modeling functions in BIM software

Mean
value

Standard
deviation

4.03
3.8
4
3.83
3.84
3.86
3.81
3.92
3.82
3.92
3.9
3.71
3.75
3.79
3.6
3.76
3.79
3.79
3.56
3.73
3.76
3.58
3.8

0.93
0.86
0.93
0.92
0.93
0.94
1.1
0.91
0.84
0.91
0.88
0.86
0.92
0.87
0.89
0.88
0.82
0.85
0.94
0.92
0.9
0.94
1.0

Variance Skewness
0.87
0.75
0.86
0.85
0.86
0.88
1.1
0.84
0.72
0.84
0.77
0.75
0.86
0.76
0.79
0.78
0.7
0.72
0.89
0.85
0.82
0.9
1.0

–0.94
–0.35
–0.54
–0.47
–0.52
–0.4
–0.6
–0.63
–0.37
–0.4
–0.39
–0.32
–0.11
–0.06
–0.08
–0.05
–0.16
–0.44
–0.51
–0.35
–0.42
–0.36
–0.51
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4.1
4.03

4

4

3.92
3.9
3.8

3.8

3.83 3.84

3.86
3.81

3.92

3.9

3.82
3.71

3.75

3.79

3.76

3.793.79
3.73

3.8

3.76

3.7
3.6

3.6

3.58

3.56

3.5
3.4
3.3

A01 A02 A03 A04 A05 A06 A07 B01 B02 B03 C01 C02 C03 D01 D02 D03 D04 E01 E02 E03 E04 E05 E06

Figure 3. Mean value of factors that hinder the implementation of BIM in the background of building industrialization
Table 5. Statistics table on the importance of lack of support
from senior management
Lack of support from
senior management

number of
respondents

Percentage

Not important

3

1.96%

Can be ignored

6

3.92%

Somehow important

28

18.3%

Important

63

41.18%

Very important

53

34.64%

In this survey, 15.69% of the respondents indicated that
the level of BIM in their organization is very low, 20.26%
of the respondents indicated that the level of BIM is relatively low, and 39.22% of the respondents indicated that
the level of BIM technology in company is high, 22.22% of
the respondents indicated that the level of BIM technology
is relatively high, and only 2.61% of the respondents indicated that the level of BIM technology in their company is
very high, as shown in Figure 4. Obviously, the implementation of BIM without senior management support is one
main reason for the obstacles to the application of BIM.

2) A03: Lack of experience in adopting BIM
Among the information collected from the questionnaire
survey, most respondents recognized the importance of
BIM implementation experience. In this survey, 36.6% of
respondents perceived that experience is very important
in the application of BIM, and only 0.65% of the respondents believe that lack of experience is not important for
the application of BIM technology, as shown in Table 6.
In this survey, 26.8% of the respondents claimed that
they had never deployed BIM at work, 20.26% of the respondents said that they occasionally used BIM at work,
Table 6. Statistics table on the importance of the lack
of experience in using BIM in the project
Lack of experience in
using BIM

Number of
respondents

Percentage

Not important

1

0.65%

Can be ignored

7

4.58%

A little important

39

25.49%

Important

50

32.68%

Very important

56

36.6%

Always use
5.23%

Very high
2.61%
Very low
15.69%

Often use
18.95%

Relatively high
22.22%

Never use
26.80%

Relatively low
20.26%
High
39.22%

Figure 4. statistical chart of implementation degree of BIM
in respondents’ companies

Moderate
28.76%

Occasionally use
20.26%

Figure 5. Statistical chart of BIM application degree
of respondents

Journal of Civil Engineering and Management, 2021, 27(1): 1–13
and 28.76% of the respondents said that the use of BIM
technology at work was moderate. 18.95% of the respondents indicated that they often use BIM technology in
their work, and only 5.23% of the respondents indicated
that they always use BIM technology in their work, as
shown in Figure 5. Therefore, the government needs to
guide related industries, actively promote the use of BIM
technology in engineering projects, increase the BIM application rate, and enhance the experience of various companies in the construction industry using BIM in projects.
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From the above analysis, it is seen that the return on
investment of the project using BIM is lower than the
benchmarked return, which causes the application obstacles of BIM. Therefore, the cooperation and communication with BIM software development enterprises and
BIM consulting companies can be strengthened to reduce
the later maintenance cost of the software, thus promoting
the application of BIM Technology in the building industrialization.

3) B01: High cost of BIM software
It can be seen from the information collected from the
questionnaire survey that the high cost of BIM software
is also the main reason that affects the application of BIM
technology. Among them, 29.41% of the respondents
think that software costs are very critical, and those who
think that software costs are not important account for
only 1.31%, as shown in Table 7.

