
Citation: Luan, H.; Li, L.; Jiang, P.;

Zhou, J. Critical Factors Affecting the

Promotion of Emerging Information

Technology in Prefabricated Building

Projects: A Hybrid Evaluation Model.

Buildings 2022, 12, 1577. https://

doi.org/10.3390/buildings12101577

Academic Editors: Yuan Chen,

Hexu Liu, Xianfei Yin, Bo Xiao,

Yinghua Shen and Farook Hamzeh

Received: 1 September 2022

Accepted: 27 September 2022

Published: 30 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

buildings

Article

Critical Factors Affecting the Promotion of Emerging
Information Technology in Prefabricated Building Projects: A
Hybrid Evaluation Model
Haiying Luan 1, Long Li 1, Peng Jiang 2 and Jian Zhou 1,*

1 School of Management Engineering, Qingdao University of Technology, Qingdao 266520, China
2 Unit 92330 of PLA, No.15, ShaZiKou, Qingdao 266102, China
* Correspondence: jianzhousome@qut.edu.cn

Abstract: Emerging information technology (EIT), characterized by intelligence, digitization, and
automation, can facilitate activities such as stakeholder cooperation, information management, and
construction management to enhance the overall performance in prefabricated building projects
(PBPs). A variety of EITs are currently being used in PBPs, but their development is relatively sluggish
and still in the infancy stage. Previous studies have explored the challenges and barriers of EIT in
PBPs; however, the correlations between these factors have not been thoroughly examined. Therefore,
the goal of this study is to pinpoint the characteristics and connections between EIT-affecting elements.
Based on the technology–organization–environment (TOE) framework, this study firstly summarizes
20 influencing factors of EIT adoption and promotion in PBPs mentioned in the previous literature
through a literature review. Then, EIT experts were invited to conduct semi-structured interviews
to evaluate the relationship and the degree of influence among 20 influencing factors. Finally, the
DEMATEL-ISM approach was used to assess the characteristics of each factor and the hierarchy
between them. The results demonstrated that the influencing degree of the environmental dimension
was more significant and had a greater influence on the whole network of influencing factors. The
factors of the organizational dimension have a higher influenced degree and are easily influenced
by other factors. Due to the current lack of awareness of EIT, the majority of the technology-related
influencing factors have a less significant effect on adopting and promoting EIT. In summary, this
study assists in analyzing the characteristics and correlations of the factors that influence EIT adoption
and promotion in PBPs and identifies critical influencing factors. It also aids the government and
stakeholders in developing a deeper understanding and knowledge of EIT, thereby promoting the
development of EIT in PBPs.

Keywords: prefabricated building projects; emerging information technologies; influencing factors;
DEMATEL-ISM

1. Introduction

The prefabricated construction (PC) method solves the problems of low production
efficiency, serious environmental pollution, lengthy construction times, and material waste
caused by traditional construction methods and is considered to be a major innovation in
construction technology in the construction industry [1–4]. Although it has been recognized
and supported by the global construction industry, PC has amplified the fragmented
characteristics of the construction industry, which has brought many new problems [5].
These problems stem from various factors, including fragmented workspace, interrupted
workflow, numerous stakeholders, and an enormous quantity of information [6–8], which
may hinder the performance of prefabricated building projects (PBPs) and the sustainable
development of the construction industry. On the other hand, as PBPs become larger and
more complicated, revisions, rework, or quality problems are more likely to arise during the
design and construction phases [9,10]. The main problem is that the stakeholders involved
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in PBPs who are in charge of different tasks have sporadic relationships, poor coordination
and communication, and little control over the entire project [11,12]. To this end, scholars
are actively looking for innovative means and methods to overcome the above problems.

Compared with traditional on-site construction, the prefabricated construction method
moves the production work to the factory, which improves the standardization and mecha-
nization of the production process, and also promotes the automation and mass production
of components [13,14]. This feature makes it easier for PBPs to apply the emerging infor-
mation technology (EIT) in the concept of Industry 4.0, that is, to use digital and intelligent
means to solve the problems mentioned in the above paragraph [12]. At present, EITs used
in PBPs include but are not limited to building information modelling (BIM), Radio Fre-
quency Identification (RFID), Internet of Things (IoT), etc. These EITs can improve design
and construction quality, enhance communication efficiency between stakeholders, and
promote information sharing in PBPs [15–17]. For example, BIM is often used in building
system design, collaborative design, 3D visualization, and conflict visualization, which can
effectively reduce changes and rework problems, and also provide a collaborative platform
for different stakeholders [18,19]. RFID can collect, store, share, and trace the information
of prefabricated components in real time, which is beneficial for stakeholders to grasp
dynamic information in a timely manner and alleviate information asymmetry [20,21]. The
IoT can enhance the world connection by enabling the integration of things in both the
physical world and cyber space [22], for example, real-time monitoring of greenhouse gas
emissions [23], providing on-site assembly services for prefabricated construction [24], etc.
It can be found that the use of EIT in PBPs can greatly improve the performance of PBPs,
and has been generally recognized by the government, scholars, and industry participants.

However, in the construction industry, the promotion of EIT is extremely passive
and slow. At present, some scholars have studied the influencing factors of EIT adoption
and promotion in the construction industry. Taking BIM as an example, BIM consists
of a series of software that assists practitioners with tasks such as model construction,
conflict detection, and visualization. However, the poor compatibility of these software
with data have led to unsatisfactory effects of BIM application [18,25]. Due to the lack of
professional knowledge and professionals related to EIT, the problems that EIT solved
in prefabricated buildings are limited and the benefits are insufficient [26]. At the same
time, the cost of adopting and training in EIT also hinders its promotion in PBPs [27].
In addition, Qin et al. used the DEMATEL method to identify the critical influencing
factors affecting the adoption of EIT in the construction industry in terms of technological,
economic, organizational, and environmental dimensions [9]. Chen et al. developed a
research model based on the TOE framework to identify the adoption of EIT in the Chinese
construction industry, and analyzed and discussed the significance of each influencing
factor [11]. Although the current studies have systematically explored the influencing
factors affecting the adoption and promotion of EIT in PBPs, it still lacks an in-depth
analysis of the linkages between the influencing factors [9,11]. In fact, the factors affecting
EIT adoption and promotion do not play a role in isolation, and exploring the relationships
among factors can provide a deeper understanding of EIT adoption and promotion paths.
Therefore, the purpose of this paper is to identify the influencing factors of EIT adoption
and promotion in PBPs and to explore the association between these factors to understand
the path of EIT adoption and promotion. This is the first time of conducting correlation
analysis and path analysis on the influencing factors of EIT adoption and promotion in
PBPs, which will help researchers understand the interaction between influencing factors
to better promote the development of EIT. The article is structured as follows. In Section 2,
the EIT used in PBPs, the technology–organization–environment (TOE) framework, and
influencing factors are reviewed. In Section 3, the research framework and methodology of
this study are elaborated. In Sections 4 and 5, influencing factors and their interrelationships
are analyzed and discussed. Finally, Section 6 concludes the paper and gives an outlook on
future work.
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2. Literature Review
2.1. EIT in PBPs

Emerging information technology refers to digitization, automation, and intelligence
to help stakeholders manage and implement activities [28]. The primary functions of EIT
are to help stakeholders collect, acquire, integrate, analyze, exchange, and share informa-
tion and data in PBPs [29]. To date, various EITs have been adopted in PBPs to improve
overall performance, including building information modeling (BIM), radio frequency iden-
tification (RFID), Internet of Things (IoT), Big Data, cloud computing, blockchain, digital
twin, sensors, virtual reality (VR), augmented reality (AR), and mixed reality (MR) [29–31].
These EITs can cover multiple applications of PBPs in the pre-design and planning, pro-
duction, transportation, on-site assembly, and operation and maintenance stages, bringing
great changes to the implementation of PBPs. For example, BIM, VR, AR, and MR are
mainly used in design and visualization [12,32,33]. RFID, Big Data, cloud computing,
blockchain, and sensors can be applied to the management of large amounts of information
in PBPs [29,30]. The IoT can be used as an integrated platform to achieve interconnec-
tion [34,35]. Digital twins can realize the mapping between physical and virtual entities,
and can simulate, analyze, predict, and optimize PBPs [36]. In addition, a trend in EIT
development is the integration of multiple EITs to better solve problems in PBPs. In order
to solve the problems of incomplete and untimely data exchange and lack of traceability
existing in BIM, Li et al. designed an Internet of Things-enabled BIM platform, which
integrated BIM, IoT, RFID, and VR to better serve the on-site assembly of prefabricated
buildings [24].

2.2. Technology–Organization–Environment Framework

The technology–organization–environment (TOE) framework has been widely used
in research related to the adoption of new technologies [37]. The theory argues that the
adoption and promotion process of new technologies is influenced by three dimensions:
technology, organization, and environment [38]. Among them, technological factors are
reflected in the characteristics and functions of EIT itself and the advantages of adopting
and promoting EIT in PBPs [39,40]. Organizational factors are reflected in the degree of
enterprise support for EIT adoption in PBPs and the impact of organizational characteristics
and resources [38,41]. Environmental factors mainly refer to the impact of the industry
environment on the adoption and promotion of new technologies [38]. Previous studies
have applied the TOE framework to study the influencing factors of the adoption of
Big Data in small and medium-sized enterprises (SMEs) [40], the adoption of BIM in
the construction industry [11,39], and the adoption of social media in the construction
industry [42]. Therefore, it is used as a theoretical basis for analyzing the influencing factors
of EIT adoption and promotion in PBPs.

2.3. Critical Challenges of EIT Promotion in PBPs

Based on the TOE framework, we identified the influencing factors of EIT adoption
and promotion in PBPs from three dimensions: technology, organization, and environ-
ment. First, in the technological dimension, the relative advantages and complexity of
EITs [11,43], the lack of standards and perfect processes [44], the interoperability between
EITs, and the security of information in EIT are considered as influencing factors for the
adoption and promotion of EIT in PBPs [12,34]. Second, in the organizational dimension,
much of the literature agrees that the attitude of top managers has a very significant
impact on the adoption and promotion of EIT [9,11,44,45]. In addition, organizational
structures and workflows, traditional mindsets, the number of EIT experts and technicians,
and EIT adoption, operational, and training costs can also influence EIT adoption and
promotion [44,46,47] . Similarly, in the environmental dimension, the factors that affect the
adoption and promotion of EIT in PBPs include the requirements of national policies and
regulations, the needs of EIT in the industry, and competition from similar companies [9,43].



