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*e construction industry is one of the important pillars of the Chinese national economy. BIM, as a new information technology
tool, provides an intelligent digital representation of buildings to support diverse activities and brings about a wide range of
benefits throughout the life cycle of projects. However, BIM has not been widely adopted in construction enterprises in China. It is
necessary to make a comprehensive and systematic analysis of the influencing factors for BIM adoption. *is paper sums up 13
influencing factors from four aspects, namely, technology, economy, institution, and environment aspect. *e questionnaire
survey and statistical analysis were used to collect and process data which is applied to determine the influencing factors. Based on
relevant literature, a hypothesis model was established by the structural equation modeling method. SPSS software and AMOS
software were used to test the model. *en, the key factors influencing BIM adoption are induced. *e results show that the key
factors that influence BIM adoption in China include personnel quality, investment in personnel training, BIM standardization,
and the influence of senior managers in the organization. Combined with the above conclusion, this paper puts forward some
suggestions for promoting BIM adoption and specific measures to realize the wide application of BIM technology in the Chinese
construction industry.

1. Introduction

Building information modeling (BIM) is a set of information
technology that integrates technology and information
closely and is widely used by the architecture, engineering,
and construction (AEC) industries. BIM has the advantages
of high visualization, effective coordination, and robust
simulation, which can effectively promote collaboration
among participants in the construction projects. BIM plays a
synergistic role in the whole life cycle of the project [1] and
has a significant effect on the innovation and promotion of
construction enterprises [2]. *e use of BIM will bring
enormous benefits, including improving production effi-
ciency and product quality, achieving sustainability, and
providing broader opportunities for burgeoning industries
in the construction industry [3–6]. In most developed
countries, as its normative BIM standards, sufficient talents,

and corresponding legal norms, the advantages of BIM are
particularly prominent [7].

Although the potential benefits of BIM are appealing, its
adoption rate varies among different countries [8]. Previous
research indicated that BIM adoption and usage is increasing
in most developed countries [9]. Nevertheless, the extent of
BIM adoption is stagnant in developing countries. For most
developing countries, BIM has not been applied in the whole
construction cycle of construction projects [10]. Especially,
in China, although BIM has experienced the stages of
concept introduction, theoretical research, preliminary ap-
plication, rapid development, and deep application in the
past ten years, it has not yet penetrated the whole process of
the project construction cycle. BIM adoption in small- and
medium-sized enterprises in China is just at an elementary
stage [11] even though the government has taken actions to
promote the use of BIM [12]. *ere is no substantial change
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in the traditional construction industry up to now [13]. *e
wide BIM adoption is still facing challenges in China.

Recent studies reporting the factors influencing BIM
adoption have been proposed in the very recent literature.
BIM has led to the breakthrough development of the AEC
industry. BIM adoption is facing the development trend
from integration, collaboration, and multilevel [13]. It is a
tool and a process and assists in building performance while
improving the effective management of construction proj-
ects. Many challenges and problems have aroused with the
rapid development of the construction industry, for ex-
ample, large and complex construction technology, enor-
mous investment, the determination of construction period,
and the relationship between multiagent stakeholders [14].
*ere are many obstacles in the practical implementation
process as well such as the lack of relevant professional
talents, difficulties in coordination between the main bodies,
and poor software compatibility [15, 16]. Several researchers
found out that BIM adoption in enterprises is still low due to
limited cooperation, dispersal stakeholder, and existing risk
[17]. In the aspect of BIM adoption, it is concluded that
whether to use BIM to complete a construction project is not
only limited by the user’s individual willingness but also
depends on whether the senior managers within the orga-
nization want to use it for information management in the
whole life cycle of the project [18].

Although existing literature on BIM adoption is very
extensive, some deficiencies still exist. It is evident from the
aforementioned previous studies that they analyzed the BIM
adoption issue in a particular aspect. For instance, a model
was proposed to predict project owner’s BIM adoption
behaviors in reference to the particular BIM practices in
China [19]. Cao et al. discussed that the motivation of design
units and general contractors in BIM adoption is closely
related to the project scale and organizational nature [11].
Also, most studies are based on a specific adoption model
perspective to study the influencing factors. Ahuja et al.
developed a model using the technology-organization-en-
vironment framework to investigate factors influencing BIM
adoption and reasons for the slow adoption [20]. Qin et al.
proposed an integrated TAM (technology acceptance
model) and TOE (technology-organization-environment)
framework to investigate factors that hinder BIM adoption
in the construction industry [21]. *e TOE framework
identifies technology, organization, and environment as
three groups of contextual factors for organization to adopt
innovations [22]. Besides, Songer et al. proposed to intro-
duce economic factors into the adoption framework [23]. At
present, from the perspective of the Chinese construction
enterprises, the research on factors influencing BIM adop-
tion is not deep enough. Furthermore, there is a lack of
empirical research. It is therefore expedient to carry out an
explicit study that comprises a comprehensive analysis of
BIM adoption in all AEC firms in China. *is study dis-
tinguishes and discusses the key factors influencing BIM
adoption from the perspective of all construction enterprises
in China. Based on the technology adoption framework, a
theoretical model of factors influencing BIM adoption is
constructed. *e data are analyzed with statistical methods,

and the influence degree is sorted and arranged. In addition,
based on the research results of BIM adoption model, this
paper analyzes and puts forward reasonable suggestions
from the four dimensions of adoption strategy, investment
planning, government departments, and the internal envi-
ronment within the organization. It improves the scientific
level of decision-making and promotes the BIM adoption in
China’s construction enterprises.

*is paper aims to reveal factors influencing BIM
adoption among construction enterprises in China. *e
study proposes a means for influencing factor analysis
method by adopting structural equation modeling. Also,
AMOS and SPSS software were used to analyze the data
results. *e following research questions will be answered in
this paper:

(1) What is the current situation of BIM adoption and
how to classify the factors influencing BIM adoption
in construction enterprises?

(2) What are the key factors influencing BIM adoption
and how do they affect adoption efficiency in con-
struction enterprises in China?

(3) How to realize the rapid development of Chinese
construction enterprises by improving BIM adop-
tion efficiency?

*e remainder of this paper is organized as follows:
Section 2 reviews previous research on BIM adoption in
construction enterprises. Section 3 elaborates the research
methodology and proposes research hypotheses. Data col-
lection and data processing are displayed in Section 4.
Section 5 tests the hypothesis model from the perspective of
exploratory factor and confirmatory factor. Section 6 dis-
cusses the critical influencing factors and corresponding
strategies. Section 7 summaries this paper and explores
future research on BIM adoption.

