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Abstract: This paper aims to identify indicators of the obstacles that affect the digitalization of
real estate enterprises in their operations management, and analyze the influence, hierarchy and
relationships of these indicators. The indicators of obstacles that affect the digitalization of real
estate enterprise operations management were explored by searching the literature and using the
Delphi method and a word cloud diagram. The obstacle indicator system was built according to
the upstream, middle and downstream levels of the value chain. The FTA obstacle model was used
to analyze the influence of obstacle index, and the DEMATEL–ISM model was used to analyze the
hierarchical structure and correlations between indicators. The results are as follows. The biggest
barriers in real estate digitalization are in the upstream level, such as the difficulty in adopting new
technologies, lack of information technology talent and the high cost of digital software. According
to analysis from the DEMATEL–ISM, the difficulty of enterprises to use new technologies has a
deep-rooted influence on the digitalization of real estate enterprises. Lack of information technology
talent and the high cost of digital software in the upstream level as well as barriers related to a
company’s development strategy and investment willingness constitute barriers in the midstream
level. These barriers not only affect the external and internal links, but also influence each other. The
lack of overall regulation and supervision can explain the reason for these barriers.

Keywords: real estate enterprise; digitalization; operations management; barriers; FTA–DEMATEL–ISM

1. Introduction

In 2021, China’s primary, secondary and tertiary industries have achieved growth
of varying degrees. The added value of the primary industry was 8308.6 billion yuan,
representing an increase of 7.1% over 2020; the added value of the secondary industry
reached 4.50904 trillion yuan, an increase of 8.2%. Among the secondary industries, the total
industrial added value reached 37,257.5 billion yuan, representing an increase of 9.6% over
2020. In China, the impact of real estate development investment on economic growth has
been significant and positive over the years [1], indicating that real estate investment is an
important engine driving economic growth [2]. According to data from the National Bureau
of Statistics, national investment in real estate development in 2021 totaled 14,760.2 billion
yuan, an increase of 4.4% over the previous year; the national sales of commercial properties
reached 18,193 billion yuan, an increase of 4.8%. The real estate sector’s added value rose by
5.2% in 2021 over the previous year, adding 0.4% to overall economic growth.

Years of rapid growth have, however, resulted in several drawbacks [3], such as the
short history of marketization of China’s real estate industry, the lack of a functioning
market mechanism and the prevalence of speculative activity [4]. To this end, the govern-
ment has implemented a series of regulation measures in the real estate industry with the
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prohibition of housing speculation as a guideline, such as restricting the purchase of second
and third homes as well as the resale of housing within five years, thus prompting the real
estate industry to make supply-side reforms and enter an adjustment period; however,
this will also destroy the growth of the construction industry to a certain extent, leading
to bottlenecks in the development of some real estate enterprises [3,5]. The COVID-19
pandemic is impacting the economy across the world, and the real estate industry is cer-
tainly not immune to this global trend [6]. Some scholars have found that COVID-19 has
reduced the market value of real estate in the United States by about 47% to 62% [7]. Its
real estate development decreased by 16.3% from March to April 2021 alone, and operating
capacity fell to 70% to 75% of prepandemic capacity [8]. Although COVID-19 has hit real
estate investment to some extent and reduced the enthusiasm of some home buyers, it
is still a common consensus for most Chinese people to buy their own property due to
China’s large population base. In light of this fact, the demand for housing will remain
strong. In addition, crises are also opportunities. Changes in the real estate market have
also prompted the transformation and upgrading of real estate enterprises. The application
of visualization, big data, cloud computing and other digital technologies will help real
estate enterprises obtain large quantities of data in various business links for analysis and
decision-making, which will promote process standardization, reduce business costs and
improve management efficiency.

Real estate development businesses are facing a new market environment [9], that is,
the shift of industry development from a period of incremental fast growth to a stage of
stock development. This trend calls for the rebuilding of industrial value chain; therefore,
it is necessary to establish a sound development system with a highly mature market [4], a
distinct supply chain [10], high operational efficiency [11] and quick response times. Real
estate corporations will use new technical advancements, particularly all-round digital
advancements, as a key tool to hasten the formation of this robust growth system [12].

China’s digital economy has grown significantly in recent years [13–16], but real estate
businesses still lag behind in digital technology adoption. According to the White Paper
on the Development of China’s Digital Economy (2021), the digital economy in 2020 is
worth $39.2 trillion, accounting for 38.6% of GDP. The use of digital technologies in the
real estate sector is notably underdeveloped when compared to other industries in China,
including the in-depth application of digital technologies such as artificial intelligence in
the fields of healthcare [17], autonomous driving [18,19] and security [20,21]. Currently,
digital technologies are mostly applied in the fields of intelligent architecture and house
design [22–24], real estate energy management [25], property management [26] and real
estate promotion and marketing [27,28] in Chinese real estate development firms.

According to the above-mentioned practical applications, digital technology has only
been used to manage a few aspects of the real estate development enterprise rather than
the entire chain of operations. This limits the effectiveness of digital technology and
also encourages the formation of information islands and chimneys. It has become vital
to conduct research on the application potential of digital technology in the operations
management of real estate development companies given the need for transformation and
upgrading of China’s real estate sector and the prospect of digital economy development.

Fault tree analysis (FTA) is usually used to study the root cause problem of a system.
Combined with a risk matrix, risk analysis can be carried out to evaluate the probability
of the occurrence of specific obstacles [29]. Therefore, fault tree analysis is widely used to
make a forward-looking plan for an industry. Examples include the testing and evaluation
of safety system engineering [30], the design and operation of a subway system [31] and
the risk assessment of applying sensor networks to smart cities [32]. However, it is seldom
used in the study of barriers to the digital operation of real estate. The Decision Making
Trial and Evaluation Laboratory (DEMATEL) approach can further evaluate the dynamic
relationship between barriers, mine the causal relationship between factors and find out
the key factors [33]. Some scholars have applied it to the study of waste management
barriers in smart cities [34]. The interpretive structural modeling method (ISM) can make
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the simplest hierarchical diagram and explore the relationship between obstacles without
affecting the function of the system under study [35].

Therefore, this paper will explore the barriers of digital technology adoption in the
operations management of real estate businesses in China. The research objectives include
three aspects: (1) to construct the indicator system to detect obstacle factors affecting the
digitalization of real estate enterprise operations management; (2) to use the FTA model to
assess the influence of obstacle degree indicators; (3) to use the DEMATEL–ISM model to
analyze the multilevel recursive hierarchy and correlation of obstacle indicators.

2. Literature Review
2.1. Enterprise Operations Management

The concept of operations management has been incorporated into the industrial
sector in the current era due to rapidly growing social productivity, which has caused
a significant transfer of production factors from the traditional industrial sector into the
fields of commerce, transportation, real estate, public health services, finance and other
service industries and fields. Operations management is an umbrella term encompassing
management initiatives that are closely tied to product manufacturing and service provi-
sion. It refers to the planning, organization, implementation and control of the complete
processes of operations [36]. Operations management can also refer to the design, imple-
mentation, monitoring and assessment of changes to the systems that generate and provide
a company’s products or services.

The supply chain disruption risk, business model disruptions and the expanded goals
resulting from public pressure over environmental sustainability and social responsibility
in the past have prompted companies in different industries to develop new approaches to
operations management, implementing measures such as supply chain risk management
programs, new business models and new initiatives to address environmental and social
issues. Now, under the circumstances of the China–US trade war and the COVID-19 pan-
demic, scholars have tried to investigate the research direction of operations management
from the perspective of material, information and financial flows, and they have pointed
out that socially and environmentally responsible supply chains, global supply chain re-
design and innovative supply chain financing are the future research topics of operations
management [37].

In the last two or three decades, social and economic development have seen modern
businesses expand their production capacities and modernize their operations. Real estate
businesses, which are closely related to people’s daily lives, are also undergoing a system-
atic and technological mode shift in their business operations and management [38]. The
majority of real estate enterprises are still struggling with ineffective operations manage-
ment structures in the transition process [39]. When building an operations management
system, real estate enterprises should not only maximize customer value in line with the
trend of contemporary business models [40], but they must also reasonably lay out all
aspects of the operation management process based on their own development, implement
refined operations management programs based on their internal business chain and exter-
nal value chain and should pay attention to the incentive and guiding role of performance
evaluation guidance [41,42].