4) B03: Lack of benefits brought by BIM
It can be seen from the feedback data that the benefits
brought by BIM technology are also important factors affecting the application of BIM technology. In this survey,
it can be found that 66.02% of respondents believe that the
actual benefits brought by BIM technology are important
or very important, while only 0.65% of the respondents
consider the actual benefits brought by BIM technology
are not important. as shown in Table 8.

Table 7. Statistical table of the importance of the high cost
of BIM software

Table 8. Statistics table on the importance of the actual benefits
brought by BIM technology

High cost of BIM
software

Number of
respondents

Percentage

2

1.31%

Not important

Not important

The benefits brought
by BIM technology

Employee-related

Percentage

1

0.65%

Can be ignored

7

4.58%

Can be ignored

7

4.58%

A little important

37

24.18%

A little important

44

28.76%

Important

62

40.52%

Important

52

33.99%

Very important

45

29.41%

Very important

49

32.03%

The investment cost of BIM software is indispensable
for a project. The high costs of software purchase and later
maintenance costs cause the high cost of BIM software,
which hinders the application of BIM technology in the
background of building industrialization. According to
the survey, the proportion of software purchase expenses
from 0 to 50,000 RMB is 35.95%, the proportion of software purchase expenses from 50,000 to 100,000 RMB is
28.1%, the proportion of software purchase expenses from
100,000 to 150,000 RMB is 24.84%, and the proportion of
software which costs more than 150,000 RMB is 11.11%,
as shown in Figure 6.

Judging from some current projects, the cost of using
BIM technology is still relatively high. From the survey
report, it is concluded that the proportion of companies
whose cost of BIM technology training is from 0 to 50,000
is 38.56%, the proportion of companies whose cost of BIM
technology training is from 50,000 to 100,000 is 39.71%,
the proportion of companies whose cost of BIM technology training is from 100,000 to 150,000 is 16.34%, and
the proportion of companies whose cost of BIM technology training is more than 150,000 is 7.19%, as shown in
Figure 7.
More than 150K
7.19%

More than
150K
11.11%
0–50K
35.95%

100K–150K
24.84%

50K–100K
28.10%

Figure 6. Statistics chart of BIM Software Purchase Expenses

100–150K
16.34%

0–50K
38.56%

50 –100K
37.91%

Figure 7. Statistics chart of the amount of BIM technical
training expenses per company
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Obviously, the use of BIM technology increases costs.
The lack of actual benefits brought by BIM application is
the main reason why many companies are unwilling to
form their own BIM teams. Therefore, the lack of practical
benefits brought by BIM will affect the application of BIM
in the background of building industrialization, and it is
necessary to continuously improve and establish a reasonable mechanism to solve this problem.
5) C01: Lack of talent with relevant skills and knowledge
It can be seen from the feedback data that lack of skilled
personnel is one of the important factors affecting the
application of BIM. It can be found in this survey that
28.1% of the respondents consider the lack of talents with
relevant skills and knowledge very important, and only
0.65% of the respondents think that the importance is very
low, as shown in Table 9.
Table 9. Statistics table on the importance of lack of relevant
skills and knowledge
Lack of skilled
personnel

Number of
people

Percentage

1

0.65%

Can be ignored

6

3.92%

A little important

43

28.1%

Important

60

39.22%

Very important

43

28.1%

Not important

In the background of the rapid development of the
construction industry today, enterprises need not only the
technical support, but also talents. However, due to the
lack of BIM technical talents, many companies choose to
train their own BIM technical talents, as shown in Figure 8.
Skilled employees are critical for an enterprise, and the
cultivation of BIM technology-related talent is an important factor affecting the depth and breadth of BIM technology development. Due to the relative lack of relevant

1– 1.5 years
8.50%

6–12 months
32.68%

talents, there is a shortage of talents with relevant skills
and knowledge when enterprises apply BIM technology.
Therefore, in order to promote the development of BIM,
the first issue is the lack of BIM-skilled employees. The
measures taken by some provincial and municipal governments can also be considered as ways to promote the
training of BIM talents. For example, in Shanghai, if the
project uses BIM from design to construction, the government will give a fairly high subsidy, which will promote
the owner or construction companies use BIM technology
and cultivate BIM talents; back in 2018, it was highlighted
by the Central Governmental Authority that colleges and
universities are the main force for training BIM talents.
Therefore, the higher education sector of many provinces
and cities have actively promoted the BIM skill training
courses based on core specialized courses in colleges and
universities which have the foundation of various majors
in architecture, engineering, and construction.