2. Literature Review

2.1. BIM Adoption Research. BIM has become increasingly
popular in construction enterprises over the past few years.
Many research studies have been performed worldwide to
identify factors that influence the adoption of BIM
[8, 24–26]. *rough the study of BIM adoption in Chinese
construction enterprises, it is found that the key factors are
attitude, technology, and organization [26]. At the organi-
zational level, BIM adoption has gone through three stages:
the first stage is the interdisciplinary object-based modeling
process, the second is the synergy based on the established
model, and the last is the network-based synergy [27]. *is
three-stage BIM adoptionmodel has been used in the United
States, Australia, and other developed countries. *ey are
aiming to make BIM widely adopted [28, 29]. On the
contrary, compared with developed countries, developing
countries have not formed such a three-stage process to
support BIM adoption. For example, the BIM adoption level
is not very high in China [30, 31]. *e maturity of BIM
adoption is considered to be very low in India [25]. In the
construction industry, designers are the first to use BIM to
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complete engineering projects [3]. In terms of BIM adop-
tion, construction enterprises have been at the forefront. In
general, the design teamwill give priority to BIM adoption in
the course of the project [32]. Hence, BIM adoption is
suitable and efficient for improving productivity effects in
construction enterprises in order to promote the proceeds
throughout the whole life cycle.

So as to determine the factors influencing BIM adoption,
many theoretical models have been developed, such as
technology acceptance model and technology-organization-
environment framework. Previous studies have attempted to
study technology adoption through innovation diffusion.
Technology Adoption Model is one of the most commonly
used framework models from individual and organizational
perspectives. However, a few scholars point out that tech-
nology adoption model, *eory of Planned Behavior, and
Unified *eory of Acceptance and Use of Technology are
mostly used to study the adoption problem between indi-
viduals [33]. *e technology-organization-environment
framework model focuses on different stages of adoption
and different levels of organizational adoption process.

Based on the theory of reasonable behavior, Davis
studies the technology acceptance model. TAM is widely
used to explain the information technology adoption or
acceptance behavior. It consists of two specific factors that
affect user behavior, namely, how and when to use new
technologies: perceived usefulness and perceived ease of
use [34]. *ese two parameters are based on the “Self-
efficacy theory” research [35]. Although there are a
number of empirical studies, people’s intention to use
determines whether a new technology can be well adopted.
TAM is widely used to predict various types of technology
acceptance behavior activities, for example, virtual reality
[36], smart grid [37], and transportation [38]. However, it
needs to be integrated into a broader model, including
variables related to human and social factors [39].
Technology-organization-environment framework was
first proposed by Tornatzky and Fleischer [40]. It repre-
sents a company’s model of technological, organizational,
and environmental impacts in the process of adopting and
implementing technological innovation [41]. In the
meantime, it describes three aspects in which an enterprise
decides to adopt technology: technology, organization,
and environment. Technical background refers to the
internal and external technologies currently applied by the
organization, as well as technologies that are already on
the market but not yet used by the company. Organiza-
tional background refers to the size of the company, or-
ganizational structure, and human resources.
Environmental background includes factors beyond or-
ganizational control, such as competition, partners, and
industry environment. In addition to the above, Songer
et al. proposed to introduce economic factors into the
technology adoption framework considering that enter-
prises may try to use information technology at a lower
cost [23]. Because it contains a new factor, environmental
factor, the TOE framework structure is considered to be
able to better explain the innovation diffusion within
enterprises [33, 42].

2.2. Influencing Factors of BIMAdoption. At present, BIM is
gradually spread all over the world, and the utilization rate of
relevant software is also gradually increasing [43]. Com-
pared with most developed countries, BIM adoption has just
begun in developing countries. For instance, the develop-
ment depth and breadth of BIM in China are far less than
that in Europe. *erefore, there is still a lot of room for
improvement in its application and promotion [44].
*rough the research and analysis of the promotion factors
of BIM adoption in the Chinese engineering design industry,
it can be concluded that the factors influencing BIM
adoption include software advantages, laws and regulations,
localization degree, standards, BIM application cases, and
experience [45]. Technology, legal system, personnel, or-
ganization, and economy are also the main factors influ-
encing BIM adoption [46]. It is found that the support of
senior managers within the organization, personal subjective
will, and technical specifications affect whether designers
want to adopt BIM [47]. Meanwhile, high-quality em-
ployees, efficient management and leadership, the avail-
ability of information, and the complexity of the project itself
will also affect the smooth implementation of BIM [48, 49].
From the individual, technical and organizational levels,
design units, and construction enterprises pay more at-
tention to the factors influencing BIM cooperation [50].

According to the research on the factors influencing BIM
adoption in the European construction industry, it is con-
cluded that the obstacle factors include more time spent in
training staff, high investment, and large amounts of labor
[51]. In addition, in the practical application of BIM
adoption, the lack of relevant laws and regulations, relevant
standards and implementation guidelines, and unclear
ownership will also hinder the implementation effect [52].
Based on the economic, technical, and legal perspectives, the
reasons hindering the application can be summarized, in-
cluding contract mode and business model [53]. Under the
current market background, there are still many problems in
the application and in-depth development of BIM, for ex-
ample, no consensus on BIM adoption, no clear provisions
in existing laws and regulations, and lack corresponding
industry standards [52]. *e research studies the application
and future development trend of BIM throughout the whole
life cycle of construction projects such as interests, risks, and
trends and analyzes the problems and challenges that will be
faced in the application process [15]. *rough the ques-
tionnaire survey, the key factors influencing BIM adoption
are identified, including BIM experience, leader support,
organizational, technical training, and other 12 influencing
factors [54].

Most of the scholars’ results are to analyze one aspect of the
factors, and the comprehensive research and analysis of each
factor is missing. Based on the structural equation model, this
paper focuses on the factors influencing BIM adoption in
construction enterprises in China, selecting technology, econ-
omy, institution, and environment as four potential variables
and corresponding thirteen observation variables, analyzing the
influence of each factor on BIM adoption, arranging from large
to small on the basis of the factor load, and giving policy
suggestions to promote BIM adoption.
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3. Research Methodology

*ere are many factors influencing BIM adoption. It is
difficult to classify the key influencing factors reasonably
only through the existing literature research methods.
*erefore, combined with the research of existing literature
with expert consultation and interview, the influencing
factors summarized are designed into a questionnaire, which
is issued and recycled through the Internet. *is paper se-
lects technology, economic, institution, and environment
factors as four external latent variables, corresponding to
thirteen observation variables, respectively, and BIM
adoption is as internal latent variables.