2.2. Enterprise Digital Transformation

Digital transformation is a process of improving entities through combinations of in-
formation, computing, communication and connectivity technologies (digital technologies)
that trigger significant changes in their broader individual, organizational and societal
contexts [43]. Enterprises can leverage digital transformation to improve efficiency and
productivity, and the benefits are significant and long-term [44,45]. The current digital trans-
formation of enterprises includes the overall and innovative transformation of corporate
strategy, commodity technology, business models and organizational management [46,47].
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Small and medium enterprises (SMEs) are currently facing the challenge of how to
reasonably use digital platforms to improve their original business models to conduct new
business activities [48]. From the perspective of the digital economy, as Truant, Broccardo and
Dana (2021) have pointed out, in the face of business challenges, technological innovation of
digital platforms can help SMEs create greater value, and thus it is necessary to strengthen
the foundation of China’s industrial digitalization, facility construction and digital platform
technology innovation [49]. Another study found that there is a general lack of awareness of
digital transformation in SMEs; for example, the top management of SMEs may not recognize
the additional market opportunities brought by digital technology [50]. In addition, managers
and employees are less willing to use online methods, and lack of online business knowledge
hinders the digital transformation process of enterprises [51]. Although advanced foreign
management theories have been applied, in practice, the lack of advanced management
techniques for SMEs and lack of preparation for expectations are huge barriers that restrict
the success of digital transformation of enterprises. These abilities in operations management
can allow SMEs to compete with large multinational companies [52,53].

With a focus on real estate firms, digital transformation is both a challenging reform
and a crucial way for the sector to break through traditions and achieve innovation. Opera-
tions management digitalization faces three main levels of barriers in terms of technology,
organization and the external environment [47]. When digital technologies are not success-
fully applied, internal collaboration of project teams as well as information communication
are not efficiently utilized [54]; in digital application scenarios, although the algorithms
involved are cutting-edge and applicable, they are too theoretical and do not align well
with reality [55], and there are also difficulties in translating data analysis capabilities into
smooth business processes [56]. The biggest organizational impediments to the implemen-
tation of digital operations management methodologies in real estate organizations are
routine organizational system rigidity and a lack of digital communication agent capa-
bilities [57]. The absence of government incentives and support, as well as inadequate
regulatory and standard systems, are external environmental hurdles to the adoption of
digital technology in the real estate industry. These factors are outside the control of these
companies [58,59]. Compared with other industries, such as manufacturing, the digital-
ization of China’s real estate industry started late. Digitalization focuses on technology,
light assets and on solving the problem of information asymmetry and efficiency. As an
asset-heavy industry with a long industrial chain and asymmetric information, the real
estate purchase process emphasizes personalization and experience, which makes the real
estate industry have a certain ability to resist the passive digitalization from Internet-based
enterprises [47]. As a result, the real estate industry has a later inflow of digital personnel
on a smaller scale than other industries. At the same time, the traditional operational
thinking mode of managers in the real estate industry [60] and the insufficient adaptability
of employees to new technologies [47] are also impediments to the intelligent development
of industry.

In short, the discussion of operations management can broadly cover the positive
experiences or challenges of different industrial sectors, with the operations management
of the real estate industry being primarily based on case studies or the development of
theoretical frameworks with little empirical analysis. Though there are wide and sufficient
studies on digital transformation, covering industries with high technology development
potential such as digital agriculture, high-tech manufacturing and service industries, little
exploration is made regarding the transformation of traditional sectors such as the real
estate industry. There are studies on the barriers or dilemmas of digital transformation, but
very few empirical studies of the obstacle indicators. To fill this gap, this paper tries to use
Chinese real estate enterprises as the research object and empirically analyze the challenges
posed by the digitization of real estate enterprise operations management, as well as the
hierarchy and relationships among the indicators of obstacle degrees, in order to offer clear
empirical support for the digital reform of Chinese traditional real estate enterprises.
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3. Research Methods

This study primarily adopted questionnaires and interviews of personnel in differ-
ent posts within the operations management of real estate enterprises. The study was
conducted in three stages. The goal of the first stage was to build a digital obstacle index
system for real estate enterprise operation and management. Firstly, the index system of
influencing factors of digitalization of operation management of real estate enterprises was
constructed through a search of the literature and the Delphi method, and then the primary
indicators were clustered by using the analysis results of a word cloud map. Finally, the dig-
ital obstacle index system of real estate enterprise operation and management was formed,
which takes the three links in the upper, middle and lower reaches of the value chain as the
second-level index, 9 clustering modules as the third-level index and 17 primary indicators
as the fourth-level index. Based on the index system, we designed the Questionnaire
on the Digitalization of Operation and Management of Real Estate Enterprises to further
carry out the data collection in the second stage. Data were collected by snowballing, and
then data curation and descriptive statistical analysis were performed. The third stage
involved model construction and result analysis. The DEMATEL–ISM model was further
developed to assess the multilevel hierarchical structure and interrelation of the obstacle
degree indicators using the obtained data. The FTA obstacle degree model was established
to analyze the impact size of the obstacle degree index.

3.1. The Establishment of Indicator System in the Digitalization of Real Estate Management

A search for relevant literature was conducted using two major literature databases,
namely CNKI in China, Web of Science and Scopus. To ensure the quality of the litera-
ture, keywords such as “digitization of real estate enterprises”, “operations management
innovation”, “digital barriers”, “digital innovation/transformation” and “value chain in-
novation” were used to search articles from SCI journals, EI journals, the core journals of
Peking University, CSSCI, CSCD and other important literature databases. After screening
and eliminating, a total of 530 references were collected. Through further searching and
research of the literature, the areas where current academic research was still insufficient
were initially identified, and the research direction was broadly determined. The question-
naire scale was developed with the digitalization of operations management as the core
dimension, and some of the scale candidates that could be considered were selected, as
shown in Figure 1.

Figure 1. Search results.

Based on the above literature review and word cloud map analysis, we invited a
group of experts, including 5 professors of management and statistics in universities and
the real estate industry, including 3 executives of operations management of Guangzhou
R&F Properties Co., Ltd., to score the initial set of indicators using the Delphi method (see
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Appendix A for details). We then divided the entire chain of operations management of
real estate enterprises into three categories: upstream design, midstream production and
downstream management. Finally, the factors affecting the digital operations management
of real estate enterprises, including 3 secondary indicators and 17 tertiary indicators, were
shown in Table 1, and a survey questionnaire was designed based on them.

Table 1. Influencing factor scale.

Theme First-Level Indicator Secondary Indicators

Influencing factors of digital
operations management

Upstream design

The current technical level of
the enterprise

Digital hardware and software costs
Ease of learning new technologies
The quality of information talent
Infrastructure cost and perfection

Ease of obtaining design and
requirements data

Construction of data management library

Midstream production

Digital policy guidance
Cooperation with stakeholders

Organization and coordination level of
various departments within

the enterprise
Management’s willingness to invest

Company development strategy
and system

Digital related systems and
management organizations

Downstream sales

The perfection of industry regulations,
standards and supervision

The mastery of dynamic
sales information

Customer acceptance of digital marketing
Market information mining

technology level

Note: The table is compiled according to the results of expert evaluation.

3.2. Questionnaire Design and Reliability Test

A questionnaire was conducted on the Wenjuanxing platform to examine whether real
estate managers knew about digitalization, the adoption of digitalization and the barriers
they were facing (see in Appendix B). The questionnaire, consisting of three parts, had to be
finished in 10–15 min. The first part was the demographic description of those managers,
including gender, age, education, career and work experience in real estate. The second
part gave questions on their views on digitalization and their willingness to adopt, such as
how much they know about real estate digitalization, whether the companies they work
for have adopted digitalization and what technologies they have applied. Part three gave
questions either on the barriers they encountered in the adoption of technology in the
digitalization process or, if they have not adopted digitalization, the reasons they have
not. The interviewees were asked to grade the impact of technology, with 0 indicating no
obstacle and 1–5 indicating the probability of occurrence or impact of the obstacle from
very low to very high.

The internal consistency of questionnaire was tested using the Cronbach’s coefficient
method to determine the reliability. The results showed that Cronbach’s coefficient was
0.962, greater than 0.7, indicating that the scale of the questionnaire used in the study had
good reliability and internal consistency.
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3.3. FTA Barriers Degree Model Construction in the Digitalization of Real Estate Enterprises

Using Boolean logic to aggregate low-order events and analyze undesirable states in a
system, fault tree analysis (FTA) [61,62] is a top-down deductive risk analysis technique. To
identify risks, comprehend system fault reasons and determine the most effective strategy to
reduce risk, FTA analysis is most frequently used in the domains of safety engineering and
reliability engineering [63]. It is a vital technique for risk management and risk modeling
and may be used to determine and quantify the risks connected to any project.

3.3.1. Principle and Mathematical Basis of the Method

FTA is related to set theory in mathematics. It expresses events as combinations of
some basic events, or, to put it another way, expresses system faults as combinations of basic
component faults. It then acts out these equations to find the combinations of component
faults that lead to system faults, i.e., seeking the minimal cut set (MCS) that leads to top events
that can never occur and identifying events with serious repercussions [64]. This process is
achieved by means of Boolean algebraic rules, some of which are as follows [65,66]. Equations
(1)–(4) are the basic rules of Boolean algebra; most of the other rules are derived from these
four basic rules.