Buildings 2022, 12, 1577 4 of 18

According to the above analysis, we identified 20 influencing factors in this study, as shown
in Table 1.

Table 1. Factors for the adoption and promotion of EIT based on TOE framework in PBPs.

Dimension Code Factors Reference

Technological

TE1 Integrating the workflows in PBPs [11,48]
TE2 Matching the workflows in PBPs [11,46,49]
TE3 Complexity of EIT Implementation [44,50–52]
TE4 Maturity of EIT [9,19,39,43,53]
TE5 Standardization level of EIT [9,19,45,54]
TE6 Interoperability between EITs [12,34,55,56]
TE7 Continual updating of EIT [10,12]
TE8 Ensure the security of information [10,34,57]

Organizational

OR1 Attitudes of top management towards EIT [11,19,44,58]
OR2 Organizational structure to support EIT [19,47,49]
OR3 EIT training programs [45,59,60]
OR4 Acquire professional knowledge and talents related to EIT [12,46,61]
OR5 Change-resistant attitudes in PBPs [53,62]
OR6 The cost of applying, training, updating and development EIT [9,10,19,39,44,53]
OR7 The benefit of adopting EIT [9,19,53]

Environmental

EN1 Pressure on competitors to adopt EIT in PBPs [11,39,43,53]
EN2 Customer demand for EIT in PBPs [11,43,44]
EN3 Pressure on partners to adopt EIT in PBPs [9,11,43]
EN4 EIT-related national policy requirements [12,19,43,53]
EN5 The need for EIT in PBPs [11,39,43]

3. Methodology

The purpose of this study was to explore the correlation relationship between factors
in order to gain a deeper understanding of EIT adoption and promotion paths in PBPs.
To achieve the above goals, the following methods were used in this study: (1) literature
review; (2) semi-structured interviews; (3) DEMATEL-ISM. The detailed process is shown
in Figure 1. First, the factors influencing the adoption and promotion of EIT under the
TOE framework were identified through a literature review, which is described in detail
in Section 2.3, as shown in Table 1. Secondly, on the basis of identifying the influencing
factors, a questionnaire was designed to conduct semi-structured interviews with experts
in this field, and the correlation between the influencing factors was obtained. Next, the
collected data were analyzed using the DEMATEL-ISM method to obtain the attributes of
the influencing factors and the influence paths. The specific application method will be
introduced in the following subsections.

Figure 1. Research Framework.
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3.1. Data Collection

Since determining the association between the influencing factors of EIT adoption and
promotion requires experts with extensive empirical knowledge and a solid professional
foundation, we selected semi-structured interviews to collect the association between influ-
encing factors in this study. Semi-structured interviews are conducted with individuals who
have broad expertise and experience and can better fill knowledge gaps in complex research
questions [63]. On the other hand, interviews are flexible and allow for in-depth analysis
and discussions between researchers and respondents to provide new information [64].
Boach et al. collected stakeholders’ views on the added value of BIM in the operational
phase through semi-structured interviews [65]. Pan et al. conducted semi-structured inter-
views with the management and engineers of the target precast concrete manufacturers
and with sales managers of the technology suppliers to collect the reasons for adopting or
not adopting robots [43]. It can be found that the semi-structured interview is an effective
way to collect data for studying the adoption of new technologies.

Furthermore, the application of EIT in PBPs is still in its infancy, and researchers have
limited understanding of EIT. Therefore, based on the 20 influencing factors identified
under the TOE framework and the form of the data needed in DEMATE-ISM, six experts
with extensive experience in the field were invited to conduct interviews in this study.
Before the interview, we designed a questionnaire to assist in obtaining expert information
and evaluation. The questionnaire consists of two parts. The first part was used to collect
basic information such as professional type, educational background, and work experience
of experts. The second part was used to collect experts’ evaluations on the relationship
and influence strength of the 20 influencing factors. The data serve as the basis for the
subsequent analysis. Therefore, in the second part, these experts were asked to assess
whether there was an association between the 20 influencing factors and to score the degree
of influence between pairs of factors with an association using a 5-point Likert scale from 0
to 4. The range spanned from 0 (no impact) to 1 (minimal impact), 2 (moderate impact),
3 (high impact), and 4 (very high impact). Finally, we collected six evaluations on the
relationship between the influencing factors and the degree of influence. The specific
information of these six experts is shown in Table 2, including stakeholders from designers,
manufacturers, contractors, and research units. In addition, all six experts have three or
more years of experience in using EIT, and have a relatively in-depth understanding of
the adoption and promotion of EIT in PBPs. Therefore, the data of this study are valid
and representative.

Table 2. Profiles of respondents.

Categories Respondent Types Number of Respondents Percentage (%)

Occupation type

Designers 2 33.3%
Manufacturers 1 16.7%

Contractors 1 16.7%
Research units 2 33.3%

Educational background
Ph.D. 2 33.3%

Master’s degree 1 16.7%
Undergraduate or below 3 50%

Years of experience in EIT
6–10 1 16.7%
3–5 3 50%
<3 2 33.3%

3.2. Process Based on DEMATEL-ISM Method

The Decision Experimentation and Evaluation Laboratory (DEMATEL) uses a matrix
structure to model the pairwise relationships between the influencing factors of complex
problems [66,67]. It mainly uses the experience and knowledge of experts to make judg-
ments on complex problems [68]. This method effectively discovers direct and indirect
relationships between influencing factors and their interdependencies [69]. That is to say,
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DEMATEL divides the factors into cause and effect groups by calculating the influenc-
ing degree and the influenced degree of the factors to distinguish the attributes of the
factors [66]. To further analyze the hierarchical relationship of each factor and clarify its
internal relationship, this paper includes the interpretation structural model (ISM) method.
The combination of both is helpful to identify the impact degree of emerging technology
adoption and to construct a hierarchical structure of factors, which can effectively analyze
the correlation between factors [70]. Thus, in summary, the use of DEMATEL-ISM can
improve the understanding of clusters of specific and intertwined problems and help
identify practical solutions through hierarchical structures [71,72]. Researchers often use
this method to perform factor analysis based on this feature. For example, Reza Hoseini
et al. used the DEMATEL-ISM method to explore the obstacles and challenges of BIM
implementation in the construction industry and provide effective recommendations for
adopting of BIM in the construction industry [73]. Li et al. used the DEMATEL-ISM method
to analyze the influence degree and hierarchical structure of miners’ insecurity emotion
formation factors [74].

Summarizing previous studies, the steps for implementing the DEMATEL-ISM method
in this study were formed [70,74,75]:

1. Determine the influencing factors of EIT adoption and promotion in PBPs. X repre-
sents the set of factors, and the factors are labeled as x1, x2, . . . , xn;

2. Determine the direct influence matrix A. The semi-structured interview method was
used to compare the influence of xi on xj and its degree of influence (0–4). The
comparison of the factor with itself is considered to have no effect; that is, the value of
the diagonal in the direct influence matrix is 0. Therefore, the matrix A is shown in
Equation (1):

A =


0 x12 · · · x1n

x21 0 · · · x2n
...

...
. . .

...
xn1 xn2 · · · 0

 (1)

where xij represents the degree of influence of xi on xj, and n is the number of EIT
influencing factors;

3. Calculate the normalized direct relation matrix B through the method of the largest
sum of rows. In other words, summing each row of matrix A, and normalizing
the values in matrix A according to the rows’ maximum value to obtain normative
influence matrix B, whose expression is shown in Equation (2):

B =
xij

max
(

∑n
j=1 xij

) (2)

4. Calculate the comprehensive influence matrix T. Matrix T represents the comprehen-
sive effect of the direct and indirect influences between the influencing factors. When
the matrix B conducts successive self-multiplication, all the values of the matrix will
approach 0, that is, limBk = 0. Its expression is shown in Equation (3):

T = lim
K→∞

(
B + B2 + · · ·+ BK

)
= lim

K→∞
B
(

I − BK
)
(I − B)−1 = B(I − B)−1 (3)

where I is the identity matrix of the same order as B;
5. Calculate the influencing degree, influenced degree, centrality, and causality of the

factors. The influencing degree refers to the sum of the values of each row in the
comprehensive influence matrix, which represents the comprehensive influence value
of factor xi on all other factors, denoted as Ci. The influenced degree refers to the
sum of the values of each column in matrix T, which means that xi receives the
comprehensive influence of all other factors, which is denoted as Di. The centrality
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of xi (Mi) is the sum of its influencing and influenced degree, while the cause degree
of xi (Ni) is the difference between its influencing and influenced degree. If Ni is
greater than 0, then xi is the cause factor; otherwise, xi is the effect factor. The above
calculation equation is shown in (4)–(7):

Ci =
n

∑
j=1

xij, (i = 1, 2, · · · , n) (4)

Di =
n

∑
j=1

xji, (i = 1, 2, · · · , n) (5)

Mi = Ci + Di, (i = 1, 2, · · · , n) (6)

Ni = Ci − Di, (i = 1, 2, · · · , n) (7)

6. Determine the overall influence matrix E. The matrix E is composed of the matrix T
plus the identity matrix I. Its expression is shown in Equation (8):

E = T + I (8)

7. Determine the reachability matrix K. When calculating the reachability matrix, a
threshold λ needs to be introduced to eliminate the relationship between factors with
less influence and facilitate the division of the structural hierarchy.