3.1. Hypothesis. BIM technical characteristics normally re-
flect the applicability, ease of use, compatibility, and in-
teroperability of its applications. Compared with traditional
methods, BIM has great superiority. Using BIM requires
specialists with relevant industry experience and knowledge.
At present, the lack of technical personnel is a prominent
problem in China [55, 56].*e development of BIM is still in
elementary. BIM brings quantifiable benefits, which can
significantly offset the relevant application costs. However, it
is difficult to capture the cost and benefit in the process of
BIM adoption. Also, BIM adoption has a lot of intangible
benefits, which increase the difficulty in calculating the
return on investment [47]. *us, the paper proposes the
following hypotheses:

(i) H1: technological factor has an impact on BIM
adoption.

(ii) H1a: technical advantage positively affects BIM
adoption.

(iii) H1b: production efficiency positively affects BIM
adoption.

(iv) H1c: the quality of employees within an organiza-
tion positively affects BIM adoption.

BIM is widely used as new information technology.
Although it will bring huge profits to enterprises and
improve production efficiency, the initial cost investment
is not small. Young et al. affirmed that the capital required
for the procurement of BIM software and hardware
equipment was considerable [57]. BIM technologies
available for sale are costly for purchase and installation
[58]. Memon et al. asserted that the transition from the
traditional way to the emerging of BIM has huge cost
constraints [59]. Hence, enterprises are not willing to
implement the process unless they can link it with the
substantial reduction of long-term benefits and training
costs of their respective companies. Similarly, identifying
the benefits of return on investment can improve the BIM
adoption rate [60]. Also, the cost of personnel training
and the cost of employing consulting units and experts
are the expenses of BIM adoption [61]. Accordingly, this
study proposes the following hypotheses:

(i) H2: economic factor has an impact on BIM
adoption.

(ii) H2a: the investment in technology research and
development positively affects BIM adoption.

(iii) H2b: the investment in the application of software
positively affects BIM adoption.

(iv) H2c: train-related talents positively affect BIM
adoption.

*e maturity and standardization of BIM have a sig-
nificant impact on the company’s cognition of new tech-
nology. BIM localization contains not only the localization
of software running environment but also the adaptation of
local project characteristics [62]. BIM standardization de-
fines the project stages, the deliverable, and the objectives to
be achieved. BIM adoption needs the integration of many
kinds of software. Only the unified data exchange standard
can make the data transfer effectively [63]. National policies
have a significant impact on the development of BIM
adoption in the construction industry in China [64]. In
recent years, the Chinese government has also published
relevant policies to encourage BIM adoption. *erefore, we
propose the following hypotheses:

(i) H3: institutional factor has an impact on BIM
adoption.

(ii) H3a: improving law and system positively affects
BIM adoption.

(iii) H3b: government subsidies and incentive policies
positively affect BIM adoption.

(iv) H3c: improving BIM standards positively affect
BIM adoption.

Organizational support plays an important role in
stimulating employee potential, allocating resources, and
improving job performance [65–67]. Adequate organiza-
tional support will have an incentive effect on employees.
*ey feel that they are trusted by the organization.*erefore,
they will focus more on their own work and strive to achieve
organizational goals. On the contrary, if the necessary
support is lost, the work quality of employees will be greatly
reduced or even worse [68, 69]. Lin declared that organi-
zational high-level support could improve employees’ per-
ceived usefulness and perceived ease of use of BIM adoption
[70]. Based on the above, we propose the following
hypotheses:

(i) H4: environmental factor has an impact on BIM
adoption.

(ii) H4a: intraorganizational mandatory use positively
affects BIM adoption.

(iii) H4b: intraorganizational emphasis positively affects
BIM adoption.

(iv) H4c: intraorganizational encouragement positively
affects BIM adoption.

(v) H4d: intraorganizational talent structure distribu-
tion positively affects BIM adoption.

Based on the above review, a theoretical framework is
designed, as shown in Figure 1. *e unidirectional arrows of
this model shown in Figure 1 start from the independent
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variables and end at the dependent variables, implying the
independent variables affect the dependent variable.

3.2. Structural Equation Model. Traditional analysis
methods, such as multiple regression, path analysis, and
traditional factors analysis, can deal with variables with
observed values. Although the dependent variables are
allowed to include measurement errors, it is required to
assume that the observation values of independent variables
have no errors. In many practical problems, the relationship
between multi-index variables is complex. Sometimes, it is
not always possible to use a set of independent variables to
explain a dependent variable. Although traditional factor
analysis can deal with measurement errors, it does not in-
volve how to compare or test different models [71]. In this
paper, the latent variables, the factors influencing BIM
adoption, cannot be measured directly, and the question-
naire survey presents the difference in quantity. *erefore,
the structural equation model is used as the analysis method
in this paper.

*e structural equation model is a statistical technique
that is based on the covariance matrix of variables to analyze
the relationship between variables. SEM was formally de-
fined by Pearl [72]. *e specific implementation is divided
into five steps: model setting, model identification, model
estimation, model evaluation, and model modification. It is
mainly used to deal with the relationship between multiple
causes, results, and problems with latent variables. It can deal
with multiple variables at the same time. It also can compare
and evaluate different theoretical models. Firstly, the model
sets observation variables for potential variables that cannot
be measured directly. *en, the relationship between each
observation variable is analyzed to reflect each latent variable
and its structural relationship. *e advantages of the
structural equation model are that it can deal with multiple
dependent variables. It allows both independent and de-
pendent variables to contain measurement errors. It can also
simultaneously estimate the factor structure and factor re-
lationship. It can allow amore elastic measurement model. It
can estimate the fitting degree of the whole model [73].
Based on this theory, a conceptual model can be drawn, as
shown in Figure 2.