Commutative law: X + Y = Y + X (1)

Law of absorption: X + XY = X (2)

Associative law: X ∗ (Y ∗ Z) = (X ∗Y) ∗ Z (3)

Law of tautology: X ∗ X = X (4)

Using the formulae above, the “top event”, i.e., the one that has to be analyzed,
is followed by a mapping of all the connected events in accordance with their logical
connections, branching down to locate their root causes in the shape of a tree, and so on
until all potential basic events have been reached. The procedure continues until all root
causes have been found by first identifying the top events and then moving on to find the
intermediate events. These exhibit the fault tree structure’s lowest level and are referred to
as “basic events” and “gate events”, respectively.

Logic gates like AND and OR describe the relationship between all events from the
top to the basic events. In order to assess the likelihood that a specific fault or hazard will
materialize, FTA offers a qualitative model that gives a clear understanding of the causes
of event failure and quantifies additional information about the probability of any event
occurring from top to bottom.

In this paper, a comprehensive questionnaire was used to investigate the basic events,
and a risk score was assigned to each obstacle according to the interaction matrix of
probable probability and impact of occurrence [67]. The following equation is how the risk
score RS was determined:

RS = P× I (5)

where P denotes probability and I stands for the impact of the obstacle.

3.3.2. Establishment of Index System of Obstacle Degree

Based on the literature concerning the digitalization of operations management in the
past seven years, web crawler technology was used to obtain blog posts and comments on
relevant topics, such as the digital transformation of enterprises, on microblogs and public
websites. Figure 2 shows high-frequency words displayed in the form of a word cloud
diagram generated with Python software to understand current mainstream concerns about
digital innovation and operations management of enterprises, which provides reference
for the design of the index system. “Small and medium-sized enterprises” (SME) is a
high-frequency term that has been extensively studied, and “business model”, “production
method”, “information technology”, “technical innovation” and “infrastructure” are other
frequently discussed subjects. It is clear that SMEs are a key area of concentration for digital
transformation, and because the ultimate goal of transformation is to create a new company



Buildings 2023, 13, 100 8 of 32

operating model, “business model” is also a major research hotspot. The trends of the era of
the digital economy are also reflected in production method, innovation capacity and tech-
nological innovation, artificial intelligence and information technology, etc. These factors
are also the socioeconomic background that motivates businesses to plan transformation
and upgrading. Extended topics such as “infrastructure”, “ecosystem”, “e-commerce” and
“business processes” provide the digital transformation process of enterprises both room
for play and opportunities for innovation, yet may also imply potential barriers. Based on
the above high-frequency words, this paper classifies the 17 factors in Table 1 that affect
the digitalization of real estate enterprise operations management into 9 categories (V3).
Finally, a digital obstacle indicator system for real estate enterprise operations management
has been formed, including three levels, as shown in Table 2.

Table 2. Barriers index system table.

V1 V2 V3 Basic Events

No digital
operations management

Upstream design

Technology
(Te)

B2 The company’s outdated
current technology and

low efficiency

B6 Lack of understanding
of new technologies

B4 Difficulty for companies
to use new technologies

Software and
hardware equipment

(Eq)

B3 Lack of information
talent and high cost of

digital software

B5 High cost and imperfect
infrastructure

Data
(Da)

B1 Difficulty in obtaining
data on product design and

customer needs

B7 Lack of data
management, building

of repositories

Midstream production

Coordinating organization
(Or)

M4 Lack of digital
policy guidance

M5 Poor
cooperation between

stakeholder enterprises

M6 Low level of
organization and

coordination of various
departments within

the enterprise

Will
(Wi)

M2 Lack of management’s
willingness to invest

Environment
(En)

M1 Company development
strategy and

institutional constraints

M3 Lack of
digital systems and

management organizations

Downstream sales

Industry standards and
regulations

(St)

E2 Insufficiency of industry
regulations, standards

and supervision

Market
(Ma)

E1 Lack of dynamic
sales information

E4 Low customer
acceptance of

digital marketing

Technical method
(Tm)

E3 Lack of technology to
mine market information

Note: The table is compiled according to the research results.
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Figure 2. The digital word cloud of operations management. Note: The figure is drawn based on the
results of web crawlers with Python 3.10.0.

3.3.3. Fault Tree Construction

The scoring fault tree constructed in this study is shown in Figure 3, and it demon-
strates how its hierarchical probabilities were multiplied to determine the final probability
of each individual obstacle leading to the occurrence of the top event. The last node was
determined using the aggregate risk score values as stated above, and at each level of
analysis, the total probability was equal to 1. Level 1 contained only one connecting node
from level 1 to level 3, hence the assigned probability value was 1. Since it was unclear how
much of an influence each obstacle will have, we first assumed that all three branches on
Levels 2 and 3 will occur equally frequently, thus giving each branch a chance of 0.33. The
final probability was calculated as follows:

Fi = RSi ×V1×V2×V3 (6)

Figure 3. The Fault Tree Construction. Note: The figure is drawn based on Table 2.

3.4. Construction of DEMATEL–ISM in the Digitalization of Operations Management of Real
Estate Enterprises

The DEMATEL (Decision Making Trial and Evaluation Laboratory) approach was
proposed by A. Gabus and E. Fontela in 1971 as a methodology to comprehend complicated
and challenging problems in the actual world [33]. Specifically, it uses graphical and matrix
tools to analyze the degree of importance of factors within a complex system and thereby
simplify the analysis of the system structure [68]. This method determines the role of each
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factor in the overall system by analyzing the logical and direct influence relationships
among the factors in the system and constructing a direct influence matrix [69].

The ISM (interpretive structural modeling method) is a system engineering research
technique that can convert ambiguous concepts and viewpoints into understandable models
with strong structural connections [70]. It is particularly effective for the analysis of systems
with numerous variables, intricate relationships and hazy structural details [71].

When the influencing factors for the digitization of real estate enterprises were investi-
gated, it was discovered that various factors have intricate relationships with one another,
and as they touch on a wide range of enterprise operations management issues, there exist
factors from different levels. Owing to the complexity of influencing factors, this paper
uses the DEMATEL method to determine the relative importance of various factors and
their relationships of mutual influence. Then, it uses the ISM method to determine the
logical structure of each influencing factor and create a multilevel hierarchical structure
model that reflects the importance of the various factors [72]. Figure 4 illustrates the precise
operating steps. In the DEMATEL stage, based on the questionnaire data of the index
system collected above, the direct influence matrix was established and normalized in
Section 4.3.1. In Section 4.3.2, the comprehensive influence matrix and the overall influence
matrix as well as the four indexes of influence degree, influence degree, centrality degree
and cause degree were calculated. Based on the calculation of the overall influence matrix
and reachability matrix of ISM stage in Section 4.3.3, a multilevel hierarchical structural
model was constructed and analyzed in Section 4.3.5 after the primary obstacle degree
elements were allocated in Section 4.3.4.

Figure 4. The DEMATEL–ISM method operation flow chart. Note: The figure is drawn with Microsoft
Visio 2013.

4. Analysis of the Barriers to the Digitalization of Operations Management of Real
Estate Enterprises
4.1. Analysis of Descriptive Statistical Results

The questionnaire was collected from May to June in 2021. A total of 145 valid
questionnaires were collected, and descriptive analysis was done on the respondents’
demographics, covering a number of factors including the distribution of respondents’ jobs,
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years of experience, knowledge of digital technology, the status of their applications and
their awareness of future adoption.

4.1.1. Demographics of Respondents

The positions of the respondents were distributed in the field of operations manage-
ment, as shown in Figure 5a. The positions range from operations (23.1%), real estate
engineering (15.4%), real estate cost recruitment (12.3%) and real estate investment (10.7%),
and others include top management team, real estate design, finance, marketing planning,
business operation, etc. Figure 5b shows the regional distribution in which it is clear that
the respondents mainly came from the more developed regions of real estate development,
such as the north, south, east and central regions of the top three cities—Shanghai (30.77%),
Guangdong (23.76%) and Jiangsu (11.89%). According to Table 3, nearly half of the respon-
dents had less than 5 years’ experience in the real estate industry, more than 1/3 had 5–10
years’ experience, less than 1/4 had more than 10 years’ experience and nearly 5% of the
workforce had up to 20 years’ experience or more.

Figure 5. The demographics of the respondents. (a) The posts of respondents (by percent).
(b) The regional distribution of respondents (by percent). Note: The figure is mapped based on the
questionnaire data.
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Table 3. Contingency table of respondents’ positions and years of real estate experience.

Post
Working Years Less than

5 Years
5–10 Years 10–20 Years More than

20 Years
Total

Top management team 2 8 3 13
Invest 10 4 2 16
Design 4 5 1 10

Marketing planning 7 4 11
Finance 2 3 2 7
Project 12 8 1 1 22

Cost procurement 6 7 4 1 18
Operation 9 14 11 34

Commercial operation 8 2 10
Other 2 1 1 4
Total 60 50 30 5 145

4.1.2. Adoption of Digital Technologies for Operations Management

According to the survey, digital technologies were adopted by 46.15 percent of the
respondents’ real estate businesses. Up to 92.31 percent of respondents (78.62%) said
they have some knowledge of how the real estate industry is becoming more digitalized.
Big data was followed by artificial intelligence (77.62%), virtual reality (VR) technology
(66.43%), cloud computing technology (65.73%) and automatic control systems (60.84%)
in terms of understanding (as shown in Figure 6). It is important to note that even highly
specialized technologies, such as 3D printing and blockchain, were familiar to almost half of
the population. This is encouraging because awareness is the first step towards embracing
and accepting digital innovations. However, excluding the “other” option, SaaS technology
is the least understood, and SaaS technology may be able to help businesses with their cost
and learning curve issues; therefore, awareness must be raised in this area. Overall, there is
mass awareness for the real estate companies adopting and utilizing digital technologies.