Since the value of λ directly affects the hierarchical division of the reachability matrix,
how to determine the threshold λ is critical to establishing the reachability matrix. This
study adopts the averaging method; that is, the threshold λ is determined by calculating
the average value of the factors in the comprehensive influence matrix T. In matrix K, kij is
calculated as shown in Equations (9) and (10):

I f tij > λ(i, j = 1, 2, · · · , n), kij = 1 (9)

I f tij < λ(i, j = 1, 2, · · · , n), kij = 0 (10)

where tij is the factor in the comprehensive influence matrix T. kij = 1 means that there is a
strong influence relationship between factors xi and xj; on the contrary, there is no or weak
influence relationship between xi and xj;

8. Construct a multi-level ISM model. The hierarchical division needs to determine the
antecedent set (F(xi)), reachable set (R(xi)), and common set (Q(xi)), which can be
divided by Equations (11)–(13). If Q(xi) = R(xi), then factor xi belongs to the first level;
and repeating Equations (11)–(13) can perform the hierarchical division for all factors:

F(xi) =
{

xj
∣∣xj ∈ X, k ji = 1

}
, (i = 1, 2, · · · , n) (11)

R(xi) =
{

xj
∣∣xj ∈ X, kij = 1

}
, (i = 1, 2, · · · , n) (12)

Q(xi) = F(xi) ∩ R(xi), (i = 1, 2, · · · , n) (13)

4. Results and Analysis
4.1. Result Analysis of DEMATEL

We calculated the influence degree of each factor on the EIT adoption and promotion
in PBPs via DEMATEL. First, six direct influence matrices were obtained based on the scores
of six experts for each pair of factors. The average values of the six direct influence matrices
were calculated as the final direct influence matrix A in this study, as shown in Table 3. Then,
according to Equations (2) and (3), this study used MATLAB to calculate the normalized
direct relation matrix B as well as the comprehensive influence matrix T, as shown in
Tables 4 and 5, respectively. Next, indicators such as the influencing degree, influenced
degree, centrality, and causality of each factor can be calculated by Equations (4)–(7), and
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the figure of cause–effect of influencing factors of EIT adoption and promotion in PBPs is
generated. The details are presented in Table 6 and Figure 2.

Table 3. Direct Influence Matrix A.

T1 T2 T3 T4 T5 T6 T7 T8 O1 O2 O3 O4 O5 O6 O7 E1 E2 E3 E4 E5

T1 0 4 2 3 4 3 2 2 3 3 2 2 3 3 3 2 2 2 2 3
T2 4 0 2 3 3 3 2 2 3 3 3 3 3 3 3 1 2 2 3 3
T3 3 3 0 4 3 4 3 2 2 2 3 3 3 3 3 2 2 2 1 2
T4 3 3 2 0 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2
T5 3 3 3 3 0 3 3 2 3 3 3 3 2 2 3 1 2 2 2 2
T6 3 3 2 3 3 0 3 3 3 2 3 3 2 2 3 2 2 2 2 2
T7 2 2 3 3 3 3 0 3 3 2 2 3 2 3 2 2 2 2 2 2
T8 2 2 3 3 3 2 3 0 3 3 3 3 2 2 2 2 3 2 2 3
O1 3 3 2 3 3 3 3 3 0 4 3 3 3 3 4 2 3 3 2 2
O2 3 3 2 3 4 2 2 2 4 0 3 3 3 3 4 2 2 2 2 2
O3 3 3 3 3 3 2 2 2 2 3 0 3 2 3 3 2 2 2 2 2
O4 3 3 2 3 3 3 2 2 3 3 3 0 2 3 3 3 2 2 2 2
O5 2 2 3 3 3 3 2 2 3 3 3 3 0 3 3 2 2 2 3 2
O6 3 3 2 3 3 3 3 3 3 3 3 3 2 0 4 3 2 2 2 2
O7 3 3 3 3 2 3 3 3 4 3 4 4 3 4 0 3 3 2 2 3
E1 2 2 2 2 2 2 3 3 2 2 3 3 3 2 2 0 2 3 2 2
E2 2 2 3 3 3 2 3 4 3 3 3 3 3 3 3 2 0 3 2 3
E3 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 1 1 0 2 2
E4 2 3 3 4 3 3 3 3 4 3 3 3 3 3 3 3 3 3 0 4
E5 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 3 4 0

Table 4. Normalized Direct Relation Matrix B.

T1 T2 T3 T4 T5 T6 T7 T8 O1 O2 O3 O4 O5 O6 O7 E1 E2 E3 E4 E5

T1 0.000 0.067 0.033 0.050 0.067 0.050 0.033 0.033 0.050 0.050 0.033 0.033 0.050 0.050 0.050 0.033 0.033 0.033 0.033 0.050
T2 0.067 0.000 0.033 0.050 0.050 0.050 0.033 0.033 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.017 0.033 0.033 0.050 0.050
T3 0.050 0.050 0.000 0.067 0.050 0.067 0.050 0.033 0.033 0.033 0.050 0.050 0.050 0.050 0.050 0.033 0.033 0.033 0.017 0.033
T4 0.050 0.050 0.033 0.000 0.050 0.050 0.050 0.050 0.050 0.050 0.033 0.050 0.033 0.050 0.033 0.033 0.050 0.033 0.033 0.033
T5 0.050 0.050 0.050 0.050 0.000 0.050 0.050 0.033 0.050 0.050 0.050 0.050 0.033 0.033 0.050 0.017 0.033 0.033 0.033 0.033
T6 0.050 0.050 0.033 0.050 0.050 0.000 0.050 0.050 0.050 0.033 0.050 0.050 0.033 0.033 0.050 0.033 0.033 0.033 0.033 0.033
T7 0.033 0.033 0.050 0.050 0.050 0.050 0.000 0.050 0.050 0.033 0.033 0.050 0.033 0.050 0.033 0.033 0.033 0.033 0.033 0.033
T8 0.033 0.033 0.050 0.050 0.050 0.033 0.050 0.000 0.050 0.050 0.050 0.050 0.033 0.033 0.033 0.033 0.050 0.033 0.033 0.050
O1 0.050 0.050 0.033 0.050 0.050 0.050 0.050 0.050 0.000 0.067 0.050 0.050 0.050 0.050 0.067 0.033 0.050 0.050 0.033 0.033
O2 0.050 0.050 0.033 0.050 0.067 0.033 0.033 0.033 0.067 0.000 0.050 0.050 0.050 0.050 0.067 0.033 0.033 0.033 0.033 0.033
O3 0.050 0.050 0.050 0.050 0.050 0.033 0.033 0.033 0.033 0.050 0.000 0.050 0.033 0.050 0.050 0.033 0.033 0.033 0.033 0.033
O4 0.050 0.050 0.033 0.050 0.050 0.050 0.033 0.033 0.050 0.050 0.050 0.000 0.033 0.050 0.050 0.050 0.033 0.033 0.033 0.033
O5 0.033 0.033 0.050 0.050 0.050 0.050 0.033 0.033 0.050 0.050 0.050 0.050 0.000 0.050 0.050 0.033 0.033 0.033 0.050 0.033
O6 0.050 0.050 0.033 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.033 0.000 0.067 0.050 0.033 0.033 0.033 0.033
O7 0.050 0.050 0.050 0.050 0.033 0.050 0.050 0.050 0.067 0.050 0.067 0.067 0.050 0.067 0.000 0.050 0.050 0.033 0.033 0.050
E1 0.033 0.033 0.033 0.033 0.033 0.033 0.050 0.050 0.033 0.033 0.050 0.050 0.050 0.033 0.033 0.000 0.033 0.050 0.033 0.033
E2 0.033 0.033 0.050 0.050 0.050 0.033 0.050 0.067 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.033 0.000 0.050 0.033 0.050
E3 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.050 0.033 0.033 0.017 0.017 0.000 0.033 0.033
E4 0.033 0.050 0.050 0.067 0.050 0.050 0.050 0.050 0.067 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000 0.067
E5 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.067 0.067 0.050 0.050 0.050 0.050 0.050 0.067 0.000

Table 5. Comprehensive Influence Matrix T.

T1 T2 T3 T4 T5 T6 T7 T8 O1 O2 O3 O4 O5 O6 O7 E1 E2 E3 E4 E5

T1 0.224 0.290 0.235 0.293 0.306 0.274 0.248 0.243 0.291 0.279 0.266 0.278 0.262 0.278 0.287 0.206 0.220 0.217 0.211 0.242
T2 0.292 0.233 0.240 0.299 0.296 0.279 0.253 0.248 0.296 0.284 0.286 0.299 0.267 0.283 0.293 0.196 0.225 0.221 0.230 0.247
T3 0.269 0.272 0.201 0.306 0.288 0.287 0.261 0.241 0.272 0.260 0.278 0.291 0.258 0.275 0.284 0.205 0.218 0.215 0.193 0.224
T4 0.266 0.269 0.230 0.239 0.285 0.268 0.258 0.254 0.284 0.273 0.260 0.287 0.241 0.272 0.266 0.202 0.231 0.213 0.206 0.222
T5 0.263 0.266 0.242 0.284 0.233 0.265 0.254 0.234 0.280 0.269 0.271 0.283 0.237 0.253 0.277 0.184 0.212 0.209 0.203 0.218
T6 0.261 0.265 0.227 0.282 0.279 0.216 0.254 0.249 0.279 0.253 0.270 0.282 0.237 0.252 0.276 0.199 0.212 0.209 0.203 0.218
T7 0.237 0.240 0.234 0.273 0.270 0.255 0.198 0.241 0.270 0.244 0.246 0.273 0.228 0.258 0.251 0.192 0.205 0.202 0.195 0.210
T8 0.246 0.249 0.243 0.283 0.280 0.249 0.255 0.202 0.280 0.269 0.271 0.283 0.237 0.253 0.261 0.199 0.228 0.210 0.203 0.233
O1 0.291 0.294 0.253 0.315 0.312 0.293 0.282 0.277 0.264 0.314 0.302 0.315 0.280 0.298 0.323 0.222 0.252 0.249 0.226 0.244
O2 0.276 0.279 0.239 0.298 0.310 0.263 0.252 0.247 0.310 0.236 0.286 0.298 0.266 0.283 0.307 0.210 0.224 0.221 0.214 0.230
O3 0.258 0.261 0.238 0.278 0.275 0.245 0.235 0.230 0.260 0.264 0.219 0.278 0.233 0.264 0.272 0.196 0.208 0.206 0.199 0.215
O4 0.266 0.269 0.230 0.287 0.284 0.268 0.243 0.238 0.284 0.273 0.275 0.240 0.241 0.272 0.281 0.218 0.215 0.213 0.206 0.221
O5 0.251 0.255 0.247 0.289 0.285 0.269 0.244 0.239 0.285 0.274 0.277 0.288 0.209 0.273 0.282 0.204 0.216 0.214 0.222 0.222
O6 0.279 0.282 0.242 0.301 0.298 0.281 0.271 0.266 0.298 0.286 0.289 0.302 0.253 0.238 0.309 0.228 0.226 0.223 0.216 0.233
O7 0.305 0.308 0.281 0.330 0.311 0.307 0.295 0.290 0.341 0.313 0.331 0.345 0.293 0.327 0.275 0.249 0.263 0.245 0.237 0.270
E1 0.226 0.229 0.210 0.246 0.243 0.229 0.235 0.231 0.243 0.233 0.251 0.261 0.234 0.232 0.240 0.152 0.195 0.209 0.188 0.201
E2 0.267 0.270 0.261 0.306 0.302 0.269 0.274 0.285 0.302 0.290 0.293 0.306 0.272 0.289 0.298 0.216 0.197 0.242 0.219 0.251
E3 0.199 0.201 0.184 0.216 0.213 0.201 0.193 0.189 0.213 0.204 0.206 0.215 0.207 0.204 0.210 0.147 0.157 0.138 0.165 0.177
E4 0.293 0.312 0.285 0.350 0.331 0.312 0.300 0.295 0.346 0.317 0.320 0.335 0.298 0.316 0.327 0.252 0.268 0.265 0.209 0.290
E5 0.312 0.316 0.289 0.339 0.335 0.316 0.303 0.298 0.335 0.321 0.324 0.354 0.317 0.320 0.331 0.255 0.270 0.267 0.275 0.231
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Table 6. Results of DEMATEL analysis.