4. Data Analysis

4.1. Design of Questionnaire. For the purpose of ensuring the
validity of this questionnaire, it is designed frommultiple angles.
*rough reading the relevant literature and expert interviews,
combined with the characteristics of construction enterprises
and BIM, a questionnaire has been designed. After the ques-
tionnaire is withdrawn, it is necessary to integrate information
processing. *e design of this questionnaire for this study was
structured and multiple-choice type. It was divided into three
parts. *e first part comprised the basic information of the
respondents. It includes personal information (gender, age,
working years, and education level), basic information of the
enterprise (enterprise-scale and enterprise nature), and un-
derstanding of BIM. *ese questions ensure the validity of the

samples and allow the survey results to be classified and cross-
analyzed. *e second part is the variable measurement. It in-
cludes a research hypothesis based on the factors influencing
BIM adoption in construction enterprises, which is tested in the
form of scale. *e third part is the special measurement items.
*is part of special measurement is mainly to collect some
specific factors on the research status of BIM adoption and test
the validity of this questionnaire.*e aim of the part is to collect
respondents’ judgments on the degree of influence between
variables. For example, the questions on the factors influencing
BIM adoption among AEC firms in China were asked on a five-
point Likert-type scale, with 1–5 indicating “strongly disagree,”
“disagree,” “generally,” “agree,” and “strongly agree,” respec-
tively. All of these measurement items were adopted from
existing studies and combined with practical situations relevant
to BIM adoption in the Chinese construction industry.

4.1.1. Scale Development. In order to measure the reliability
and validity of the factors influencing BIM adoption ac-
curately in construction enterprises and ensure the ratio-
nality of the hypothetical model, the observation variable
system scale of influencing factors is determined according
to relevant literature and expert opinions, as shown in
Table 1.

4.2. Analysis of Basic Characteristics

4.2.1. Statistical Analysis of Basic Information. *e research
objects of this survey are strictly limited to employees in
construction industries, educators engaged in engineering

Economy

Institution

Environment

Technology

BIM adoption

H1

H2

H3

H4

Figure 1: *e theoretical model.

Technology

Economy

BIM adoption

Institution

Environment

Figure 2: *e conceptual model.
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direction, and graduates with relevant internship experience.
*emethod adopted is to send out the questionnaires online
and fill in the questionnaires and collect it in a unified way
finally. *e questionnaire survey lasted as long as three
months. A total of 100 questionnaires were distributed, and
85 valid questionnaires were finally selected under the
premise of ensuring the quality of the questionnaire. *e
selected questionnaires data are used as the sample data for
empirical analysis. In order to ensure the response rate of the
questionnaire, anonymous survey was conducted to reduce
the problem setting of personal information. In addition,
one extra reward will be offered to the participants. *is
study screened the returned questionnaires from two per-
spectives to eliminate the invalid questionnaires: (1) the
online electronic questionnaire takes less than one minute to
answer. *is part of the questionnaire is discarded because
the research object did not answer it seriously; (2) if the
respondents choose the answers to each index question with
significant regularity, the questionnaire is considered to be
invalid.

*e proportion of men and women in this survey is about
3 :1.*e age of the respondents is mainly 35–45-year-old.*ey
have rich working experience to ensure the authenticity and
accuracy of the data. Among them, 67% have a bachelor’s
degree, 29% have a master’s degree, and only 4% have a junior
college degree or below. It indicates the higher education that
respondents have, the better working environment, and
working conditions they own. *ere are employees and interns
of construction enterprises. Most of the working units are
construction units. *ere are also a small number of design
units, consulting units, and other units. *ere is a small part of
education workers and experts in related fields who are engaged
in engineering. For the working departments of the respon-
dents, they are mainly concentrated in the engineering de-
partment. Also, the design department and cost department are
in the minority. In terms of BIM proficiency, the majority of
staff are familiar with BIM, and only 14.5% can skillfully use
BIM. However, even 2% have not heard of BIM at all. *e
statistical analysis of basic information is shown in Table 2. It
mainly focuses on the gender, age, educational background,
working years, the nature of the enterprise, and the under-
standing of BIM of the selected sample population.

4.2.2. Descriptive Statistical Analysis of Sample Data.
According to the third part of the questionnaire, four po-
tential variables and thirteen corresponding observation
variables that affect the BIM adoption in the construction
enterprises in China are summarized. *e mean value and
standard deviation of each variable sample data shown in
Table 3 are obtained through the descriptive analysis of the
sample data under the selected variables by SPSS software.

*e mean value represents the average size of the col-
lected data, namely, the importance of the respondents to the
BIM adoption efficiency of the Chinese construction en-
terprises affected by these factors. *e standard deviation
represents the dispersion or fluctuation of data points in a set
of data sets. It can be concluded from the above that, for each
potential variable, the mean and standard deviation of the
observed variables are in a relatively stable value. *erefore,
the data result is excellent; further research and analysis can
be carried out.

5. Model Hypothesis Test

To ensure the model fitting degree and the validity of hy-
pothesis test, SPSS software is used to test the reliability and
validity of the collected data. In general, reliability and
validity were the two most common indicators used to
evaluate the measurement model. If the result is significant,
then conduct the “violation estimation” test. If the residual
estimation value is negative or the standardization coeffi-
cient is greater than 0.95, it is illegal. After meeting the above
requirements, the model fitness test is carried out to verify
whether the hypothesis is tenable according to the results of
the interpretation and analysis.

5.1. Exploratory Factor Analysis

5.1.1. Reliability Analysis. Reliability analysis, also known as
the reliability test, is used to test whether the data collected
by the questionnaire are consistent.*e test method adopted
is Cronbach’s alpha coefficient. Generally, the coefficient is
above 0.7. Previous studies suggested that Cronbach’s α
greater than 0.7 indicates acceptable reliability [74, 75]. It

Table 1: Measurement items.

Number Observation variable Latent variable
A1 Visibility advantage

Technical factorsA2 Productivity and returns
A3 Quality of employees in the organization
B1 Technology adoption with a lot of money

Economic factorsB2 Investment and application of technology
B3 Hire and train BIM-related talents
C1 Establish or improve laws and systems

Institutional factorsC2 Government subsidies or incentives
C3 Improve standards to adapt localization
D1 BIM technology is mandatory

Environmental factorsD2 Emphasis on technology adoption within the organization
D3 Encourage technology adoption within the organization
D4 Distribution of talent structure within the organization
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means that the data of the questionnaire have a good
consistency.

According to SPSS, the reliability of the data collected in
the questionnaire was tested and is shown in Table 4. *e
reliability of each dimension is greater than 0.7, indicating
that the reliability of each dimension meets the standard of
this research, and the data reliability of each dimension is
good.