Figure 6. Comparison of digital technology awareness. Note: The figure is mapped based on the
questionnaire data.

4.1.3. Adoption Intention of Digital Technology

72.73 percent of respondents had the willingness to adopt digital technology, indicating
that employees within these organizations are aware of the need for corporate upgrading
and that people are influenced by the social trend of digitalization.

Figure 7 shows the responses concerning which digital technology they would like to
adopt. Big data was the highest (87.5%), followed by cloud computing (46.43%) and artificial
intelligence (41.07%), which is in line with the findings of the respondents’ understanding
of digital technology and suggests that enterprises are more likely to develop digital
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technology about which consumers have a certain knowledge. Second, respondents have
similar willingness to apply blockchain, SaaS, VR and AR, each of which reported about
20% willingness among respondents. It can be seen that enterprises intend to adopt a
variety of digital technologies to provide consumers with a more relevant and attractive
brand experience. Meanwhile, accurate and real-time reports from multiple digital channels
provide consumers with data intelligence.

Figure 7. Adoption intention of digital technologies. Note: The figure is mapped based on the
questionnaire data.

4.2. Obstacle Degree Analysis
4.2.1. Risk Matrix Development

In the questionnaire, we designed an obstacle scale, with 0 representing no obstacle
and 1–5 indicating the probability of occurrence or impact of the obstacle from very low
to very high, in order to assess possible barriers and the impact of these barriers to the
application of digital technology in real estate operations management. Table 4 shows the
obstacle scores, and it can be seen that the highest frequency of the “very high” response
was the lack of information technology talent and the high cost of digital software (B3),
which occured 25 times, followed by the difficulty of using new technology (B4) and the
high cost of infrastructure (B5), each with a frequency of 21 times. Institutional restrictions
and the degree of barriers to the company’s growth strategy (M1) were both relatively high,
with 20 occurrences in the evaluation. In terms of the three lower levels of evaluation,
the lack of a good stakeholder cooperation model (M5) saw the most frequent “no such
obstacle” response, followed by management’s lack of investment readiness (M2), the
difficulty in obtaining information on product design and customer needs (B1) and low
consumer acceptance of digital marketing (E4). Considering the two “very low” and
“low” items and simply putting them together, we can determine that the difficulty in
acquiring data on product design and consumer wants (B1) had the highest frequency
among the three low degree items, with a total of 66 responses. The low degree of consumer
acceptability of digital marketing (E4), which appeared 64 times, leads us to believe that
the combined impact of these two barriers may be negligible. This is consistent with the big
data economy and the social environment in which people are used to digital technology.
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Table 4. Disability score counting table.

Barriers None Very Low Low Moderate High Very High Total

B1 Difficulty in obtaining data on product design
and customer needs 14 17 36 38 31 9 145

B2 The company’s outdated current technology
and low efficiency 14 18 26 40 33 14 145

B3 Lack of information talent and high cost of
digital software 11 7 19 40 43 25 145

B4 Difficulty for companies to use
new technologies 14 6 19 48 37 21 145

B5 High cost and imperfect infrastructure 11 11 21 38 43 21 145
B6 Lack of understanding of new technologies 11 15 26 42 36 15 145

B7 Lack of data management, building
of repositories 12 12 23 39 40 19 145

M1 Company development strategy and
institutional constraints 14 13 24 40 34 20 145

M2 Lack of management’s willingness to invest 16 13 23 47 32 14 145
M3 Lack of digital systems and

management organizations 14 11 27 43 31 19 145

M4 Lack of digital policy guidance 13 11 26 41 39 15 145
M5 Poor cooperation between

stakeholder enterprises 18 11 25 44 33 14 145

M6 Low level of organization and coordination of
various departments within the enterprise 11 12 32 43 31 16 145

E1 Lack of dynamic sales information 13 16 32 41 30 13 145
E2 Insufficiency of industry regulations, standards

and supervision 13 17 29 41 33 12 145

E3 Lack of technology to mine market information 10 16 33 41 35 10 145
E4 Low customer acceptance of digital marketing 15 18 32 37 30 13 145

Note: The table was compiled according to the questionnaire data.

For further analysis and the construction of a risk matrix, Table 5 shows the transfor-
mation of the respondents’ scores into a mean probability score and mean impact score,
each given min–max normalization. The mean score for impact is generally greater than
that for probability. B3 got the highest standardized mean probability score and mean
impact score, followed by B4, B5 and B7. It can be concluded that the upstream design
segment had a larger obstacle likelihood and impact. Additionally, it was discovered that
E4 is the only obstacle with a score of impact less than 0.1.

Table 5. Probability and impact score.

Barriers Probability
Mean (PM) Normalized PM Impact Mean

(IM) Normalized IM

B1 Difficulty in obtaining data on product
design and customer needs 20.32 0 24.36 0

B2 The company’s outdated current
technology and low efficiency 23.10 0.28 26.00 0.24

B3 Lack of information talent and high
cost of digital software 30.23 1 31.12 1

B4 Difficulty for companies to use
new technologies 27.87 0.77 29.84 0.81

B5 High cost and imperfect infrastructure 28.26 0.80 29.84 0.81
B6 Lack of understanding of

new technologies 24.42 0.41 27.28 0.43

B7 Lack of data management, building
of repositories 26.74 0.65 28.76 0.65
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Table 5. Cont.

Barriers Probability
Mean (PM) Normalized PM Impact Mean

(IM) Normalized IM

M1 Company development strategy and
institutional constraints 26.10 0.58 27.92 0.53

M2 Lack of management’s willingness
to invest 22.94 0.26 26.12 0.26

M3 Lack of digital systems and
management organizations 25.16 0.49 27.48 0.46

M4 Lack of digital policy guidance 24.84 0.46 27.76 0.50
M5 Poor cooperation between

stakeholder enterprises 23.10 0.28 26.20 0.27

M6 Low level of organization and
coordination of various departments

within the enterprise
23.94 0.37 26.96 0.38

E1 Lack of dynamic sales information 22.00 0.17 25.36 0.15
E2 Insufficiency of industry regulations,

standards and supervision 22.13 0.18 25.60 0.18

E3 Lack of technology to mine
market information 21.77 0.15 25.76 0.21

E4 Low customer acceptance of
digital marketing 21.58 0.13 24.72 0.05

Note: The probability and impact scores were calculated according to the questionnaire data.

Table 6 shows the results of the risk scoring formula used to determine each obstacle’s
risk score after determining its probability and impact score. The normalized values will
change the original structure of the data and obscure the differences between barriers; as a
result, this project uses the RS values directly in the subsequent FTA for calculation without
normalization because the results show that there is a more pronounced difference between
different obstacle risks. According to the table, which is consistent with the previous
analysis, B3 (1) had the highest risk score, followed by B5 (0.65) and B4 (0.62); B1 (0) had
the lowest risk score, with E4 (0.01), E1 (0.03), E2 (0.03) and E3 (0.03) following.

Table 6. Risk score sheet.

Barriers Probability Impact RS

B1 Difficulty in obtaining data on product design and
customer needs 0 0 0

B2 The company’s outdated current technology and low efficiency 0.28 0.24 0.07
B3 Lack of information talent and high cost of digital software 1 1 1

B4 Difficulty for companies to use new technologies 0.77 0.81 0.62
B5 High cost and imperfect infrastructure 0.80 0.81 0.65

B6 Lack of understanding of new technologies 0.41 0.43 0.18
B7 Lack of data management, building of repositories 0.65 0.65 0.42

M1 Company development strategy and institutional constraints 0.58 0.53 0.31
M2 Lack of management’s willingness to invest 0.26 0.26 0.07

M3 Lack of digital systems and management organizations 0.49 0.46 0.23
M4 Lack of digital policy guidance 0.46 0.50 0.23

M5 Poor cooperation between stakeholder enterprises 0.28 0.27 0.08
M6 Low level of organization and coordination of various

departments within the enterprise 0.37 0.38 0.14

E1 Lack of dynamic sales information 0.17 0.15 0.03
E2 Insufficiency of industry regulations, standards and supervision 0.18 0.18 0.03

E3 Lack of technology to mine market information 0.15 0.21 0.03
E4 Low customer acceptance of digital marketing 0.13 0.05 0.01

Note: The risk score is calculated according to Table 5.
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After calculating the risk score and normalized score values, the probability and
influence matrix given below categorizes the barriers, showing the risk level of each
obstacle. Those located in the red area were high-risk barriers, those located in the yellow
area were moderate-risk barriers, and those located in the green area were low-risk barriers.
As shown in Figure 8, the barriers ranked very high were B4, B3, B5, B7 and M1, and the
barriers ranked relatively low were B1 and E4. Twelve barriers fell into the medium- and
high-risk area of the matrix, only 5 barriers fell in the low-risk area, and the four barriers
in the downstream sales link were classified as low risk barriers; after observation, the
probability of occurrence of the 4 barriers located in the medium-risk area was lower than
their influence. Among the eight barriers located in the high-risk area, B4, B3 and B5 were
three barriers of very high risk, indicating a high risk of hindering the digital operations
management of real estate, and the probability of occurrence of the other five barriers was
higher than the impact strength.