3.2. Ranking the barriers based on AHP
Based on the analysis of various factors, the analytic hierarchy process is used to analyze the barriers to the application of BIM in the background of building industrialization. A total of 12 experts were consulted to determine
the relative importance of each factor. The sample size of
expert group in this study for conducting AHP was considered reasonable following the methodological guide
from previous studies (Thanki et al., 2016). These experts
came from BIM-specialized research and development,
or construction engineering professions, and were recognized with senior-level of professional experience (e.g.,
with more than ten years of full-time relevant experience).
The hierarchical analysis results of each factor are shown
in Table 10, the average random consistency index is displayed in Table 11, and the ranking results of barrier factors are summarized in Table 12.
Table 10. AHP analytic results
AHP analytic results

More than 1.5 years
1.96%

0–6 mouths
56.86%

Figure 8. Statistics chart of training time of BIM technicians
by enterprises

Weighted Eigenvalue
CI
value
of maximum value

Items

Eigenvector

Project
stakeholderrelated

1.309

26.179%

Financiallyrelated

2.081

41.621%

Employeerelated

0.805

16.105%

Related to
the external
environment

0.493

9.857%

Related to
software

0.312

6.238%

5.068

0.017
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Table 11. Mean random consistency index
Mean random consistency index
1

2

3

4

5

6

7

8

9

10

11

0.00

0.00

0.58

0.90

1.12

1.24

1.32

1.41

1.45

1.49

1.51

Table 12. Analysis of influence factors of barrier factors
Primary factors

Sub-factors
A01: Lack of support from senior
management
A02: Low level of cooperation between
project participants
A03: Lack of experience in using BIM
A04: Unclear responsibilities for BIM
users
A05: Lack of collaborative working
processes
A06: Reluctant to share information
publicly for participants
A07: Owner lacks of demand for BIM
B01: High cost of BIM software
B02: High risk of ROI
B03: Lack of benefits brought by BIM
C01: Lack of talent with relevant skills
and knowledge
C02: Slow learning of BIM-related
technologies
C03: Unavailability of proper training
on BIM
D01: Relevant laws and regulations are
not perfect
D02: Weak theoretical foundation
D03: Lack of standards to guide
implementation
D04: Organizations do not support the
use of BIM due to habits
E01: Lack of domestic-oriented BIM
tools
E02: Poor user experience for software
developed abroad
E03: Complexity of existing BIM
software
E04: Poor interoperability of BIM
software
E05: Poor security performance of BIM
E06: Incomplete modeling functions in
BIM software

A:
Project
stakeholderrelated
0. 26
0.32

B:
C:
D:
E:
Influence
Financially- Employee- Related to
Related to
Influence
degree
related
related
the external
software
degree
ranking
0.42
0.16
environment
0.06
0.1
0.0832
5

0.21

0.0546

6

0.14
0.09

0.0364
0.0234

9
13

0.08

0.0208

14

0.06

0.0156

17

0.54

0.026
0.168
0.084
0.168
0.0864

11
1
4
1
3

0.16

0.0256

12

0.3

0.048

7

0.37

0.037

8

0.1
0.19

0.01
0.019

20
16

0.34

0.034

10

0.25

0.015

18

0.05

0.003

23

0.12

0.0072

21

0.17

0.0102

19

0.07
0.34

0.0042
0.0204

22
15

0.1
0.4
0.2
0.4

Ranking and weighting these main and sub-factors
as shown in Tables 10–12 reveal the findings regarding
barriers of adopting BIM for industrialized building construction:
(1) Among the multiple barriers to the implementation of BIM for building industrialization, the in-

fluence of the financial factors (B) is the highest.
Among the sub-factors related to financial investments, the high cost of BIM software, uncertainties on ROI, and the lack of benefits brought by
BIM are ranked at 1st, 4th, and 1st respectively
indicating that capital play an important role. The
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(2)

(3)

(4)

(5)