5.1.2. Validity Analysis. *e validity analysis represents the
validity of the data. It judges the consistency between the
hypothetical situation and the actual measured data. *e
higher the validity result value, the closer the relationship
between the measurement results and the content to be
investigated. Otherwise, the relationship is not close. Gen-
erally, the validity is usually divided into content validity and
structure validity to analyze the validity of sample data.

Content validity refers to whether the selected topic can
describe the variables reasonably and accurately. Structural
validity refers to whether the selected topic is consistent with
the purpose of this research. Structural validity is examined
by discriminating validity and convergent validity [26].
Firstly, correlation analysis is conducted; KMO and Bartlett
sphere tests are conducted. Bartlett sphere test and KMO
sample measure are observed, as shown in Table 5. Only
when the correlation is high, factor analysis can be carried

Table 2: Basic information statistical analysis.

Characteristic variables Type Frequency Percentage (%)

Gender Man 64 75.3
Woman 21 24.7

Age
Under 25 years 38 44
25–35 years 36 43
35–45 years 11 13

Education level
Junior college degree or below 3 4

Bachelor’s degree 57 67
Master’s degree and above 25 29

Work unit

Real estate units 13 15.8
Construction units 39 45

Design units 12 14.6
Advisory units 11 13.4

Others 10 11.2

Work department

Engineering department 47 56.6
Design department 16 19.3
Cost department 9 10.8

Others 11 13.3

Familiarity with BIM

Very familiar 12 14.5
Familiar 49 59

Not too clear 20 24.1
Never know 2 2.4

Table 3: Descriptive statistical analysis of sample data.

Variable name Number Subject Mean Standard deviation Variance

Technical factors
A1 Visibility advantages 3.05 0.936 0.876
A2 Productivity and return on investment 2.81 0.876 0.767
A3 Quality of employees 3.08 0.913 0.834

Economic factors
B1 Invest in technology adoption 2.69 0.854 0.730
B2 Technology investment and applications 2.76 0.805 0.649
B3 Hire and train BIM-related talents 2.80 0.838 0.701

Institutional factors
C1 Prepare and improve laws and systems 3.20 0.823 0.677
C2 Government subsidies or incentives 3.07 0.793 0.629
C3 Improve standards to adapt localization 3.20 0.793 0.628

Environmental factors

D1 Mandatory use of BIM 2.72 1.051 1.105
D2 Emphasis on BIM adoption 2.76 0.850 0.722
D3 Encourage BIM adoption 2.69 0.869 0.754
D4 Distribution of talent structure 2.76 0.850 0.722

Table 4: Reliability analysis.

Level N Cronbach’s alpha
Technology 3 0.853
Economy 3 0.865
Institution 3 0.865
Environment 4 0.885
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out. *e KMO value of this scale is 0.918, which is greater
than 0.8. It indicates that these data are very suitable for
factor analysis. *e significance probability of Bartlett’s
sphere test is 0.000, less than 0.01. It has passed the sig-
nificance test with a significance level of 1%. And it indicates
that the data are relevant; that is, factor analysis can be
carried out.

According to the software, the principal component
information table can be obtained. If the eigenvalue is ap-
proximately greater than or equal to 1, four factors will be
approximately selected. And the cumulative contribution
rate reaches 81.506%. It shows that the four factors extracted
from the 13 topics are ideal for the interpretation of the
original data, as shown in Table 6.

According to the rotating component matrix, the factor
attribution of each topic can be determined. *e maximum
variance method is used to rotate the factors to obtain the
new factor load of each topic on each factor. *e rotation
component matrix is shown in Table 7.

5.2. Establishment of SEM. According to the data analysis
above, it shows that the hypothetical conceptual model is
basically reasonable. Technology, economy, institution, and
environment can influence the BIM adoption in Chinese
construction enterprises. *erefore, AMOS software is used
to establish the structural equation model. And the hy-
pothesis model and data are tested for confirmatory analysis
and violation estimation. If there is a violation, the model
needs to be modified and tested. If each estimation coeffi-
cient test is in a reasonable range, the model fitness test can
be carried out. After testing and analysis, the estimated
coefficients of each potential variable are positive and within
a reasonable range. *e structural equation model M1 of
BIM adoption influencing factors is shown in Figure 3.

5.3.ConfirmatoryFactorAnalysis. Based on the results of the
exploratory factor analysis, a measurement model is
established. *en, the model is verified by AMOS software.
*ere are four latent variables and thirteen observational
variables. Firstly, the structure validity is tested to get the
whole fitting coefficient table. Chi-square degree of freedom
index can avoid the influence of sample size on chi-square
statistics. *e reasonable index value is greater than 1 and
less than 3. In this model, the absolute fitting index CMIN/
DF� 1.656< 3, fitting ideal. *e root mean square index of
approximation error is less affected by the selected sample
review, the reasonable index value is less than 0.08, and the
fitness degree of the standard model is acceptable. *e
absolute fitting index RMSEA� 0.089, approximate to 0.08,
is acceptable. *e goodness-of-fit index refers to the degree
to measure whether the model fitness is good; when the

index value is greater than 0.9, it indicates the selected
sample data and design. In this model, the absolute fitting
index GFI� 0.857 is close to 0.9, acceptable. *e relative
fitting index CFI� 0.953; when it is greater than 0.9, the
result is good. *e standard fitting index is to measure
whether the set model and the selected data have a good
matching degree; when the index value is greater than 0.9, it
means good matching. In this model, IFI� 0.954> 0.9, and
the results fit well. TLI� 0.937, greater than 0.9, acceptable.
SRMR� 0.049, less than 0.5. Generally, the model fits well
and has practical significance, as shown in Table 8.

According to Table 8, the overall standardized test fitting
degree of this model is ideal. *erefore, the composition
reliability and average variance extraction test of latent
variables are further constructed to judge that the model has
a good internal quality. *e calculation formula of com-
ponent reliability andmean-variance extraction is as follows:

CR �
 μi( 

2

 μi( 
2

+ Var θi( 
,

AVE �
 μ2i

 μ2i + iVar θi( 
,

(1)

where CR represents the composition reliability, AVE
represents average variance extraction, μi represents the
standardized factor load of the observed variable, and θi
represents the standardized residuals of observed variables.