Figure 8. The risk matrix diagram. Note: The figure is mapped based on Table 6.

4.2.2. FTA

This section explains how the risk score was used to calculate the probability value
of each obstacle leading to the occurrence of the top event, which was combined with the
previous analysis and calculated in this project using the following formula:

FVi = RSi × 1× 0.33× 0.33 (7)

In the fault tree, the likelihood of each obstacle causing the top event is represented by
its percent contribution, which is shown in the following formula:

Fi(%) =
FVi

∑ FVi
× 100 (8)

The modified fault tree diagram is displayed in Figure 9. Overall, B3 (lack of informa-
tion technology talent and high cost of digital software) was the obstacle with the highest
contribution (24.39%). It was the only obstacle with a contribution of more than 20 percent
among all obstacles, and it had the highest likelihood of occurrence of top events brought
on by the upstream design link, indicating that the cost issue is still a significant obstacle to
the adoption of digital operations management by real estate enterprises. Enterprises are
still hampered in their efforts to embrace digitalization by the dearth of senior information
technology personnel. Additionally, B5 (15.85%) indicates they often had inadequate infras-
tructure, and B4 (15.12%) indicates they often found it challenging to use new technology.
These results show that real estate businesses struggle to adopt digital operations manage-
ment due to a lack of hardware, and they also show how challenging it is for businesses
to use new technology in operations management, which has an impact on their digital
transformation. As a result, the challenges are primarily found in the upstream design,
particularly in hardware and software.
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Figure 9. The fault tree diagram. Note: The figure was drawn with failure probability.

It can be seen that the contributions of the barriers in midstream production were
not more than 10%, and the influence was moderate. Barriers in the M1 category (7.56%),
i.e., those related to company development strategy and institutional constraints, were
the most contributing barriers, which indicates that the failure of enterprises to adopt
digital operations management mode is to some extent limited by their own development
strategies. In order to carry out value chain innovation, it is necessary to reform and adjust
the corporate planning and management system.

Overall, it appears that each obstacle in the downstream sales section only contributed
a modest amount of no more than three percent. These four barriers, when taken together
with the risk matrix, all fell in the low-risk category, which may mean that they have not yet
developed into barriers that real estate organizations must raise concerns about throughout
the process of managing digital operations.

4.3. Multilevel Hierarchical Structure and Correlation Analysis of Obstacle Degree Index
4.3.1. Establishing a Direct-Influence Matrix

To further analyze the hierarchy and degree of correlation within the obstacle degree
index, we first used the Delphi method to score the degree of mutual influence within the
17 barriers index and used the averaging method to obtain the final scores of each factor. As
shown in Table 7, this resulted in a direct matrix between the influencing factors of digital
technology use.

Table 7. Direct-influence matrix A.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S1 ∗ 0 4 2 3 4 1 2 1 2 2 1 2 4 4 1 4 1
S2 4 0 3 4 2 3 4 2 3 3 2 3 4 4 2 3 2
S3 4 4 0 4 3 2 4 3 4 4 4 3 4 4 1 4 1
S4 3 2 3 0 1 1 3 1 2 3 3 1 3 3 2 3 1
S5 3 3 3 3 0 3 4 2 3 2 2 1 4 4 2 4 3
S6 2 3 2 1 4 0 4 3 4 2 2 1 2 1 3 2 1
S7 2 3 3 3 2 2 0 3 2 3 3 2 4 4 3 4 3
S8 3 3 3 1 3 2 3 0 4 4 4 3 3 4 3 4 3
S9 2 4 3 1 4 3 4 4 0 4 4 3 3 3 3 4 3
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Table 7. Cont.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S10 3 3 4 3 2 2 4 2 3 0 4 4 3 2 3 3 3
S11 3 2 3 3 2 1 4 2 2 4 0 2 4 2 2 2 3
S12 1 2 3 2 2 1 3 2 2 3 2 0 2 2 3 3 1
S13 2 3 4 3 2 1 4 3 3 3 3 3 0 2 2 3 1
S14 2 2 3 2 2 3 4 2 2 2 2 3 2 0 2 4 4
S15 3 3 3 1 4 3 3 4 3 4 4 4 3 2 0 4 3
S16 1 2 2 2 2 3 4 2 2 1 2 3 1 3 2 0 3
S17 1 1 2 1 3 1 3 4 3 3 3 3 2 4 3 4 0

* Si(1, 2, · · · 17) represent B1–B7, M1–M6 and E1–E4 in Table 2, in that order. The direct influence matrix’s values
of 0, 1, 2, 3 and 4 were used to quantify the strength of direct relationships between the factors, with 0 denoting no
relationship, 1 denoting a weak relationship, 2 denoting a general relationship, 3 denoting a strong relationship
and 4 denoting a very strong relationship. Note: The direct influence matrix A was drawn based on the expert
scoring results.

4.3.2. Calculation of the Total-Influence Matrix

The new matrix X was obtained by normalizing the direct-impact matrix on the basis
of the preceding, and the comprehensive influence matrix T was further obtained by
calculating the following equation:

X =
1

max1≤i≤17 ∑17
j=1 aij

(9)

T = X(I − X)−1 (10)

where I is the unit matrix. As shown in Table 8, the total-influence matrix was calculated
with the help of MATLAB.

Table 8. Comprehensive influence matrix T.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S1 0.17 0.27 0.24 0.23 0.25 0.17 0.29 0.19 0.23 0.24 0.22 0.22 0.28 0.29 0.18 0.31 0.18
S2 0.29 0.25 0.31 0.28 0.26 0.24 0.39 0.26 0.29 0.31 0.29 0.28 0.34 0.34 0.24 0.36 0.24
S3 0.31 0.34 0.29 0.31 0.30 0.24 0.42 0.30 0.34 0.36 0.35 0.31 0.37 0.37 0.25 0.40 0.25
S4 0.22 0.22 0.25 0.16 0.19 0.16 0.29 0.18 0.22 0.25 0.24 0.19 0.25 0.25 0.19 0.28 0.17
S5 0.26 0.29 0.30 0.26 0.22 0.23 0.38 0.25 0.29 0.29 0.28 0.24 0.33 0.33 0.24 0.36 0.25
S6 0.21 0.26 0.25 0.19 0.26 0.15 0.33 0.24 0.27 0.25 0.24 0.21 0.26 0.24 0.22 0.28 0.19
S7 0.25 0.29 0.30 0.26 0.26 0.21 0.31 0.27 0.27 0.30 0.30 0.26 0.33 0.33 0.25 0.36 0.25
S8 0.28 0.31 0.33 0.24 0.30 0.23 0.39 0.24 0.33 0.34 0.34 0.30 0.33 0.35 0.27 0.39 0.27
S9 0.28 0.34 0.34 0.25 0.32 0.26 0.42 0.32 0.27 0.36 0.35 0.31 0.35 0.35 0.28 0.40 0.28
S10 0.27 0.30 0.33 0.27 0.27 0.22 0.39 0.26 0.30 0.26 0.32 0.30 0.32 0.31 0.26 0.36 0.26
S11 0.24 0.25 0.28 0.24 0.24 0.18 0.35 0.23 0.25 0.30 0.22 0.24 0.30 0.27 0.22 0.30 0.23
S12 0.18 0.22 0.24 0.19 0.20 0.15 0.29 0.20 0.21 0.25 0.22 0.17 0.23 0.23 0.21 0.28 0.17
S13 0.23 0.27 0.30 0.25 0.24 0.18 0.35 0.25 0.27 0.29 0.28 0.26 0.24 0.28 0.22 0.33 0.20
S14 0.22 0.25 0.27 0.22 0.23 0.21 0.34 0.23 0.24 0.26 0.25 0.25 0.26 0.23 0.22 0.33 0.25
S15 0.29 0.32 0.33 0.25 0.32 0.25 0.39 0.31 0.31 0.35 0.34 0.32 0.34 0.32 0.22 0.40 0.28
S16 0.18 0.22 0.23 0.19 0.21 0.19 0.30 0.20 0.22 0.21 0.22 0.22 0.22 0.25 0.19 0.23 0.21
S17 0.21 0.23 0.26 0.20 0.25 0.18 0.33 0.27 0.27 0.28 0.27 0.26 0.27 0.31 0.24 0.34 0.19

Note: The comprehensive influence matrix T was calculated based on Table 7 with the help of MATLAB 2021a.