purpose of the business is to make profits, so funding issues will become a key factor affecting the
implementation of BIM. In order to enhance BIM
application, governmental authorities could provide certain subsidies to projects that adopt BIM.
Enterprises could organize experts to effectively
evaluate the investment risk and return of using
BIM. The proper adoption of BIM can be measured by shortened project cycle, improved project
quality, increased efficiency, and the transformation at organizational level towards digitalization.
Stakeholder-related factors of BIM implementation barriers in the context of building industrialization are only next to financial factors. They
include the lack of senior management support,
poor collaboration among project participants,
and the lack of experience in using BIM, which
are ranked at 5th, 6th, and 9th respectively. Multiple stakeholders including owners need to fully
consider the pros and cons of BIM with forwardthinking of the communication between the owner and other project participants is critical. Contracting with specified roles and responsibilities in
BIM for different stakeholders would be important
to promote BIM adoption in industrialized construction projects.
In the context of building industrialization, employee-related factors of BIM implementation are
mainly due to the lack of skilled personnel and
lack of proper training on BIM. Among them, lack
of skilled personnel is ranked third. The development of both BIM-related software and hardware
is relatively slow in countries like China. There is
also a lack of practitioners who apply BIM for prefabricated construction projects. By promoting the
study and application of BIM in the higher education, students’ cognition and interest in BIM can
be nurtured and their initiative in BIM can be cultivated. Lack of relevant training is ranked at seventh. Organizations could utilize BIM education
and training as the career development opportunities for their employees, and also as the path towards organizations’ digital transformation along
with China’s national momentum of promoting
prefabricated construction.
Factors of BIM implementation barriers related to
external environment are mainly due to the facts
that relevant laws and regulations have not been
well-established. Governmental authorities are
suggested to play a more significant role in promoting BIM in the construction market from multiple perspectives, including: standardizing how
BIM can be engaged across the project life cycle;
and legislation to secure the intellectual property
and digital asset ownership.
Factors of BIM implementation barriers related to
software were perceived with relatively low significance. The incomplete modeling functions of BIM

software was ranked 15th among all sub-factors.
Bridging the industry needs and software supplier
with a unified national BIM standard would be vital to reduce unnecessary disputes. For example,
some existing international BIM authoring tools
for modeling lacked the optimization function for
reinforcement of steel rebar, yielding many structural details unsatisfactory to end-users. Therefore, some software tools need to be continuously
modified and improved to enhance its functionality. In some cases, integrating different BIM software tools will significantly enhance the efficiency
in designing for manufacturing and assembly.
The current study provides more insights on promoting BIM especially amid the increasing practices of industrialized building construction towards off-site manufacturing and modularization of building products. Zhang
et al. (2016) stated that financial factors should not be the
most significant barriers of BIM implementation. Xu and
Kong (2016) perceived that standardization and regulation
are the major factor in promoting BIM for industry practice. This study did not completely agree with the prior
research. Specifically, senior management support and financial investments are considered top critical factors. In
fact, these factors are closely inter-related. With financial
supports either at the organizational level or from governmental incentives, senior management would be more
supportive, and vice versa. The differences of findings
from this study could be due to the nature of industrialized building construction, as differing from the traditional in-situ construction when BIM is engaged. Industrialized projects, due to its special workflow and construction
techniques, tend to require more rigorous coordination,
communication, and collaboration among stakeholders
from a more diverse background (e.g., manufacturer of
modular components). Since the research, development,
and practices of industrialized buildings are still in the
early stage in China with continued momentum, this
study would lead to more future work in integrating digitalization for prefabricated construction.

Conclusions
Prefabricated building has become one of the hotspot issues in the construction industry worldwide including
China, one of the largest construction markets. However,
there are still various challenges encountered during the
implementation of prefabricated buildings. BIM, as the
emerging digital technology, together with its concept and
application, provides a method for reducing the fragmentation of construction supply chain and a better management platform for prefabricated building construction.
Based on inputs of industry professionals from China’s
construction sector, this study argued that BIM adoption
for industrialization of building construction are highly
dependent on capital and the support from owners and senior management. Relevant skills and knowledge are also
critical factors. In addition to the governmental policy
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support for BIM, it is also recommended that companies
could organize experts to effectively evaluate the risks
involved in BIM uptake. More suggestions are provided
related to organizational transformation in the journey towards digital-driven building industrialization, including
but not limited to the legislation and regulation for intellectual properties of digital assets. At the same time, government and enterprises could provide practitioners with
more learning opportunities for them to reduce BIM startup costs. In addition, by making full use of benefits of
BIM, project information can be more reliably transmitted
and shared among stakeholders. With connected data and
information driven by BIM, the design, construction and
other parties can effectively collaborate at all stages of an
industrialized building construction project.
BIM and industrialized building construction are
gaining momentum of being integrated to each other for
enhanced productivity and sustainability worldwide. This
study weights the factors of implementing BIM under the
context of industrialized building projects. Although this
study was conducted in China, the factors and suggestions
of adopting BIM for building industrialization could be
implied in the global construction industry. More case
studies can be investigated in future research for demonstrating how the identified barriers could be overcome in
implementing BIM for prefabricated construction. For example, the digital library of modular components could be
established for wider application of off-site manufacturing
for construction, involving design for manufacturing and
assembly.
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