*rough the data analysis by SPSS and AMOS, the
parameter estimation table of the factor measurement model
is obtained in Table 9. *e nonstandard estimation pa-
rameters can judge that the scale is positive and significant.
*e standardized factor load of each topic is greater than 0.6.
It indicates that each latent variable has high
representativeness.

*e SMC of each path is greater than 0.36. Most of them
are above 0.5, which means the topic has sufficient item
reliability. *e mean-variance (AVE) of each latent variable
is greater than 0.5, which indicates that the convergence
validity is acceptable. And the combination reliability (CR) is
greater than 0.8, which indicates that there is sufficient
internal consistency and the convergence validity is ideal.

Based on the data analysis above and Figure 3, the
discriminant validity test is carried out. *e correlation
analysis of the four dimensions is conducted in turn.
According to AMOS and Table 9, the discrimination validity
analysis in Table 10 is summarized. *ere are significant
correlations among technology, economy, institution, and
environment (P< 0.01).*e absolute value of the correlation
coefficient is less than the square root of the corresponding
AVE. It indicates that there is a certain correlation between
the latent variables. And there is a certain degree of dif-
ferentiation between them. *erefore, the discriminant
validity of the scale data is ideal.

5.4. Model Interpretation and Analysis. *e value between
potential variables represents the degree of other variables
changes caused by one variable. *e data results show that

Table 5: KMO and Bartlett sphere test.

Kaiser–Meyer–Olkin measure of sampling adequacy 0.918

Bartlett’s test of sphericity
Approx. chi-square 838.267

df 78
Sig. 0.000
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path coefficients are all positive. Technical factors, economic
factors, institutional factors, and environmental factors are
the main factors influencing BIM adoption in construction
enterprises in China. *e hypothesis model is basically
established. *rough the analysis of potential variables and
observation variables, the observation variables closely re-
lated to the potential variables can be obtained. According to
the factor load, the main factors influencing BIM adoption in
construction enterprises are further explained, as shown in
Figures 4 and 5.

As can be seen from the two figures, they represent
standardized parameter estimation and nonstandardized
parameter estimation in the hypothesis model used by
AMOS. According to the above reliability and validity
analysis and confirmatory factor analysis, the structural
equationmodel of factors influencing BIM adoption is tested
and revised. It is obvious that the key factors affecting the
BIM adoption efficiency can be compared and analyzed by
each data representing different meanings. From the correct
model, it can be concluded that the key factors influencing
BIM adoption in AEC firms in China contain technical
factors, economic factors, institutional factors, and envi-
ronmental factors.

Technological factor has an impact on BIM adoption;
namely, H1 is correct. Technical factors include staff quality,
production efficiency, and visibility advantage. *e factor
load of employee quality is the largest. It shows that the BIM
adoption in Chinese construction enterprises has a greater
impact on the quality of internal personnel. And the high
quality of employees is beneficial to improve the competi-
tiveness of enterprises. Second is production efficiency, and
the software of BIM plays a positive role in improving
production efficiency and expanding the company’s reve-
nue. Compared with other software, BIM has good visibility.
It is also one of the factors that affect the BIM adoption.

Table 6: Principal component information.

Principal component number
Original Rotating the sum of squares and loads

Total % of variance Cumulation% Total % of variance Cumulation%
1 7.810 60.080 60.080 3.723 28.639 28.639
2 1.311 10.087 70.167 2.807 21.595 50.234
3 0.924 7.106 77.273 2.566 19.740 69.974
4 0.550 4.233 81.506 1.499 11.533 81.506
5 0.469 3.607 85.113
6 0.401 3.086 88.200
7 0.325 2.499 90.699
8 0.255 1.963 92.661
9 0.251 1.934 94.596
10 0.209 1.611 96.207
11 0.193 1.484 97.691
12 0.170 1.304 98.995
13 0.131 1.005 100.000

Table 7: Rotating component matrix.

Items
Factor loading values

Factor
1 2 3 4

A1 0.758
TechnologyA2 0.850

A3 0.841
B1 0.821

EconomyB2 0.855
B3 0.793
C1 0.815

InstitutionC2 0.833
C3 0.833
D1 0.661

EnvironmentD2 0.880
D3 0.850
D4 0.889
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Figure 3: Structural equation model M1.
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Economic factor has an impact on BIM adoption; namely,
H2 is correct. Economic factors include training profes-
sionals, software application, and investment in R&D. *e
factor coefficient of training related talents is the largest. It
indicates that most companies pay more attention to per-
sonnel training. *ey think that strengthening talent man-
agement will have an impact on BIM adoption. Secondly, the
wide application level of software and large investment funds
show that enterprises pay more attention to capital invest-
ment when adopting the technology. Some companies still
dare not to take risks, so this is one of the factors that affect the
BIM adoption.

Institutional factor has an impact on BIM adoption;
namely, H3 is correct. Institutional factors include the
completion of BIM standards, the introduction of relevant
policies by the government, and the formulation of rules and
regulations and laws. Improving BIM standards to adapt to
localization and the government’s incentive policies is
similar. It shows that the government’s corresponding be-
havior and its own standards will have a positive impact on
BIM adoption. *erefore, the relevant government and
organizations should introduce corresponding incentive
policies to encourage users to actively adopt BIM.

Environmental factor has an impact on BIM adoption;
namely, H4 is correct. Environmental factors include

high-level personnel, making policies within the organiza-
tion, and changing the organizational structure of personnel.
High-level managers attach importance to the technology
adoption and change in personnel organizational structure.
It shows that, for the internal environment of the organi-
zation, the management opinion and management mode of
top managers have a great positive impact on BIM adoption.
Secondly, the company’s internal incentive policies will also
promote the application of technology by employees. For the
sake of promoting BIM adoption in engineering projects,
some rewards should be given to employees who use BIM to
complete the project. We can also set up a BIM research
group within the company to change the personnel orga-
nization structure to better promote the adoption and
popularization of BIM.

Based on the above explanation, analysis and research
suggestions can be concluded. *e four main factors
influencing BIM adoption in Chinese construction enter-
prises are not equally important, and there are also links and
influences between them.

6. Discussion and Recommendations

6.1. Discussion. Combined with the above analysis results,
the following conclusions can be proposed: the key factors
influencing BIM adoption in Chinese construction enter-
prises include four main aspects, namely, the technical,
economic, institutional, and environmental factors. Based
on these results, the priority level of factors can be obtained
to help the AEC firms in China in identifying the key factors
for BIM adoption efficiency and developing and improving
strategies effectively. *is is helpful in putting forward the
actions of capability improvement in combination with
practice project, so as to enhance BIM adoption efficiency
and accelerate the pace of information in the Chinese
construction enterprises:

Table 8: Overall fit index calculation.