The four indicators for each obstacle degree were calculated separately through the
comprehensive influence matrix T, as shown in the following formulae:

Influencing degree: Di = ∑17
j=1 tij(i = 1, 2, 3, · · · , 17) (11)

Influenced degree: Ci = ∑17
j=1 tji(i = 1, 2, 3, · · · , 17) (12)



Buildings 2023, 13, 100 19 of 32

Centrality: Fi = Di + Ci (13)

Causality: Ri = Di − Ci (14)

where Di refers to the sum of the values of each row in the matrix T, indicating the
comprehensive influence of each element on all other elements; Ci refers to the sum of the
values of each column in the matrix T, indicating the comprehensive influence of all other
elements on each element; the sum of the influence degree and the influenced degree of the
element is regarded as the central degree of the element Fi, which indicates the position of
the element in the evaluation index system and the size of its role. The greater the centrality,
the greater the importance of the element. The difference between the influence degree and
the influence degree of an element is denoted as the cause degree of the element. If the
cause degree is greater than 0, it indicates that the element had a great influence on other
factors, which is called the cause factor. Otherwise, it is called the result factor.

Table 9 shows the F-centrality and R-degree of both “managers’ lack of willingness
to invest” (S9) and “lack of information talent and high cost of digital software” (S3)were
found to be relatively high, which indicates that they play a significant role in the use of
digital technology in enterprises and, to a large extent, also influence other factors in the
system. As such, they can be regarded as key factors that should be taken into consideration
when formulating the value chain. The remaining factors are examined in more detail.

In terms of centrality, the most crucial factors include “lack of data management
and data repository” (S7), “lack of digital systems and management organizations” (S10)
and “outdated current technology and low efficiency” (S2). These barriers, on one hand,
show that managers only have a vague understanding of digitalization and have not put
digitalization into practice or made decisions on the corresponding rules and regulations of
digitalization. On the other hand, the barriers also demonstrate the importance of technical
support, which helps with the adoption and development of digitalization.

From the perspective of causality, the factors with R-causalities greater than zero were
“insufficiency of industry regulations, standards and supervision” (S15), “enterprises’ devel-
opment strategy and institutional constraints” (S8) and “enterprises’ lack of knowledge of
new technologies” (S4), which are called causality barriers acting as prerequisites for most
other factors. The factors with R-causalities less than zero were “lack of advanced technol-
ogy in market information mining” (S16), “lack of data management and data repository”
(S7), “enterprises’ lack of sufficient dynamic sales information” (S14), “poor cooperation
between stakeholder enterprises” (S12) and “poor organization and coordination of various
departments within the enterprise” (S13). These obstacle factors are outcome factors, which
are easily influenced by other factors. For example, organization and coordination of
various departments within the enterprise as well as cooperation between stakeholder
enterprises will be affected by the company’s development strategy.
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Table 9. DEMATEL model comprehensive analysis table.

Barriers D
Influence

C
Influenced

F
Centrality

R
Causality

S1: Difficulty in obtaining data on product design
and customer needs 3.96 4.09 8.06 −0.13

S2: Outdated current technology and low efficiency 4.96 4.62 9.58 0.34

S3: Lack of information talent and high cost of
digital software 5.48 4.85 10.33 0.63

S4: Enterprises’ lack of knowledge of
new technologies 3.71 4.00 7.71 −0.29

S5: High cost and imperfect infrastructure 4.80 4.33 9.13 0.47

S6: Lack of understanding of new technologies 4.03 3.44 7.48 0.59

S7: Lack of data management and data repository 4.81 5.94 10.75 −1.14

S8: Enterprises’ development strategy and
institutional constraints 5.25 4.20 9.45 1.05

S9: Managers’ lack of willingness to invest 5.47 4.56 10.03 0.91

S10: Lack of digital systems and
management organizations 5.01 4.89 9.90 0.13

S11: Lack of digital policy guidance 4.33 4.72 9.05 −0.39

S12: Poor cooperation between
stakeholder enterprises 3.66 4.36 8.02 −0.70

S13: Poor organization and coordination of various
departments within the enterprise 4.46 5.02 9.48 −0.56

S14: Enterprises’ lack of sufficient dynamic sales
information 4.27 5.05 9.33 −0.78

S15: Insufficiency of industry regulations, standards
and supervision 5.34 3.90 9.24 1.44

S16: Lack of advanced technology in market
information mining 3.69 5.72 9.41 −2.04

S17: Low customer acceptance of digital marketing 4.35 3.89 8.24 0.46

Note: This table was made based on Table 8 with the help of MATLAB 2021a.

4.3.3. Calculation of the Total-Impact Matrix and Reachability Matrix of Indicators

It is important to first check for a logical connection between the components that
influence or imply one another before using the ISM model to undertake an explanatory
structural analysis of the factors influencing the use of digital technology.

Based on the total-influence matrix calculated earlier, the overall influence matrix was
obtained with the following equation:

H = I + T (15)

The attenuation degree is also set to round off the influence relationship between
elements with less influence in order to achieve the purpose of simplifying the system
structure. The calculation is shown in Formula (16):

Kij =

{
1, hij ≥ λ(i, j = 1, 2, 3, · · · , 17)
0, hij < λ(i, j = 1, 2, 3, · · · , 17)

(16)

Since the threshold value must be taken for numerous trials in order to acquire the
optimum system structure model, the setting of the attenuation degree directly influences
the makeup of the reachability matrix and the division of the system structure. The
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reachability matrix between factors was determined in this study by choosing λ = 0.25,
λ = 0.27, λ = 0.30, λ = 0.32 and λ = 0.35. The node degree of the factor is the sum of the
elements in the rows and columns of the reachability matrix, and it was determined that
the node degree is moderate when the threshold value is 0.32; therefore, it was set to 0.32.
Then, the power operation of the matrix was carried out by Boolean algebraic operation
law to obtain the reachability matrix. Formula (17) shows the calculation.

Mij = (K + I)r = (K + I)r−1 6= · · · 6= (K + I)2 6= (K + I) (17)

The final reachable matrix of factors is shown in Table 10:

Table 10. Reachability matrix M.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S2 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0
S3 0 1 1 0 1 0 1 1 1 1 1 0 1 1 0 1 0
S4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
S5 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 1 0
S6 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 1 0
S7 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0
S8 0 1 1 0 1 0 1 1 1 1 1 0 1 1 0 1 0
S9 0 1 1 0 1 0 1 1 1 1 1 0 1 1 0 1 0
S10 0 1 1 0 1 0 1 1 1 1 1 0 1 1 0 1 0
S11 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 1 0
S12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
S13 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0
S14 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0
S15 0 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0
S16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
S17 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1

Note: The reachability matrix M was calculated based on the comprehensive influence matrix T with the help of
MATLAB 2021a.

4.3.4. Primary Allocation of Barriers

According to the reachability matrix, the reachable set of each obstacle factor P(Si) (the
set of barriers with a value of one in the corresponding row of a factor in the reachability
matrix) and the prior set Q(Si) (the set of barriers with a value of one in the corresponding
column of a factor in the reachability matrix) were found, and a circular stratification of all
factors was done based on Li{Si|P(Si) ∩Q(Si)} = P(Si)(i = 1, 2, 3, · · · , 17), excluding S1
and S4, as those two factors are just in their own reachability matrix path. The five layers ob-
tained were: L1 = {S12, S16}; L2 = {S7, S13, S14}; L3 = {S2, S5, S11}; L4 = {S3, S8, S9, S10};
L5 = {S6, S15, S17}. Table 11 is a summary table of each stratum:

Table 11. Reachable set and antecedent set of barriers.

Si Reachable Set of Si Antecedent Set of Si Common Set of Si
Starting

Set
Termination

Set

2 2,7,13,14,16 2,3,8,9,10,15 2
3 2,3,5,7,8,9,10,11,13,14,16 3,8,9,10,15 3,8,9,10
5 5,7,13,14,16 3,5,8,9,10,15 5
6 6,7,13,14,16 6 6 6
7 7,13,14,16 2,3,5,6,7,8,9,10,11,13,14,15,17 7,13,14
8 2,3,5,7,8,9,10,11,13,14,16 3,8,9,10,15 3,8,9,10
9 2,3,5,7,8,9,10,11,13,14,16 3,8,9,10,15 3,8,9,10
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Table 11. Cont.

Si Reachable Set of Si Antecedent Set of Si Common Set of Si
Starting

Set
Termination

Set

10 2,3,5,7,8,9,10,11,13,14,16 3,8,9,10,15 3,8,9,10
11 7,11,13,14,16 3,8,9,10,11,15 11
12 12 12,15 12 12
13 7,13,14,16 2,3,5,6,7,8,9,10,11,13,14,15,17 7,13,14
14 7,13,14,16 2,3,5,6,7,8,9,10,11,13,14,15,17 7,13,14
15 2,3,5,7,8,9,10,11,12,13,14,15,16 15 15 15
16 16 2,3,5,6,7,8,9,10,11,13,14,15,16,17 16 16
17 7,13,14,16,17 17 17 17

Note: The reachable set and antecedent set of barriers was drawn based on Table 10.