Factors Influencing Degree Influenced Degree Centrality Causality

T1 3.294 3.243 6.537 0.050
T2 3.301 3.237 6.539 0.064
T3 3.383 2.797 6.179 0.586
T4 3.215 3.650 6.865 −0.434
T5 3.016 3.601 6.618 −0.585
T6 3.340 3.464 6.804 −0.125
T7 3.062 3.266 6.329 −0.204
T8 3.128 3.121 6.249 0.006
O1 3.314 3.924 7.239 −0.610
O2 3.334 3.742 7.076 −0.407
O3 2.957 3.729 6.686 −0.772
O4 3.329 3.715 7.045 −0.386
O5 3.233 3.373 6.606 −0.140
O6 3.585 3.681 7.266 −0.097
O7 3.603 3.617 7.220 −0.014
E1 2.894 2.677 5.571 0.216
E2 3.404 2.739 6.143 0.665
E3 2.288 2.589 4.877 −0.301
E4 4.181 2.622 6.804 1.559
E5 3.918 2.991 6.910 0.927

Figure 2. Cause–effect diagram of factors influencing EIT adoption and promotion.

The attributes of each factor can be obtained by comprehensively analyzing the in-
dicators of influencing degree, influenced degree, centrality, and causality calculated by
DEMATEL. Influencing Degree represents the combined influence of factor xi on other
factors, indicating that the factor with a larger value has a stronger influence. E4, E5, O7,
O1, and E2 ranked in the top five in terms of influencing degree, which belongs to the
environmental and organizational dimensions. It can be shown that factors such as industry
needs, EIT-related national policies and regulations, attitudes of top management, and
benefits of adopting EIT can not only directly affect, but also indirectly affect the adoption
and promotion of EIT by affecting the remaining factors [9,11]. Influenced degree means
that factor xi receives the combined influence of other factors. T4, O4, T5, O1, and O7
have highly influenced degrees, which shows that these factors are susceptible to other
factors, and also shows that these factors are more closely related to other factors. Naturally,
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the improvement of these factors can effectively promote the adoption and promotion of
EIT. Centrality demonstrates the importance of factor xi, among which the centrality of
O7, O1, T4, O4, and O6 ranks in the top five. Except for T4, all other factors belong to
the organizational dimension, reflecting that the main factor affecting the adoption and
promotion of EIT in PBPs are to consider whether the attributes of the organization itself
meet the conditions for EIT adoption and promotion [11,44,76]. Finally, the factors were
divided into cause and effect factors based on whether the causality was greater than 0,
including 6 cause factors (E4, E5, E2, E1, T3, O7) and 14 effect factors (O5, T8, T2, O6, O1, T1,
O2, T7, T6, E3, O3, T4, O4, T5). The factors of E4, E5, E2, and E1 appear in the cause group,
reflecting that these environmental factors are the more fundamental and driving factors
in EIT adoption and promotion. The complexity of EIT is considered to be a major barrier
to its adoption and promotion, and the more complex the EIT, the less likely it is to be
adopted [45]. The benefits of EIT are the motivation for organizations to adopt EIT [77]. In
addition, it is worth noting that O1, O6, and O7 have a high influencing degree, influenced
degree, and centrality at the same time, which can be interpreted as the organizations in
PBPs being mainly benefit-oriented. When the cost of adopting EIT is acceptable, and EIT
is beneficial, the top managers of the organization will support the adoption of EIT.

4.2. Result Analysis of ISM

ISM can be used to build a multi-level model to display the hierarchical relationship
between factors. Therefore, the construction of the ISM model was carried out on the
basis of the comprehensive influence matrix T obtained from DEMATEL. First, the overall
influence matrix E is obtained by adding the comprehensive influence matrix T to the
identity matrix I of the same order, which includes the influence of the factors themselves,
as shown in Table 7. Then, the threshold λ is calculated, and the reachability matrix K is
obtained according to Equations (9) and (10), as shown in Table 8. Here, the value of λ is
0.257. Next, the hierarchies of the factors were divided using Equations (11)–(13), and the
results are shown in Table 9 and Figure 3.

Table 7. The Overall Influence Matrix E.

T1 T2 T3 T4 T5 T6 T7 T8 O1 O2 O3 O4 O5 O6 O7 E1 E2 E3 E4 E5

T1 1.224 0.290 0.235 0.293 0.306 0.274 0.248 0.243 0.291 0.279 0.266 0.278 0.262 0.278 0.287 0.206 0.220 0.217 0.211 0.242
T2 0.292 1.233 0.240 0.299 0.296 0.279 0.253 0.248 0.296 0.284 0.286 0.299 0.267 0.283 0.293 0.196 0.225 0.221 0.230 0.247
T3 0.269 0.272 1.201 0.306 0.288 0.287 0.261 0.241 0.272 0.260 0.278 0.291 0.258 0.275 0.284 0.205 0.218 0.215 0.193 0.224
T4 0.266 0.269 0.230 1.239 0.285 0.268 0.258 0.254 0.284 0.273 0.260 0.287 0.241 0.272 0.266 0.202 0.231 0.213 0.206 0.222
T5 0.263 0.266 0.242 0.284 1.233 0.265 0.254 0.234 0.280 0.269 0.271 0.283 0.237 0.253 0.277 0.184 0.212 0.209 0.203 0.218
T6 0.261 0.265 0.227 0.282 0.279 1.216 0.254 0.249 0.279 0.253 0.270 0.282 0.237 0.252 0.276 0.199 0.212 0.209 0.203 0.218
T7 0.237 0.240 0.234 0.273 0.270 0.255 1.198 0.241 0.270 0.244 0.246 0.273 0.228 0.258 0.251 0.192 0.205 0.202 0.195 0.210
T8 0.246 0.249 0.243 0.283 0.280 0.249 0.255 1.202 0.280 0.269 0.271 0.283 0.237 0.253 0.261 0.199 0.228 0.210 0.203 0.233
O1 0.291 0.294 0.253 0.315 0.312 0.293 0.282 0.277 1.264 0.314 0.302 0.315 0.280 0.298 0.323 0.222 0.252 0.249 0.226 0.244
O2 0.276 0.279 0.239 0.298 0.310 0.263 0.252 0.247 0.310 1.236 0.286 0.298 0.266 0.283 0.307 0.210 0.224 0.221 0.214 0.230
O3 0.258 0.261 0.238 0.278 0.275 0.245 0.235 0.230 0.260 0.264 1.219 0.278 0.233 0.264 0.272 0.196 0.208 0.206 0.199 0.215
O4 0.266 0.269 0.230 0.287 0.284 0.268 0.243 0.238 0.284 0.273 0.275 1.240 0.241 0.272 0.281 0.218 0.215 0.213 0.206 0.221
O5 0.251 0.255 0.247 0.289 0.285 0.269 0.244 0.239 0.285 0.274 0.277 0.288 1.209 0.273 0.282 0.204 0.216 0.214 0.222 0.222
O6 0.279 0.282 0.242 0.301 0.298 0.281 0.271 0.266 0.298 0.286 0.289 0.302 0.253 1.238 0.309 0.228 0.226 0.223 0.216 0.233
O7 0.305 0.308 0.281 0.330 0.311 0.307 0.295 0.290 0.341 0.313 0.331 0.345 0.293 0.327 1.275 0.249 0.263 0.245 0.237 0.270
E1 0.226 0.229 0.210 0.246 0.243 0.229 0.235 0.231 0.243 0.233 0.251 0.261 0.234 0.232 0.240 1.152 0.195 0.209 0.188 0.201
E2 0.267 0.270 0.261 0.306 0.302 0.269 0.274 0.285 0.302 0.290 0.293 0.306 0.272 0.289 0.298 0.216 1.197 0.242 0.219 0.251
E3 0.199 0.201 0.184 0.216 0.213 0.201 0.193 0.189 0.213 0.204 0.206 0.215 0.207 0.204 0.210 0.147 0.157 1.138 0.165 0.177
E4 0.293 0.312 0.285 0.350 0.331 0.312 0.300 0.295 0.346 0.317 0.320 0.335 0.298 0.316 0.327 0.252 0.268 0.265 1.209 0.290
E5 0.312 0.316 0.289 0.339 0.335 0.316 0.303 0.298 0.335 0.321 0.324 0.354 0.317 0.320 0.331 0.255 0.270 0.267 0.275 1.231
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Table 8. The Reachability Matrix K.

T1 T2 T3 T4 T5 T6 T7 T8 O1 O2 O3 O4 O5 O6 O7 E1 E2 E3 E4 E5

T1 1 0 0 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0
T2 0 1 0 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0
T3 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0
T4 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
T5 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
T6 0 0 0 1 1 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0
T7 0 0 0 1 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0
T8 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0
O1 0 0 0 1 1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0
O2 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0
O3 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0
O4 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0
O5 0 0 0 1 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0
O6 0 0 0 1 1 0 1 0 1 0 1 1 0 1 0 0 0 0 0 0
O7 0 0 0 1 1 1 1 0 1 1 1 1 0 0 1 0 0 0 0 0
E1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
E2 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0
E3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
E4 0 0 1 0 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1
E5 0 0 1 0 0 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1

Table 9. Hierarchy of factors influencing EIT adoption and promotion.