CMIN/DF RMSEA GFI AGFI CFI IFI TLI SRMR
1.656 0.089 0.857 0.78 0.953 0.954 0.937 0.049

Table 9: Factor measurement model parameter estimation.

Title Path Factor
Estimation of parameter significance

Unstd. S.E. T- value P Std. SMC CR AVE
A1 <--- Technology 1.000 0.725 0.526 0.856 0.667
A2 <--- Technology 1.107 0.160 6.923 ∗∗∗ 0.857 0.734
A3 <--- Technology 1.157 0.167 6.925 ∗∗∗ 0.860 0.740
B1 <--- Economy 1.000 0.801 0.642 0.866 0.684
B2 <--- Economy 0.956 0.126 7.569 ∗∗∗ 0.813 0.661
B3 <--- Economy 1.059 0.136 7.786 ∗∗∗ 0.865 0.748
C1 <--- Institution 1.000 0.767 0.588 0.867 0.685
C2 <--- Institution 1.063 0.142 7.497 ∗∗∗ 0.847 0.717
C3 <--- Institution 1.086 0.144 7.544 ∗∗∗ 0.865 0.748
D1 <--- Environment 1.000 0.684 0.468 0.896 0.685
D2 <--- Environment 1.048 0.147 7.117 ∗∗∗ 0.887 0.787
D3 <--- Environment 1.025 0.149 6.884 ∗∗∗ 0.849 0.721
D4 <--- Environment 1.034 0.147 7.050 ∗∗∗ 0.875 0.766
∗∗*e mean P value is less than 0.001.

Table 10: Differential validity analysis.

Technology Economy Institution Environment
Technology 0.667
Economy 0.452∗∗ 0.684
Institution 0.439∗∗ 0.315∗∗ 0.685
Environment 0.394∗∗ 0.408∗∗ 0.296∗∗ 0.685
Average
square root 0.817 0.827 0.828 0.828

∗∗*e mean P value is less than 0.01, and the diagonal is the extraction
amount of variance of AVE evaluation.
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(i) Factor 1: technology. On the basis of the factor
loading, the influencing factors are ranked from
high to low: production efficiency (A2), quality of

employees (A3), and technical advantages (A1).
High quality of staff is beneficial to enhance the
competitiveness of enterprises. *us, the awareness
of technology adoption will be improved, which will
have a positive impact on the BIM adoption.
*erefore, construction enterprises pay attention to
the cultivation and improvement of employees’
skills with the organization. BIM, with its unique
advantages, can promote technology adoption.
*ereby, it can improve production efficiency and
return. Hence, technical factors positively affect
BIM adoption in China.

(ii) Factor 2: economy. According to the factor loading,
the influencing factors are ranked from high to low:
application of software (B2), investment in tech-
nology research and development (B1), and train-
related talents (B3). To some degree, enterprises pay
more attention to capital investment in BIM
adoption. *e more the investment, the higher the
return, the greater the income. Economy is an
important point in BIM adoption. However, most of
small- and medium-sized Chinese construction
enterprises dare not try to invest a lot of money to
use BIM. *ey are afraid of risks in engineering
projects, so they will not take action easily. *e
construction industry is still carried out in the
traditional way.*erefore, economic factors are also
the key factor affecting the BIM adoption efficiency.

(iii) Factor 3: institution. From the factor loading, the
influencing factors are ranked from high to low:
government subsidies (C2), improve standards to
adapt localization (C3), and improve laws and
systems (C1).*e finding indicates that government
policies also have an impact on BIM adoption.
Especially, the external incentives from government
will help enterprises’ BIM adoption. Improving the
corresponding rules and regulations shows that the
improvement in laws will also promote the devel-
opment of BIM. BIM standardization can provide
guidance for BIM adoption and promote infor-
mation delivery and sharing at all stages of the
project. In addition, government departments can
encourage policy actions to support enterprises to
actively adopt BIM. It can also provide official and
credible legal and regulatory guidance. More and
more organizations would begin to use BIM.
*erefore, institution factors will also affect BIM
adoption efficiency.

(iv) Factor 4: environment. Based on the factor loading,
the influencing factors are ranked from high to low:
distribution of talent structure (D4), emphasis on
technology adoption (D2), encourage technology
adoption (D3), and mandatory use of BIM (D1). It
mainly produces external motivation for con-
struction enterprises in BIM adoption by means of
compulsory or encouraging. Mandatory use of BIM
may promote its implementation in the project and
create a better external environment for its
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Figure 4: Standardized parameter estimation.
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application. When BIM technicians and senior
managers pay more attention to the use of BIM, it
will positively promote BIM adoption. *us, envi-
ronment factors have an impact on BIM adoption.

6.2. Recommendations

6.2.1. Developing a Reasonable Adoption Strategy. *e
survey results show that the production efficiency of con-
struction enterprises has a significant impact on BIM
adoption. Compared with developed countries, the appli-
cation depth of BIM is far from enough in China. *erefore,
for the promotion and application of BIM, construction
enterprises should formulate a clear and reasonable strategic
plan to improve the BIM adoption efficiency. For example,
employing high-quality employees and preferentially
choosing projects requiring BIM is conducive to enhance the
company’s own competitiveness. It can improve production
efficiency and expand industrial income and promote the
process of BIM adoption faster and better. It is very im-
portant to draw up a reasonable strategic plan for BIM
adoption. *e performance of construction project will be
improved based on the suitable applications associated with
multiple BIM technologies. From the technical level, com-
bined with the enterprise’s own conditions, the reasonable
technology adoption strategy is specified to improve the BIM
adoption efficiency. BIM application platform of con-
struction enterprises is the basis of BIM adoption. It is
essential to establish a platform suitable for BIM adoption in
construction enterprises. *e platform can be established by
the way of gradual expansion. Firstly, the BIM adoption,
data, and other information on the project are integrated.
*en, the professional application of BIM is realized. And
the data association is completed.