4.3.5. Constructing a Multilevel Hierarchical Structure Model

Figure 10 shows a five-level hierarchical structure model of the influencing factors
for the digitalization of operations management in real estate enterprises. The impact
of various barriers in the digitalization of real estate enterprise operations management
as shown in Figure 10 is divided into deep-rooted impact, intermediate indirect impact
and surface direct impact. The causal relationship between barriers is also shown in the
hierarchical structure.

Figure 10. The five-level hierarchical structure model of the influencing factors for the digitalization
of operations management in real estate enterprises. Note: The figure was drawn with Microsoft
Visio 2013.

The direct influence of the surface layer is mainly composed of the elements of the
fifth and fourth layers. Among them, the fifth layer comprises the two elements of “poor
cooperation between stakeholder enterprises” (S12) and “lack of advanced technology in
market information mining” (S16), which are called the external links of the real estate
enterprise. The former (S12) indicates the ability of cooperation between the real estate
enterprise itself and other related enterprises. The latter (S16) indicates whether real estate
enterprises can use digital technology to timely tap and master external opportunities and
customer needs in the real estate market.

The fourth layer consists of three elements: “lack of data management and data
repository” (S7), “poor organization and coordination of various departments within the
enterprise” (S13) and “enterprises’ lack of sufficient dynamic sales information” (S14), which
are called the internal links of real estate enterprises and mainly show the construction of
real estate enterprises’ own databases as well as the application of digital technology to
achieve more effective coordination between departments and a more accurate grasp of
sales information. From the perspective of the relationship between the two layers of direct
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influence on the surface, the three elements of the fourth layer have a significant impact on
the market information-mining ability of the fifth layer. On the one hand, it reflects whether
the real estate enterprises can use advanced digital technology to mine, store and develop
market information. On the other hand, it shows whether the real estate enterprises can
first grasp the sales information from the perspective of the supply side, carry out the
smooth transmission and sharing of information among departments, and then expand
to the information mining of the demand side on this basis. The coordination level of
internal departments at the fourth layer has a great impact on the cooperation ability of
external stakeholders of the real estate enterprises at the fifth layer, which is more realistic.
From the perspective of the underlying impact path, the cooperation ability between
different enterprise entities is also affected by the “insufficiency of industry regulations,
standards and supervision (S15)” in the first layer. Therefore, it can be seen that the standard
and healthy development of the industry as a whole is the cornerstone to ensure good
cooperation among all subjects in the industry.

The indirect influence of the middle layer is mainly composed of the elements of the
third and second layers. Among them, the third layer consists of three elements: “outdated
current technology and low efficiency” (S2), “high cost and imperfect infrastructure (S5)”
and “lack of digital policy guidance (S11)”. Among them, “outdated current technology
and low efficiency (S2)” and “high cost and imperfect infrastructure (S5)” are referred to as
hardware and software facilities, whereas “Lack of digital policy guidance (S11)” is referred
to as a policy factor. From the perspective of the paths, the advantages and disadvantages of
hardware and software facilities and policy factors all have an impact on the three factors at
the fourth level. Better hardware and software facilities as well as digital policy guidance can
make it easier for effective enterprises to establish databases and improve the technical level
and means of departments to coordinate and mine market information, and vice versa.

The second layer consists of four elements: lack of information talent and high cost of
digital software (S3), enterprises’ development strategy and institutional constraints (S8),
managers’ lack of willingness to invest (S9) and lack of digital systems and management
organizations (S10). In addition to influencing the third layer, the second layer generates
a loop relationship among its four elements. It is easy to understand that the key to
improving the third layer of hardware and software facilities and policy factors lies in
information talent, strategic layout and investment willingness as well as digital system
and management organization. Talent is the soft power of the digital transformation of real
estate enterprises. Strategic layout and investment willingness affect the construction of
hardware facilities and the introduction, development and training of talent. The digital
system and management organization not only guarantees the construction of hardware
and software facilities for real estate enterprises, but also lays the foundation for digital
policy to effectively play a guiding role in all levels and departments of these enterprises.

The deep-root influence is the first layer, including three elements: “lack of under-
standing of new technologies” (S6), “insufficiency of industry regulations, standards and
supervision” (S15) and “low customer acceptance of digital marketing” (S17). Among them,
the “insufficiency of industry regulations, standards and supervision” (S15) has an impact
on all elements of the second layer. It shows that if the regulations and standards of the
government and industry organizations are not perfect and supervision is not in place,
then real estate enterprises will show no willingness to carry out a digital strategic layout.
In other words, without corresponding investment considerations, there is no motivation
for the construction of digital software and hardware facilities. It can be seen that the
top-level design of government industry organizations has a fundamental impact on the
digital application of real estate enterprise operation management. “Lack of understanding
of new technologies” (S6) and “low customer acceptance of digital marketing” (S17) mainly
affect the fourth layer of direct impact on the surface. “Lack of understanding of new
technologies” (S6) is reflected in the inability of enterprises to establish databases and the
inability to use digital technology for department coordination and sales information min-
ing. Customers’ low acceptance of digital marketing will dent the enthusiasm of enterprise
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to go digital from the perspective of demand side and reduce the effectiveness of digital
technology application.

5. Conclusions

The results show that there are 17 barriers in the digitalization of operations manage-
ment of real estate enterprises in China. Among the 17 barriers, the biggest ones are in
the upstream level, such as difficulty in adopting new technologies, lack of information
technology talent and the high cost of digital software as well as imperfect infrastructure
and the high cost to upgrade it. According to analysis using the DEMATEL–ISM method,
the difficulty enterprises face in using new technologies has a deep-rooted impact on real
estate digitalization. The lack of information technology talent and the high cost of digital
software in the upstream level, as well as barriers to a company’s development strategy and
investment willingness to institute digitalization in the midstream level, not only affects the
external and internal links, but also have influence among themselves. The lack of overall
regulation and supervision can explain the reason for these barriers.

Based on the above results, corresponding suggestions are shown below:
First, real estate enterprises must promote the improvement of digital systems and

management organizations of the real estate industry based on policy guidance regarding
digitalization. The standardization and improvement of industry regulations provides
guidance for the development of the real estate industry that directly affects the digital
strategic layout of real estate enterprises, the willingness to invest in software and hard-
ware facilities and the inflow of digital talent. In addition to strengthening communication
and cooperation between supervision authorities, government departments and industry
associations, real estate enterprises can also support and assist the government to formulate
reasonable digital policies and industry standards for the real estate industry by participat-
ing in government digital infrastructure construction, government urban data fusion and
sharing construction, etc.

Second, real estate enterprises must implement their laws, regulations and standards in
management based on the guidance of those in the whole industry. Advanced data manage-
ment systems should be built. Meanwhile, regulations that give clear divisions of responsibili-
ties should be established so that technology talent and resources can find their best matches,
and coordination between departments within the enterprise should be improved to secure
the efficiency of digital operations management. In terms of management standards, real
estate enterprises also must develop an evaluation method for the phased achievements of
digital innovation because digital management is a relatively unfamiliar field for real estate
enterprises. It is necessary to ensure that the development of real estate is within a reasonable
and controllable range, and continuous development of science and technology should be
evaluated and adjusted in the long-run strategy to improve digital services.

Third, real estate enterprises must transform their previous awareness and knowledge
of digitalization into practical application and greatly increase digital technology application
scenarios in upstream, midstream and downstream links to break isolation among these
factors. Owing to the high cost, real estate enterprises can take a step-by-step process in
digitalization, centralizing resources to support the implementation of digitalization strategic
objectives. The operation coordination mode can be exploratory, coordinated, centralized
and embedded. Enterprises can take an exploratory position when the overall strategy is
not established at the beginning of the digital transformation. After that, with the deepening
of the application of digitalization in enterprises, the demand for cross-departmental coor-
dination will intensify, the transition to coordinated and centralized management will be
beneficial and, finally, embedded operations management could be established.

Finally, digital human resource management of real estate enterprises should be
strengthened. Breaking the bottleneck of talent shortage is the key for real estate enterprises
to quickly master cutting-edge digital technology and apply it to operations management.
First, more talent in digital management and development should be recruited and culti-
vated, and digital technology should be adopted by enterprises in a planned way. Second,
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digital training for existing management teams and the integration of digital technology
into the real estate business can improve management efficiency within these enterprises.
Third, the digital transformation of real estate enterprises can be accelerated by cooperation
and sharing, such as establishing a digital resource-sharing mechanism, promoting resource
sharing, forming an effective cooperation model and building agile development based on
business needs.