Factors Reachable Set R (xi) Antecedent Set F (xi) Common Set Q (xi) Hierarchy

T1 T1, T2, T3, T4, T5, T6, O1, O2, O3, O4, O5,
O6, O7

T1, T2, T3, T4, T5, T6, O1, O2, O3, O4,
O6, O7, E2, E4, E5

T1, T2, T3, T4, T5, T6, O1, O2, O3, O4,
O6, O7 5

T2 T1, T2, T3, T4, T5, T6, O1, O2, O3, O4, O5,
O6, O7

T1,T2, T3, T4, T5,T6, O1, O2, O3, O4,
O6,O7, E2, E4, E5

T1, T2, T3, T4, T5, T6, O1, O2, O3, O4,
O6, O7 5

T3 T1, T2, T3, T8, O1, O2, O3, O4, O5, O6, O7 T3, O7, E2, E4, E5 T3,O7 5

T4 T1, T2, T4, T5, T6, T7, O2, O3, O4, O6, O7 T1, T2, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E4, E5 T1, T2, T4, T5, T6, T7, O2, O3, O4, O6, O7 1

T5 T1, T2, T4, T5, T6, O1, O2, O3, O4, O7 T1, T2, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E4, E5 T1, T2, T4, T5, T6, O1, O2, O3, O4, O7 1

T6 T1, T2, T4, T5, T6, O1, O3, O4, O7 T1, T2, T4, T5, T6, O1, O2, O3, O4, O5,
O6, O7, E2, E4, E5 T1, T2, T4, T5, T6, O1, O3, O4, O7 2

T7 T4, T5, T7, O1, O4, O6 T4, T7, O1, O6, O7, E2, E4, E5 O1, T4, O6, T7 2
T8 T4, T5, T8, O1, O2, O3, O4, O7 T3, T8, O1, O6, O7, E2, E4, E5 T8, O1, O7 4

O1 T1, T2, T4, T5, T6, T7, T8, O1, O2, O3, O4,
O5, O6, O7

T1, T2, T3, T4, T5, T6, T7, T8, O1, O2,
O3, O4, O5, O6, O7, E2, E4, E5

T1, T2, T4, T5, T6, T7, T8, O1, O2, O3, O4,
O5, O6, O7 1

O2 T1, T2, T4, T5, T6, O1, O2, O3, O4, O5,
O6, O7

T1, T2, T3, T4, T5, T8, O1, O2, O3, O4,
O5, O6, O7, E2, E4, E5 T1, T2, T4, T5, O1, O2, O3, O4, O5, O6, O7 3

O3 T1, T2, T4, T5, T6, O1, O2, O3, O4, O6, O7 T1, T2, T3, T4, T5, T8, O1, O2, O3, O4,
O5, O6, O7, E2, E4, E5 T1, T2, T4, T5, O1, O2, O3, O4, O6, O7 2

O4 T1, T2, T4, T5, T6, O1, O2, O3, O4, O6, O7 T1, T2, T3, T4, T5, T6, T7, T8, O1, O2,
O3, O4, O5, O6, O7, E1, E2, E4, E5 T1, T2, T4, T5, T6, O1, O2, O3, O4, O6, O7 1

O5 T4, T5, T6, O1, O2, O3, O4, O5, O6, O7 T1, T2, T3, O1, O2, O5, O7, E2, E4, E5 O1, O2, O5, O7 4

O6 T1, T2, T4, T5, T6, T7, O1, O2, O3, O4, O6,
O7

T1, T2, T3, T4, T7, O1, O2, O3, O4, O5,
O6, O7, E2, E4, E5 T1, T2, T4, T7, O1, O2, O3, O4, O6, O7 3

O7 T1, T2, T3, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E5

T1, T2, T3, T4, T5, T6, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E4, E5

T1, T2, T3, T4, T5, T6, T8, O1, O2, O3, O4,
O5, O6, O7, E2, E5 3

E1 O4, E1 E1 E1 2

E2 T1, T2, T3, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2 O7, E2, E4, E5 E2, O7 5

E3 E3 E3, E4, E5 E3 1

E4 T1, T2, T3, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E3, E4, E5 E4, E5 E4, E5 6

E5 T1, T2, T3, T4, T5, T6, T7, T8, O1, O2, O3,
O4, O5, O6, O7, E2, E3, E4, E5 O7, E4, E5 E4, E5, O7 6

As can be seen from Table 9 and Figure 3, the ISM is used to divide the 20 factors into
5 levels, with the first level being the direct factors, the 2–4 level being the middle factors
and the fifth level being the fundamental factors. Generally speaking, the factors located
in the lower level play a more critical role in the overall system because it affects other
factors in the upper level. For example, E4 and E5 are located at the bottom and belong
to the fundamental factors. This is understandable; for one thing, the national policies
and regulations of EIT will have a mandatory effect on the adoption and promotion of
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EIT [78]. For another, the existence of a need for EIT in PBPs is the premise of EIT adoption.
Therefore, both of these factors can fundamentally drive the adoption and promotion
of EIT. However, due to the fact that the use of EIT in PBPs is still in the early stage of
development, the policies and regulations related to EIT are still incomplete, and the effect
on the adoption and promotion of EIT is not significant [79]. T4, T5, O1, O4, and E3 are
located at the top level and belong to direct factors. The maturity and standardization level
of EIT represent the advanced nature of EIT, and organizations in PBPs are more inclined
to choose mature and standardized EIT. In addition, top managers’ attitudes toward EIT is
the most direct factor in the adoption and promotion of EIT. It is susceptible to the costs
and benefits of EIT [77]. It should also be noted that top managers need to consider factors
such as the structure of the organization, the expertise and talents in the organization,
and change-resistant attitudes when adopting EIT [19]. Finally, the factors in levels 2 to
4 are between the direct influence level and the fundamental influence level, and there
are more links between these factors. The fundamental factors can influence the direct
factors through these mediating factors. For example, E5 can weaken O5 by influencing
T2 to encourage O3 and O4 in the organization, which will increase the acceptance and
promotion of EIT in PBPs.

Figure 3. Hierarchical structure model.

5. Discussion and Recommendations
5.1. Discussion

The hybrid evaluation model developed in this work combines a literature review for
identifying influential variables, a DEMATEL method for analyzing each factor’s attributes,
and an ISM approach for building a relationship path between the factors. This hybrid
evaluation model successfully figures out the problem of sluggish development of EIT in
PBPs from a systematic level.

In the first stage, we summarize the factors influencing the adoption and promotion
of EIT in PBPs from technological, organizational, and environmental dimensions. The
technical dimension mainly focuses on factors such as whether the attributes and functions
of the EIT itself can support or replace traditional solutions to improve the efficiency
of problem solving, and whether the EIT can be successfully implemented during the
adoption process. The organizational dimension emphasizes that when enterprises in
PBPs adopt EIT, they need to consider factors such as the structure and resources of the
enterprise, as well as whether managers and employees can support the introduction
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and adoption of EIT. The environmental dimension analyzes the supply and demand
relationship of EIT in the construction industry, the behavior of the government, and
related enterprises such as customers, competitors, and partners from the perspective of the
macro industry environment. In summary, this study establishes a theoretical framework
to list the factors that need to be considered in the adoption and promotion of EIT in PBPs
in a more comprehensive and systematic structure.

Based on the influencing factors collected in the first stage, DEMATEL provides an
effective tool to evaluate the attributes of influencing factors, including influencing degree,
influenced degree, centrality, and causality. From the three dimensions of TOE, most of the
factors in the technology dimension do not have a significant impact on EIT adoption and
promotion. It reflects that organizations in PBPs still lack awareness and understanding of
the functions and performance of EIT, resulting in a low demand for EIT [44,80]. The factors
of the organization dimension have a high influenced degree, and these factors can directly
affect whether PBPs adopt EIT. For example, the organization is the adopter and promoter
of EIT, and the supportive attitude of top managers in organizations can directly affect the
adoption of EIT. In addition, if the organization has EIT training programs and masters
of EIT-related professional knowledge, it will increase the understanding of EIT, thereby
enhancing its use and promotion [51,78]. Relatively speaking, the influencing degree of the
environmental dimension factor is more significant, which demonstrates that it is necessary
to create a positive industrial environment for the adoption and promotion of EIT [81].

Finally, ISM is used to build a multi-level model and analyze the path relationship
between critical factors. For instance, O3 is affected by nine factors. Organizations tend to
integrate multiple technologies together when using EIT. The interoperability between EIT
and the complexity of their implementation drive organizations to train to help workers
quickly acquire EIT expertise. The change-resistant attitudes in PBPs and the feasibility
of EIT costs negatively influence whether organizations will have training programs for
EIT. TI, T2, T3, and O7 can affect most factors. The ability of EIT to integrate and match
workflows in PBPs and the complexity of implementation reflect technical feasibility, while
EIT benefits reflect economic rationality. These influencing factors can affect all factors of
the organizational dimension, which are the main references in the process of stakeholders
adopting and promoting EIT.

5.2. Recommendations for Future Research

By analyzing the influencing factors, this study found the deficiencies in the existing
work and proposed directions that can be focused on for future research. It is mainly
explained from three levels, namely industry, project, and organizational levels.

For the construction industry, the government should play a leading role in the
adoption and promotion of EIT. It is necessary to supervise and regulate the adoption
and promotion of EIT in the construction industry, especially among SMEs, to expand the
scope of EIT promotion. In addition, the government should coordinate stakeholders in the
construction industry to develop and improve policies and regulations for EIT adoption
and promotion, and promote it at the macro level [11,82].

For prefabricated building projects, the project from planning to operation involves
collaboration, information exchange, and sharing among multiple professional stakeholders.
The attitudes of multiple professional stakeholders towards cooperation can affect whether
EIT can be successfully implemented in PBPs [83,84]. In addition, EIT facilitates information
exchange and the degree of information sharing among stakeholders, which can affect the
effectiveness of EIT in PBPs. Therefore, improving the cooperative attitudes and the degree
of information sharing among stakeholders facilitates the smooth adoption EIT in PBPs.