6.2.2. Optimizing the Direction of Enterprise Investment.
*e economic factors that affect the BIM adoption in
construction enterprises include the cost of software and
hardware, personnel expenses, the cost of restructuring work
mode, and the early benefits of using BIM.*e survey results
show that the cost of training BIM-related talents in tech-
nology investment has a significant impact on BIM adop-
tion. A large amount of funds will be an indispensable key
condition especially in the secondary development of BIM
software and will be put into use. Because it has a certain
degree of professionalism and involves many fields, enter-
prises will have a huge cost investment.*e R&D of software
should be combined with the characteristics of the Chinese
engineering management to speed up BIM’s work efficiency.
*erefore, the enterprise should make a reasonable resource
allocation plan according to its actual situation, for instance,
training or hiring BIM professionals in an all-round way,
investing a lot of funds in BIM adoption, maximizing the
value of BIM, and achieving a direct ratio between invest-
ment and return. For this reason, the more the investment,
the higher the return, the greater the income. In this way,
BIM should make a reasonable investment and investment
in technology to the greatest extent.

6.2.3. Holistic BIM Standard. BIM was first originated in
developed countries and then introduced into China. Most
of the research results of BIM and other related contents are
developed by external researchers. *erefore, sometimes, in
the BIM adoption, due to its technical standards and legal
environment that do not meet the relevant requirements of
China’s construction industry, the adoption efficiency will be
reduced. *e establishment of BIM standards is the core
content of implementation. Only when the BIM adoption
experience is refined into the standard of overall application
of enterprises, can these experiences be truly transformed
into productivity. *us, the overall BIM adoption efficiency
and quality can be improved. First, construction enterprises
can refer to the regulations of local government or BIM
technical standards formulated by developed countries,
forming a set of holistic BIM standards for Chinese con-
struction enterprises to better apply BIM. Second is for-
mulating and improving BIM technical regulations and laws
for the long-term development of construction enterprises,
so as to adapt to the localization of BIM. Based on this,
construction enterprises can protect their rights and in-
terests by specifying their rights and interests in the contract
and the delivery standard of the final model. In addition,
relevant government departments support BIM adoption
and introduce corresponding subsidy policies, which will
also promote BIM adoption. *rough the above, we can
improve the BIM adoption efficiency from the institutional
level.

6.2.4. Changing the Internal Environment of Enterprises.
According to the survey results, top managers within the
organization attach importance to the BIM adoption is a
major influencing factor. If enterprises want to improve the
BIM adoption efficiency, they should encourage senior
leaders to accept BIM and enhance their trust in it.
*erefore, we can formulate relevant policies and systems to
improve the management’s recognition of BIM. Construc-
tion enterprises can establish a good incentive mechanism to
encourage the pilot work of various BIM projects, constantly
accumulating experience in the pilot projects, training the
team, and improving the BIM standard system. *ey can
also appropriately change the internal talent structure al-
location in order to make BIM better applied. For example,
special funds are set up to encourage employees who study
or apply BIM independently, establish a study group, add
corresponding BIM assessment mechanism, hold some re-
lated competitions about BIM, and hold a seminar on BIM
once a month. Above all, it can fully mobilize the enthusiasm
of enterprise employees to adopt BIM and better promote
the adoption efficiency of it.

7. Conclusions

Compared with developed countries, due to backward
technology, lower economy, and incomplete BIM system,
the effect of BIM adoption is pessimistic in construction
enterprises in developing countries. Although BIM has been
invented for years, the depth and breadth of its
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popularization are far from enough in developing countries,
such as China. Also, there is a lack of comprehensive re-
search on the impact of BIM adoption in Chinese con-
struction enterprises. BIM adoption will encounter great
challenges. *erefore, it is necessary to identify and discuss
factors influencing BIM adoption in an all-round way. In
this way, the key factors are determined. BIM adoption
efficiency would be improved by taking appropriate strat-
egies in Chinese construction enterprises.

*is paper determines the influencing factors on the
basis of previous literature, which is used to form a ques-
tionnaire. According to the collected data, the hypothesis
model is established. For verifying and modifying the hy-
pothesis model, the structural equation modeling method
and AMOS and SPSS software are utilized. *ese factors
were divided into four different levels in a hierarchy in
accordance with SEM analysis. *e results suggest that the
influencing factors are arranged from large to small: tech-
nology (β� 0.50), economy (β� 0.49), environment
(β� 0.48), and institution (β� 0.44). According to the factor
load, in terms of technical factors, it shows that A2 (β� 0.85)
>A3 (β� 0.84)>A1 (β� 0.76). In terms of economic factors,
it shows that B2 (β� 0.85)>B1 (β� 0.82)>B3 (β� 0.79). In
terms of institutional factors, it shows that C2 (β� 0.83)�C3
(β� 0.83)>C1 (β� 0.81). In terms of environmental factors,
it shows that D4 (β� 0.89)>D2 (β� 0.88)>D3 (β� 0.85)
>D1 (β� 0.66). Based on the weight, combined with the
practical situation, BIM adoption strategies of construction
industries are proposed.*e theoretical contributions of this
research are as follows: (1) key factors influencing BIM
adoption from the perspective of all construction enterprises
in China are distinguished and discussed; (2) the analysis
system of BIM adoption influencing factors is established by
the SEM method. *e influencing factors are summarized
and sorted from primary to secondary to determine the key
factors. *e findings of this study are expected to provide a
better understanding of the essential elements affecting BIM
adoption in the construction industries and guide industry
practitioners in developing proper strategies to achieve more
effective BIM adoption. *us, for improving the efficiency
faster, the construction enterprises with low efficiency in
BIM adoption should focus on solving the main factors. On
the contrary, various influencing factors could be balanced
to define suitable policies and strategies for construction
enterprises with relatively good BIM adoption efficiency.
From the perspective of the world, China can be taken as an
empirical case. For other developing countries, combined
with their own characteristics, it more effectively improves
the BIM adoption efficiency and improves the production
efficiency of construction enterprises, furthermore devel-
oping the economy to a greater extent.

Besides, there are still some limitations on this study.
*is paper studies the key factors of BIM adoption from the
perspective of all construction enterprises in China. When
the questionnaire was issued to all types of Chinese con-
struction enterprises, there was no classification study and
discussion on different types of AEC firms in China. Owing
to the influence of different factors on each type of con-
struction enterprises is different, and the obtained results are

also diverse. *erefore, based on large enough sample data
and research literature, future research would provide a
reasonable classification of Chinese construction enter-
prises.*en, the key influencing factors of BIM adoption will
be studied for different types of construction enterprises
from diverse perspectives.
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