As for the analysis of the dynamic relationship between obstacle degrees, this study
only used classical DEMATEL, and different DEMATEL models, such as fuzzy DEMATEL
and gray DEMATEL, can be explored in the future. This method was used to study the
barriers to digital operation in China’s real estate industry, but it can be applied to the real
estate industry of other countries or the field of business process management of real estate
in the future.
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Appendix A

In the process of constructing the impact factors affecting the digital operation and
management of real estate enterprises, we used the Delphi method to consult the pre-
diction opinions of expert group members through back-to-back communication. After
two rounds of consultation, the opinions of the expert group tended to be concentrated to
finally determine the index system. To follow the principle of combining representative-
ness and authority, multidiscipline and industry understanding, eight experts, including
professors of statistical management in universities and senior executives in the real estate
industry, were selected for consultation. (See the notes at the end of the text for the specific
composition of personnel).

Appendix A.1. Questionnaire Design for Expert Consultation

The first round of the expert consultation questionnaire contained three parts. The
first part comprised three first-level indicators and 19 second-level indicators of factors
affecting the digitalization of real estate enterprise operation and management. The second
part prompted evaluation of these indicators by experts, including importance score, index
familiarity and the index importance evaluation basis. The third part requested the opinions
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and suggestions of the experts on the design of indicators in the form of open questions.
The importance of indicators is measured by the five-point Likert scoring method, with 1–5
indicating Not Important, Not Very Important, Moderately Important, Important and Very
Important, respectively. The experts’ familiarity with the indicators was set as Familiar,
More Familiar, General, Less Familiar and Unfamiliar with assigned values 1, 0.8, 0.6, 0.4
and 0.2, respectively. The experts’ index for judgment basis was set as Practical Experience,
Theoretical Analysis, Reference and Intuitive Feeling with assigned values of 1, 0.8, 0.6 and
0.4 respectively.

Appendix A.2. Results of Expert Consultation

(1) Reliability of the questionnaire. Cronbach’s coefficient was used to test the reliability of
the expert consultation questionnaire by SPSS25. The reliability coefficient of the first
round was 0.828, and the reliability coefficient of the second round was 0.943, indicating
that the reliability of the two rounds of expert consultation questionnaire is good.

(2) Expert positivity. The questionnaire recovery rate is usually used as a reference
standard to indicate the degree of importance and cooperation given by experts in this
survey. The effective response rate of the questionnaires in both rounds was 100%.

(3) The degree of expert authority. Based on the two indicators of experts’ familiarity
with the indicator (Q2) and experts’ judgment basis for the indicator (Q3), the average
Q = (Q2 + Q3)/2 was adopted. This study scored 0.85, greater than 0.7, indicating that
the experts were familiar with the indicators and the judgment was based on practical
experience and theoretical analysis, which is credible.

(4) The degree of index and optimization. In the first round of consultation, the average
value of experts’ judgement was 4.250 with a coefficient of 20.9%. Referring to experts’
suggestions for open questions, modifications were conducted. First, optimizations
were made. “Digital-related system construction” and “digital management organiza-
tion” were merged into “digital system and management organization”; “managers’
willingness to invest” was moved from the upstream module to the midstream module;
the downstream module “information mining ability of competitors” was deleted, and
“the technical level of market information mining” was added. Then, in the second
round of consultation, the modified content was fed back to each expert, and then the
evaluation was conducted again. Thus, the index system of influencing factors for the
digitalization of operation and management of real estate enterprises in this study was
initially formed, including 3 first-level indicators and 18 s-level indicators.

In the FTA model analysis, the index composition of influencing factors was used in
the obstacle index system.

Appendix B. Questionnaire on Digitalization of Operation and Management of Real
Estate Enterprises

Dear friends: with the continuous development of technology, the real estate industry
has brought a fortune to the global economy. However, at present, real estate enterprises are
still using traditional management methods. We guess that through innovation of the digital
value chain that meets the requirements of the industry, the operation and management of
real estate enterprises will be promoted, the core value chain of my country’s real estate
enterprises will be optimized, and the core competitiveness will be continuously improved
to achieve efficient operation. Therefore, we are conducting a survey on the current situation
of digital value chain innovation for real estate companies and the obstacles they face, and
we would like to invite you to take a few minutes to help answer this questionnaire.

This questionnaire is anonymous, and all data will only be used for statistical analysis.
Your opinions are very important to our research. We sincerely hope that you will take
time out of your busy schedule to assist us in completing this questionnaire. There is no
right or wrong question option, please fill in the answer according to the actual situation.
Sincere thanks for your support and help!



Buildings 2023, 13, 100 27 of 32

I. Basic information

1. Your gender:

A. Male
B. Female

2. Your age:

A. 20–30 years old
B. 31–40 years old
C. 41–50 years old
D. over 51 years old

3. Your education level:

A. High school and below
B. Specialty
C. Undergraduate
D. Postgraduate and above

4. Your occupation:

A. Top management team
B. Investor
C. Designer
D. Financier
E. Marketing planner
F. Project staff
G. Developer
H. Cost buyer
I. Operator
J. Commercial operator
K. Property staff
L. Other personnel

5. Your years of experience in real estate:

A. Under 5 years
B. B 5–10 years (excluding 10 years)
C. 10–20 years (excluding 20 years)
D. 20 years and above

6. Your monthly income:

A. Below 8000 yuan
B. 8000–20,000 yuan
C. 20,001–50,000 yuan
D. 50,000 yuan and above
E. Keep secret

7. The province you work in is _____
8. Annual sales of your company:

A. 200 billion and above
B. 100–200 billion (excluding 200 billion)
C. 50–100 billion (excluding 100 billion)
D. 10 billion–50 billion (excluding 50 billion)
E. Less than 10 billion

9. Your institution is affiliated with:

A. Group
B. Area
C. City
D. Project
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10. Is your company a listed company?

A. Yes
B. No

II. Current situation awareness

11. How much do you know about digital real estate?

A. Do not know
B. Not sure
C. General understanding
D. Comprehension
E. Know very well

12. Which of the following digital technologies do you know? (multiple choice)

A. Artificial Intelligence (AI)
B. Big Data
C. Virtual Reality Systems (VR)
D. Cloud Computing Technology
E. Software as a Service (SaaS)
F. Augmented Reality (AR)
G. Blockchain
H. Wearable Gadgets/Devices
I. UAV, Automatic Control System
J. Internet of Things
K. 3D Printing
L. 3D Scanning
M. Others

13. Is your company currently using digital technology? (Answer: “No” skip to
question 15)

A. Yes
B. No
C. Do not know

14. Which digital technologies do your company use?

A. Artificial Intelligence (AI)
B. Big Data
C. Virtual Reality Systems (VR)
D. Cloud Computing Technology
E. Software as a Service (SaaS)
F. Augmented Reality (AR)
G. Blockchain
H. Wearable Gadgets/Devices
I. UAV, Automatic Control System
J. Internet of Things
K. 3D Printing
L. 3D Scanning
M. Others

15. Is your company willing to use digital technology? (Answer: “No” skip to
question 17)

A. Yes
B. No

16. Which digital technologies would your company be willing to use? (Multiple
choice)

A. Artificial Intelligence (AI)
B. Big Data
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C. Virtual Reality Systems (VR)
D. Cloud Computing Technology
E. Software as a Service (SaaS)
F. Augmented Reality (AR)
G. Blockchain
H. Wearable Gadgets/Devices
I. UAV, Automatic Control System
J. Internet of Things
K. 3D Printing
L. 3D Scanning
M. Others

17. What impact do you hope to bring to your company by adopting digital
technology?

A. Improve productivity
B. More standardized operation
C. Broaden information dissemination channels
D. Diversification of sales channels
E. Reduce manufacturing cost
F. Strengthen risk control
G. Others

III. Barriers to digital technology

18. [Matrix Scale Questions] Please rate the barriers your company encounters
when using digital technology or the reasons for not using digital technology.
Please choose according to the actual situation. (1–5 indicates the degree from
low to high)

Barriers Degree

Difficulty in obtaining data on product design and customer needs 1 2 3 4 5

Outdated current technology and low efficiency 1 2 3 4 5

Lack of information talent and high cost of digital software 1 2 3 4 5

Enterprises’ lack of knowledge of new technologies 1 2 3 4 5

High cost and imperfect infrastructure 1 2 3 4 5

Lack of understanding of new technologies 1 2 3 4 5

Lack of data management and data repository 1 2 3 4 5

Enterprises’ development strategy and institutional constraints 1 2 3 4 5

Managers’ lack of willingness to invest 1 2 3 4 5

Lack of digital systems and management organizations 1 2 3 4 5

Lack of digital policy guidance 1 2 3 4 5

Poor cooperation between stakeholder enterprises 1 2 3 4 5

Poor organization and coordination of various departments within the
enterprise 1 2 3 4 5

Enterprises’ lack of sufficient dynamic sales information 1 2 3 4 5

Insufficiency of industry regulations, standards and supervision 1 2 3 4 5

Lack of advanced technology in market information mining 1 2 3 4 5

Low customer acceptance of digital marketing 1 2 3 4 5
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