For organizations in PBPs, it is necessary to respond to the government’s encour-
agement, understand the advantages and performance of EIT applications in PBPs, and
actively accept EIT [44,85]. At the same time, to ensure a competitive advantage, organiza-
tions should actively participate in the innovation and integration of EIT to adapt to the
continuous development of the industry [86].
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6. Conclusions

The advantage of EIT lies in the use of intelligent, digital, and automated means to
solve problems such as difficulties in information sharing, stakeholder coordination, and
construction process management. However, since the development of EIT in PBPs is still
in the infancy stage, there are many complex challenges in the adoption and promotion of
EIT, and its application in the construction industry is still limited. Therefore, this study
aims to analyze the influencing factors and their attributes to understand the influencing
paths of EIT adoption and promotion, thereby promoting the development of EIT. First,
this study identified 20 influencing factors of EIT adoption and promotion in PBPs through
the literature review method, which were divided into three dimensions: technology,
organization, and environment. Then, the relationships between the influencing factors
and their extent were evaluated through interviews with experts who have extensive
experience in EIT application. Finally, the DEMATEL-ISM method is used to analyze the
main influencing factors and attributes of EIT adoption and promotion, which is beneficial
to increase the awareness of EIT among researchers and industry practitioners and promote
the development of EIT. The main findings of this study are as follows:

1. Through the DEMATEL analysis, 20 influencing factors were divided into 6 cause
factors and 14 effect factors. The evaluation results show that most of the cause factors
belong to the environmental dimension, indicating that environmental factors have
a significant influencing degree and can drive the adoption and promotion of EIT
in BPBs. Although O1, O6, and O7 belong to the effect factors, they have a high
influencing degree, influenced degree, and centrality at the same time, reflecting that
the enterprises in PBPs are profit-oriented, and their decision-making power is in the
hands of top managers;

2. The ISM was used to develop the multilevel hierarchical model of 20 influencing
factors, including direct factors (Level 1), middle factors (Level 2–4), and fundamental
factors (Level 5), and to provide influence paths that promote EIT adoption and
promotion. With the information provided by the model, researchers and industry
practitioners can make targeted solutions to promote EIT in PBPs in actual projects.

Furthermore, this study provides theoretical contributions and practical insights for
research related to EIT adoption and promotion in PBPs. The theoretical contribution is
to identify 20 influencing factors and in-depth associations of these factors. The main
influencing factors and their attributes are also analyzed to provide a theoretical basis
for researchers and industry practitioners to promote the adoption and promotion of EIT
in PBPs. Meanwhile, this study can enhance cooperative attitudes and the degree of
information-sharing among stakeholders in PBPs. It can also improve the government
and stakeholders in PBPs to understand and pay attention to EIT, which will help EIT to
be implemented more successfully. Therefore, this study can promote the adoption and
promotion of EIT in PBPs from both theoretical and practical aspects and narrow the gap
between theory and practical application.

However, there are still some limitations in this study, which need to be improved
in future research. Due to differences in scale, organizational structure, and resources,
large enterprises and SMEs have distinctions in the influencing factors and degrees of EIT
adoption and promotion. However, this study does not make a distinction, which can be a
direction for subsequent research. Next, since the application of EIT in PBPs is still in the
infancy stage, the number of experts with rich EIT expertise is small. Therefore, the sources
of data collection are relatively narrow, and the research methods are highly subjective,
which means the scope of data sources and the objectivity of data can be expanded in
the future.

Author Contributions: Conceptualization, H.L., L.L., P.J. and J.Z.; data curation, L.L.; formal analysis,
H.L.; funding ac-quisition, L.L.; investigation, H.L. and J.Z.; methodology, H.L. and P.J.; validation,
L.L., P.J. and J.Z.; writing—original draft, H.L.; writing—review and editing, L.L., P.J. and J.Z. All
authors have read and agreed to the published version of the manuscript.



Buildings 2022, 12, 1577 15 of 18

Funding: This research was funded by the Natural Science Foundation of Shandong Province, grant
number ZR2021QG046.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during the study are available from the
corresponding author by request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Innella, F.; Arashpour, M.; Bai, Y. Lean Methodologies and Techniques for Modular Construction: Chronological and Critical

Review. J. Constr. Eng. Manag. 2019, 145, 04019076. [CrossRef]
2. Li, L.; Li, Z.; Li, X.; Zhang, S.; Luo, X. A New Framework of Industrialized Construction in China: Towards on-Site Industrializa-

tion. J. Clean. Prod. 2020, 244, 118469. [CrossRef]
3. Wu, Z.; Luo, L.; Li, H.; Wang, Y.; Bi, G.; Antwi-Afari, M.F. An Analysis on Promoting Prefabrication Implementation in

Construction Industry towards Sustainability. Int. J. Environ. Res. Public Health 2021, 18, 11493. [CrossRef] [PubMed]
4. Jin, R.; Gao, S.; Cheshmehzangi, A.; Aboagye-Nimo, E. A Holistic Review of Off-Site Construction Literature Published between

2008 and 2018. J. Clean. Prod. 2018, 202, 1202–1219. [CrossRef]
5. Yu, T.; Man, Q.; Wang, Y.; Shen, G.Q.; Hong, J.; Zhang, J.; Zhong, J. Evaluating Different Stakeholder Impacts on the Occurrence of

Quality Defects in Offsite Construction Projects: A Bayesian-Network-Based Model. J. Clean. Prod. 2019, 241, 118390. [CrossRef]
6. Zhang, S.; Li, Z.; Li, T.; Yuan, M. A Holistic Literature Review of Building Information Modeling for Prefabricated Construction.

J. Civ. Eng. Manag. 2021, 27, 485–499. [CrossRef]
7. Teng, Y.; Mao, C.; Liu, G.; Wang, X. Analysis of Stakeholder Relationships in the Industry Chain of Industrialized Building in

China. J. Clean. Prod. 2017, 152, 387–398. [CrossRef]
8. Wang, Z.; Wang, T.; Hu, H.; Gong, J.; Ren, X.; Xiao, Q. Blockchain-Based Framework for Improving Supply Chain Traceability and

Information Sharing in Precast Construction. Autom. Constr. 2020, 111, 103063. [CrossRef]
9. Qin, X.; Shi, Y.; Lyu, K.; Mo, Y. Using a Tam-Toe Model to Explore Factors of Building Information Modelling (Bim) Adoption in

the Construction Industry. J. Civ. Eng. Manag. 2020, 26, 259–277. [CrossRef]
10. Ben Mahmoud, B.; Lehoux, N.; Blanchet, P.; Cloutier, C. Barriers, Strategies, and Best Practices for BIM Adoption in Quebec

Prefabrication Small and Medium-Sized Enterprises (SMEs). Buildings 2022, 12, 390. [CrossRef]
11. Chen, Y.; Yin, Y.; Browne, G.J.; Li, D. Adoption of Building Information Modeling in Chinese Construction Industry: The

Technology-Organization-Environment Framework. Eng. Constr. Archit. Manag. 2019, 26, 1878–1898. [CrossRef]
12. Qi, B.; Razkenari, M.; Li, J.; Costin, A.; Kibert, C.; Qian, S. Investigating U.S. Industry Practitioners’ Perspectives towards the

Adoption of Emerging Technologies in Industrialized Construction. Buildings 2020, 10, 85. [CrossRef]
13. Kamali, M.; Hewage, K. Life Cycle Performance of Modular Buildings: A Critical Review. Renew. Sustain. Energy Rev. 2016,

62, 1171–1183. [CrossRef]
14. Goodier, C.; Gibb, A. Future Opportunities for Offsite in the UK. Constr. Manag. Econ. 2007, 25, 585–595. [CrossRef]
15. Liu, D.; Li, X.; Chen, J.; Jin, R. Real-Time Optimization of Precast Concrete Component Transportation and Storage. Adv. Civ. Eng.

2020, 2020, 5714910. [CrossRef]
16. Zhong, R.Y.; Peng, Y.; Xue, F.; Fang, J.; Zou, W.; Luo, H.; Thomas Ng, S.; Lu, W.; Shen, G.Q.P.; Huang, G.Q. Prefabricated

Construction Enabled by the Internet-of-Things. Autom. Constr. 2017, 76, 59–70. [CrossRef]
17. Zhai, Y.; Chen, K.; Zhou, J.X.; Cao, J.; Lyu, Z.; Jin, X.; Shen, G.Q.P.; Lu, W.; Huang, G.Q. An Internet of Things-Enabled BIM

Platform for Modular Integrated Construction: A Case Study in Hong Kong. Adv. Eng. Inform. 2019, 42, 100997. [CrossRef]
18. Cao, D.; Wang, G.; Li, H.; Skitmore, M.; Huang, T.; Zhang, W. Practices and Effectiveness of Building Information Modelling in

Construction Projects in China. Autom. Constr. 2015, 49, 113–122. [CrossRef]
19. Phang, T.C.H.; Chen, C.; Tiong, R.L.K. New Model for Identifying Critical Success Factors Influencing BIM Adoption from Precast

Concrete Manufacturers’ View. J. Constr. Eng. Manag. 2020, 146, 04020014. [CrossRef]
20. Li, C.Z.; Hong, J.; Xue, F.; Shen, G.Q.; Xu, X.; Luo, L. SWOT Analysis and Internet of Things-Enabled Platform for Prefabrication

Housing Production in Hong Kong. Habitat Int. 2016, 57, 74–87. [CrossRef]
21. Luo, L.; Jin, X.; Shen, G.Q.; Wang, Y.; Liang, X.; Li, X.; Li, C.Z. Supply Chain Management for Prefabricated Building Projects in

Hong Kong. J. Manag. Eng. 2020, 36, 05020001. [CrossRef]
22. Ding, W.; Jing, X.; Yan, Z.; Yang, L.T. A Survey on Data Fusion in Internet of Things: Towards Secure and Privacy-Preserving

Fusion. Inf. Fusion 2019, 51, 129–144. [CrossRef]
23. Tao, X.; Mao, C.; Xie, F.; Liu, G.; Xu, P.P. Greenhouse Gas Emission Monitoring System for Manufacturing Prefabricated

Components. Autom. Constr. 2018, 93, 361–374. [CrossRef]
24. Li, C.Z.; Xue, F.; Li, X.; Hong, J.; Shen, G.Q. An Internet of Things-Enabled BIM Platform for on-Site Assembly Services in

Prefabricated Construction. Autom. Constr. 2018, 89, 146–161. [CrossRef]

http://doi.org/10.1061/(ASCE)CO.1943-7862.0001712
http://doi.org/10.1016/j.jclepro.2019.118469
http://doi.org/10.3390/ijerph182111493
http://www.ncbi.nlm.nih.gov/pubmed/34770008
http://doi.org/10.1016/j.jclepro.2018.08.195
http://doi.org/10.1016/j.jclepro.2019.118390
http://doi.org/10.3846/jcem.2021.15600
http://doi.org/10.1016/j.jclepro.2017.03.094
http://doi.org/10.1016/j.autcon.2019.103063
http://doi.org/10.3846/jcem.2020.12176
http://doi.org/10.3390/buildings12040390
http://doi.org/10.1108/ECAM-11-2017-0246
http://doi.org/10.3390/buildings10050085
http://doi.org/10.1016/j.rser.2016.05.031
http://doi.org/10.1080/01446190601071821
http://doi.org/10.1155/2020/5714910
http://doi.org/10.1016/j.autcon.2017.01.006
http://doi.org/10.1016/j.aei.2019.100997
http://doi.org/10.1016/j.autcon.2014.10.014
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001773
http://doi.org/10.1016/j.habitatint.2016.07.002
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000739
http://doi.org/10.1016/j.inffus.2018.12.001
http://doi.org/10.1016/j.autcon.2018.05.015
http://doi.org/10.1016/j.autcon.2018.01.001


Buildings 2022, 12, 1577 16 of 18

25. Zheng, S.; Si, H.; Zhang, L. The Empirical Research of BIM Technology Adoption Intention Based on UTAUT. Sci. Technol. Manag.
Res. 2018, 36, 323–326. [CrossRef]

26. Le, Y.; Zheng, S.; Li, Y.; Lu, Y.; Bai, J. Study on the Value Flows and Driver Paths of BIM Technology Application Based on SVN. J.
Ind. Eng. Manag. 2018, 32, 71–78. [CrossRef]

27. Azhar, S.; Hein, M.; Sketo, B. Building Information Modeling (BIM): Benefits, Risks and Challenges Related Papers. In Proceedings
of the 44th Annual Conference, Auburn, AL, USA, 2–5 April 2008.

28. Oesterreich, T.D.; Teuteberg, F. Understanding the Implications of Digitisation and Automation in the Context of Industry 4.0:
A Triangulation Approach and Elements of a Research Agenda for the Construction Industry. Comput. Ind. 2016, 83, 121–139.
[CrossRef]

29. Li, C.Z.; Hu, M.; Xiao, B.; Chen, Z.; Tam, V.W.Y.; Zhao, Y. Mapping the Knowledge Domains of Emerging Advanced Technologies
in the Management of Prefabricated Construction. Sustainability 2021, 13, 8800. [CrossRef]

30. Oztemel, E.; Gursev, S. Literature Review of Industry 4.0 and Related Technologies. J. Intell. Manuf. 2020, 31, 127–182. [CrossRef]
31. Qi, B.; Razkenari, M.; Costin, A.; Kibert, C.; Fu, M. A Systematic Review of Emerging Technologies in Industrialized Construction.

J. Build. Eng. 2021, 39, 102265. [CrossRef]
32. Zhang, C.; Hu, M.; Dong, L.; Xiang, P.; Zhang, Q.; Wu, J.; Li, B.; Shi, S. Co-Benefits of Urban Concrete Recycling on the Mitigation

of Greenhouse Gas Emissions and Land Use Change: A Case in Chongqing Metropolis, China. J. Clean. Prod. 2018, 201, 481–498.
[CrossRef]

33. Qi, B.; Qian, S.; Costin, A. A Predictive Analysis on Emerging Technology Utilization in Industrialized Construction in the United
States and China. Algorithms 2020, 13, 180. [CrossRef]

34. Lu, Y. Industry 4.0: A Survey on Technologies, Applications and Open Research Issues. J. Ind. Inf. Integr. 2017, 6, 1–10. [CrossRef]
35. Xu, L.D.; Xu, E.L.; Li, L. Industry 4.0: State of the Art and Future Trends. Int. J. Prod. Res. 2018, 56, 2941–2962. [CrossRef]
36. Pan, Y.; Zhang, L. Roles of Artificial Intelligence in Construction Engineering and Management: A Critical Review and Future

Trends. Autom. Constr. 2021, 122, 103517. [CrossRef]
37. Zhu, K.; Kraemer, K.L.; Xu, S.; Dedrick, J. Information Technology Payoff in E-Business Environments: An International

Perspective on Value Creation of E-Business in the Financial Services Industry. J. Manag. Inf. Syst. 2004, 21, 17–54. [CrossRef]
38. Malik, S.; Chadhar, M.; Chetty, M. Factors Affecting the Organizational Adoption of Blockchain Technology: An Australian

Perspective. In Proceedings of the 54th Hawaii International Conference on System Sciences, Maui, HI, USA, 5 January 2021;
pp. 5597–5606. [CrossRef]

39. Zhao, Y.; Sun, Y.; Zhou, Q. How A/E/C Professionals Accept BIM Technologies in China: A Technology Acceptance Model
Perspective. Eng. Constr. Archit. Manag. 2022. ahead-of-print. [CrossRef]

40. Lutfi, A.; Alsyouf, A.; Almaiah, M.A.; Alrawad, M.; Abdo, A.A.K.; Al-Khasawneh, A.L.; Ibrahim, N.; Saad, M. Factors Influencing
the Adoption of Big Data Analytics in the Digital Transformation Era: Case Study of Jordanian SMEs. Sustainability 2022, 14, 1802.
[CrossRef]

41. Teo, T.S.H.; Devadoss, P.; Pan, S.L. Towards a Holistic Perspective of Customer Relationship Management (CRM) Implementation:
A Case Study of the Housing and Development Board, Singapore. Decis. Support Syst. 2006, 42, 1613–1627. [CrossRef]

42. Ma, G.; Jiang, S.; Jia, J. Investigating the Adoption of Social Media in the Construction Industry: Empirical Evidence from Project
Teams in China. Eng. Constr. Archit. Manag. 2021. ahead-of-print. [CrossRef]

43. Pan, M.; Pan, W. Determinants of Adoption of Robotics in Precast Concrete Production for Buildings. J. Manag. Eng. 2019,
35, 05019007. [CrossRef]

44. Ahuja, R.; Sawhney, A.; Jain, M.; Arif, M.; Rakshit, S. Factors Influencing BIM Adoption in Emerging Markets—The Case of India.
Int. J. Constr. Manag. 2020, 20, 65–76. [CrossRef]

45. Won, J.; Lee, G.; Dossick, C.; Messner, J. Where to Focus for Successful Adoption of Building Information Modeling within
Organization. J. Constr. Eng. Manag. 2013, 139, 04013014. [CrossRef]

46. Qin, X.; Mancini, M.; Travaglini, A.; Lv, K.; Wang, M. A Comparative Study on Barriers between China and Italy in BIM Adoption
from the Construction Market Perspective. Chin. J. Manag. 2016, 13, 1718–1727. [CrossRef]

47. Arayici, Y.; Coates, P.; Koskela, L.; Kagioglou, M.; Usher, C.; O’Reilly, K. Technology Adoption in the BIM Implementation for
Lean Architectural Practice. Autom. Constr. 2011, 20, 189–195. [CrossRef]

48. Poulis, E.; Poulis, K.; Dooley, L. “Information Communication Technology” Innovation in a Non-High Technology Sector:
Achieving Competitive Advantage in the Shipping Industry. Serv. Ind. J. 2013, 33, 594–608. [CrossRef]

49. Gu, N.; London, K. Understanding and Facilitating BIM Adoption in the AEC Industry. Autom. Constr. 2010, 19, 988–999.
[CrossRef]

50. Grandon, E.E.; Pearson, J.M. Electronic Commerce Adoption: An Empirical Study of Small and Medium US Businesses. Inf.
Manag. 2004, 42, 197–216. [CrossRef]

51. Ahuja, R.; Jain, M.; Sawhney, A.; Arif, M. Adoption of BIM by Architectural Firms in India: Technology–Organization–
Environment Perspective. Archit. Eng. Des. Manag. 2016, 12, 311–330. [CrossRef]

52. Ramaji, I.J.; Memari, A.M.; Messner, J.I. Product-Oriented Information Delivery Framework for Multistory Modular Building
Projects. J. Comput. Civ. Eng. 2017, 31, 04017001. [CrossRef]

53. Pradhananga, P.; ElZomor, M.; Santi Kasabdji, G. Identifying the Challenges to Adopting Robotics in the US Construction Industry.
J. Constr. Eng. Manag. 2021, 147, 05021003. [CrossRef]

http://doi.org/10.3969/j.issn.1000-7695.2016.19.040
http://doi.org/10.13587/j.cnki.jieem.2018.01.009
http://doi.org/10.1016/j.compind.2016.09.006
http://doi.org/10.3390/su13168800
http://doi.org/10.1007/s10845-018-1433-8
http://doi.org/10.1016/j.jobe.2021.102265
http://doi.org/10.1016/j.jclepro.2018.07.238
http://doi.org/10.3390/a13080180
http://doi.org/10.1016/j.jii.2017.04.005
http://doi.org/10.1080/00207543.2018.1444806
http://doi.org/10.1016/j.autcon.2020.103517
http://doi.org/10.1080/07421222.2004.11045797
http://doi.org/10.24251/hicss.2021.680
http://doi.org/10.1108/ECAM-04-2022-0308
http://doi.org/10.3390/su14031802
http://doi.org/10.1016/j.dss.2006.01.007
http://doi.org/10.1108/ECAM-05-2021-0456
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000706
http://doi.org/10.1080/15623599.2018.1462445
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000731
http://doi.org/10.3969/j.issn.1672-884x.2016.11.017
http://doi.org/10.1016/j.autcon.2010.09.016
http://doi.org/10.1080/02642069.2011.623776
http://doi.org/10.1016/j.autcon.2010.09.002
http://doi.org/10.1016/j.im.2003.12.010
http://doi.org/10.1080/17452007.2016.1186589
http://doi.org/10.1061/(ASCE)CP.1943-5487.0000649
http://doi.org/10.1061/(ASCE)CO.1943-7862.0002007


Buildings 2022, 12, 1577 17 of 18

54. Lee, S.; Yu, J.; Jeong, D. BIM Acceptance Model in Construction Organizations. J. Manag. Eng. 2015, 31, 04014048. [CrossRef]
55. Hosseini, M.R.; Azari, E.; Tivendale, L.; Chileshe, N. Barriers to Adoption of Building Information Modeling (BIM) in Iran:

Preliminary Results. In Proceedings of the 6th International Conference on Engineering, Project, and Production Management
(EPPM2015), Gold Coast, Australia, 2–4 September 2015; pp. 384–394. [CrossRef]

56. Costin, A.; Eastman, C. Need for Interoperability to Enable Seamless Information Exchanges in Smart and Sustainable Urban
Systems. J. Comput. Civ. Eng. 2019, 33, 04019008. [CrossRef]

57. Solihin, W.; Eastman, C. Classification of Rules for Automated BIM Rule Checking Development. Autom. Constr. 2015, 53, 69–82.
[CrossRef]

58. Tsai, M.H.; Mom, M.; Hsieh, S.H. Developing Critical Success Factors for the Assessment of BIM Technology Adoption: Part I.
Methodology and Survey. J. Chin. Inst. Eng. Trans. Chin. Inst. Eng. A 2014, 37, 845–858. [CrossRef]

59. Amuda-Yusuf, G. Critical Success Factors for Building Information Modelling Implementation. Constr. Econ. Build. 2018, 18,
55–73. [CrossRef]

60. Liao, L.; Teo, E.A.L. Critical Success Factors for Enhancing the Building Information Modelling Implementation in Building
Projects in Singapore. J. Civ. Eng. Manag. 2017, 23, 1029–1044. [CrossRef]

61. Davila Delgado, J.M.; Oyedele, L.; Ajayi, A.; Akanbi, L.; Akinade, O.; Bilal, M.; Owolabi, H. Robotics and Automated Systems in
Construction: Understanding Industry-Specific Challenges for Adoption. J. Build. Eng. 2019, 26, 100868. [CrossRef]

62. Stanley, R.; Thurnell, D. The Benefits of, and Barriers to, Implementation of 5D BIM for Quantity Surveying in New Zealand.
Australas. J. Constr. Econ. Build. 2014, 14, 105–117. [CrossRef]

63. Minichiello, V.; Aroni, R.; Hays, T. In-Depth Interviewing: Principles, Techniques, Analysis; Pearson Education Australia: Frenchs
Forest, Australia, 2008; Available online: https://hdl.handle.net/1959.11/2448 (accessed on 1 September 2022).

64. Young, J.C.; Rose, D.C.; Mumby, H.S.; Benitez-Capistros, F.; Derrick, C.J.; Finch, T.; Garcia, C.; Home, C.; Marwaha, E.; Morgans,
C.; et al. A Methodological Guide to Using and Reporting on Interviews in Conservation Science Research. Methods Ecol. Evol.
2018, 9, 10–19. [CrossRef]

65. Bosch, A.; Volker, L.; Koutamanis, A. BIM in the Operations Stage: Bottlenecks and Implications for Owners. Built Environ. Proj.
Asset Manag. 2015, 5, 331–343. [CrossRef]

66. Yazdi, M.; Khan, F.; Abbassi, R.; Rusli, R. Improved DEMATEL Methodology for Effective Safety Management Decision-Making.
Saf. Sci. 2020, 127, 104705. [CrossRef]

67. Keskin, G.A. Using Integrated Fuzzy DEMATEL and Fuzzy C: Means Algorithm for Supplier Evaluation and Selection. Int. J.
Prod. Res. 2015, 53, 3586–3602. [CrossRef]

68. Lin, R.J. Using Fuzzy DEMATEL to Evaluate the Green Supply Chain Management Practices. J. Clean. Prod. 2013, 40, 32–39.
[CrossRef]

69. Yadegaridehkordi, E.; Hourmand, M.; Nilashi, M.; Alsolami, E.; Samad, S.; Mahmoud, M.; Alarood, A.A.; Zainol, A.; Majeed,
H.D.; Shuib, L. Assessment of Sustainability Indicators for Green Building Manufacturing Using Fuzzy Multi-Criteria Decision
Making Approach. J. Clean. Prod. 2020, 277, 122905. [CrossRef]

70. Wang, W.; Zhu, Z.; Mi, H.; Wang, J.; Liu, Y.; Jiang, X. Pursuit and Determination of the Influential Factors of the Urban
Underground Integrated Pipe Gallery Fire Accidents Based on the DEMATEL-ISM. J. Saf. Environ. 2020, 20, 793–800. [CrossRef]

71. Tzeng, G.H.; Chiang, C.H.; Li, C.W. Evaluating Intertwined Effects in E-Learning Programs: A Novel Hybrid MCDM Model
Based on Factor Analysis and DEMATEL. Expert Syst. Appl. 2007, 32, 1028–1044. [CrossRef]

72. Hsu, C.Y.; Chen, K.T.; Tzeng, G.H. FMCDM with Fuzzy DEMATEL Approach for Customers’ Choice Behavior Model. Int. J.
Fuzzy Syst. 2007, 9, 236–246.

73. Rezahoseini, A.; Ahmadi, E.; Saremi, P.; BagherPour, M. Implementation of Building Information Modeling (BIM) Using Hybrid
Z-DEMATEL-ISM Approach. Adv. Civ. Eng. 2021, 2021, 6686761. [CrossRef]

74. Li, G.; Yan, Y.; Liu, W.; Chen, Y.; Wu, Z. Research on Formation Factors of Miners’ Unsafe Emotions Based on DEMATEL-ISM.
China Saf. Sci. J. 2021, 31, 30–37. [CrossRef]

75. Sharma, M.; Joshi, S.; Kannan, D.; Govindan, K.; Singh, R.; Purohit, H.C. Internet of Things (IoT) Adoption Barriers of Smart
Cities’ Waste Management: An Indian Context. J. Clean. Prod. 2020, 270, 122047. [CrossRef]

76. Gangwar, H.; Date, H.; Ramaswamy, R. Understanding Determinants of Cloud Computing Adoption Using an Integrated
TAM-TOE Model. J. Enterp. Inf. Manag. 2015, 28, 107–130. [CrossRef]

77. Brewer, G.; Gajendran, T. Attitudes, Behaviours and the Transmission of Cultural Traits: Impacts on ICT/BIM Use in a Project
Team. Constr. Innov. 2012, 12, 198–215. [CrossRef]

78. Cao, D.; Li, H.; Wang, G. Impacts of Isomorphic Pressures on BIM Adoption in Construction Projects. J. Constr. Eng. Manag. 2014,
140, 04014056. [CrossRef]

79. Ding, Z.; Zuo, J.; Wu, J.; Wang, J.Y. Key Factors for the BIM Adoption by Architects: A China Study. Eng. Constr. Archit. Manag.
2015, 22, 732–748. [CrossRef]

80. Ku, K.; Taiebat, M. BIM Experiences and Expectations: The Constructors’ Perspective. Int. J. Constr. Educ. Res. 2011, 7, 175–197.
[CrossRef]

81. Tsai, M.H.; Kang, S.C.; Hsieh, S.H. Lessons Learnt from Customization of a BIM Tool for a Design-Build Company. J. Chin. Inst.
Eng. Trans. Chin. Inst. Eng. A 2014, 37, 189–199. [CrossRef]

http://doi.org/10.1061/(ASCE)ME.1943-5479.0000252
http://doi.org/10.32738/ceppm.201509.0038
http://doi.org/10.1061/(ASCE)CP.1943-5487.0000824
http://doi.org/10.1016/j.autcon.2015.03.003
http://doi.org/10.1080/02533839.2014.888811
http://doi.org/10.5130/AJCEB.v18i3.6000
http://doi.org/10.3846/13923730.2017.1374300
http://doi.org/10.1016/j.jobe.2019.100868
http://doi.org/10.5130/AJCEB.v14i1.3786
https://hdl.handle.net/1959.11/2448
http://doi.org/10.1111/2041-210X.12828
http://doi.org/10.1108/BEPAM-03-2014-0017
http://doi.org/10.1016/j.ssci.2020.104705
http://doi.org/10.1080/00207543.2014.980461
http://doi.org/10.1016/j.jclepro.2011.06.010
http://doi.org/10.1016/j.jclepro.2020.122905
http://doi.org/10.13637/j.issn.10096094.2019.0092
http://doi.org/10.1016/j.eswa.2006.02.004
http://doi.org/10.1155/2021/6686761
http://doi.org/10.16265/j.cnki.issn1003-3033.2021.07.005
http://doi.org/10.1016/j.jclepro.2020.122047
http://doi.org/10.1108/JEIM-08-2013-0065
http://doi.org/10.1108/14714171211215949
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000903
http://doi.org/10.1108/ECAM-04-2015-0053
http://doi.org/10.1080/15578771.2010.544155
http://doi.org/10.1080/02533839.2013.781791


Buildings 2022, 12, 1577 18 of 18

82. Cao, J.; Chen, C. Analysis of the Strategy of Government’s BIM under the International Comparative Perspective. In Proceedings
of the 2017 3rd International Forum on Energy, Environment Science and Materials (IFEESM 2017), Shenzhen, China, 25–26
November 2017. [CrossRef]

83. Mahalingam, A.; Yadav, A.K.; Varaprasad, J. Investigating the Role of Lean Practices in Enabling BIM Adoption: Evidence from
Two Indian Cases. J. Constr. Eng. Manag. 2015, 141, 05015006. [CrossRef]

84. Jin, R.; Hancock, C.M.; Tang, L.; Wanatowski, D. BIM Investment, Returns, and Risks in China’s AEC Industries. J. Constr. Eng.
Manag. 2017, 143, 04017089. [CrossRef]

85. Ling, Y. Research on Construction Enterprise Acceptance of BIM Technology. Constr. Econ. 2015, 36, 21–26. [CrossRef]
86. Lim, J.N. The Government as Marketer of Innovation. Eng. Constr. Archit. Manag. 2014, 21, 551–570. [CrossRef]

http://doi.org/10.2991/ifeesm-17.2018.47
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000982
http://doi.org/10.1061/(ASCE)CO.1943-7862.0001408
http://doi.org/10.14181/j.cnki.1002-851x.201507021
http://doi.org/10.1108/ECAM-04-2011-0042

	Introduction 
	Literature Review 
	EIT in PBPs 
	Technology–Organization–Environment Framework 
	Critical Challenges of EIT Promotion in PBPs 

	Methodology 
	Data Collection 
	Process Based on DEMATEL-ISM Method 

	Results and Analysis 
	Result Analysis of DEMATEL 
	Result Analysis of ISM 

	Discussion and Recommendations 
	Discussion 
	Recommendations for Future Research 

	Conclusions 
	References

