
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/378213260

A Systematic Review of the Digital Transformation of the Building

Construction Industry

Article  in  IEEE Access · March 2024

DOI: 10.1109/ACCESS.2024.3365934

CITATIONS

14
READS

1,662

5 authors, including:

Murat Gunduz

Qatar University

155 PUBLICATIONS   2,763 CITATIONS   

SEE PROFILE

Fahid Alhenzab

Qatar University

3 PUBLICATIONS   17 CITATIONS   

SEE PROFILE

Hamed Al-Hababi

Qatar University

3 PUBLICATIONS   17 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Murat Gunduz on 03 March 2024.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/378213260_A_Systematic_Review_of_the_Digital_Transformation_of_the_Building_Construction_Industry?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/378213260_A_Systematic_Review_of_the_Digital_Transformation_of_the_Building_Construction_Industry?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat-Gunduz-2?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat-Gunduz-2?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Qatar-University?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat-Gunduz-2?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fahid-Alhenzab?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fahid-Alhenzab?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Qatar-University?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fahid-Alhenzab?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamed-Al-Hababi?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamed-Al-Hababi?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Qatar-University?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamed-Al-Hababi?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat-Gunduz-2?enrichId=rgreq-f0990ea91dd665e57ed1e7ee4c681264-XXX&enrichSource=Y292ZXJQYWdlOzM3ODIxMzI2MDtBUzoxMTQzMTI4MTIyNzA5ODg1OEAxNzA5NDUwODAzMzU4&el=1_x_10&_esc=publicationCoverPdf


Received 24 January 2024, accepted 10 February 2024, date of publication 13 February 2024, date of current version 4 March 2024.

Digital Object Identifier 10.1109/ACCESS.2024.3365934

A Systematic Review of the Digital
Transformation of the Building
Construction Industry
KHALID K. NAJI 1, MURAT GUNDUZ 1, FAHID HAMAD ALHENZAB 2,
HAMED AL-HABABI 2, AND ABDULLA HAMAD AL-QAHTANI 2
1Civil and Environmental Engineering Department, College of Engineering, Qatar University, Doha, Qatar
2Engineering Management Department, College of Engineering, Qatar University, Doha, Qatar

Corresponding author: Hamed Al-Hababi (ha099923@student.qu.edu.qa)

ABSTRACT Construction sector spending makes a significant contribution to the global economy, with
approximately $10 trillion being spent on building and construction activities annually. However, the
construction industry has traditionally been perceived as slow to adapt to new technologies compared
to other sectors. Recently, the construction industry has experienced a substantial shift towards Digital
Transformation. As new technologies have emerged, the construction industry has begun to realize the
importance of Digital Transformation in the pre-construction, construction, and facility management phases.
A high degree of Digital Transformation has been seen regarding site monitoring, wearables, sensors, and
identifying hazards. This paper intends to sketch a global picture of digital technologies implemented in the
construction industry throughout the entire project lifecycle. By fully analyzing more than 200 papers, the
paper finds that various aspects of the construction industry, including technologies, policies, regulations, and
infrastructures, are still in the early stages of Digital Transformation. The findings from this review will help
researchers and practitioners in the construction industry understand the global picture of digital technology
implementation and where the construction industry stands in the Digital Transformation process. This paper
also serves as a starting point for future work on Digital Transformation in the construction industry. The
research paper is limited to vertical aspects in building projects and does not include horizontal integration.
Finally, this study will give a guideline with successful examples of which technologies are being used in
specific phases, so future researchers can get a holistic view of the use of digital technology in the entire
building environment.

INDEX TERMS Digitalized construction industry, digital construction, digitalization, digital transformation,
pre-construction, construction, facility management, industry 4.0 technologies, construction 4.0, emerging
technologies, critical success factors, smart buildings, infrastructure, policies.

I. INTRODUCTION
The Construction industry has benefited considerably from
the shift from traditional to digital transformation require-
ment worldwide. Numerous technologies have been utilized
recently in the building life cycle. Building InformationMod-
eling (BIM), virtual reality, augmented reality, mixed reality,
3D printing, cloud computing, artificial intelligence (AI), big
data, and the internet of things (IoT) are all examples of dig-
ital technologies, in addition to robotics, drones (unmanned
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aerial vehicles), mobile and wearable devices, and smart data
3D printing, cloud computing, artificial intelligence (AI),
big data, and the internet of things (IoT) are all exam-
ples of digital technologies, in addition to robotics, drones
(unmanned aerial vehicles), mobile and wearable devices,
and smart data [1]. However, it has been determined that the
construction industry is a delayed adopter of digital inno-
vations. Due to the fragmented nature of the construction
industry, these technologies operate in silos, making inte-
gration mandatory. Therefore, the digital transformation
roadmap is mandatory to reduce fragmentation and ensure
the high performance and productivity of the construction
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industry. The construction industry is experiencing sig-
nificant benefits from the implementation of emerging
technologies, which have improved productivity and effec-
tiveness across various aspects of construction projects.
These technologies, such as Digital Transformation, have
had impacts across the entire project lifecycle, from pre-
construction, construction to the facility management phase.
Digital Transformation improves the identification of poten-
tial design and construction issues, facilitates collaboration
between stakeholders, and enhances the integration of peo-
ple, processes, and context within a built environment [2],
[3], [4]. In addition, [5] explains that the Cyber-Physical
System.

(CPS) framework, developed based on five primary devel-
opment environments, has shown significant positive effects
on completion times and quality in construction projects.
However, [6] stated that adopting new technologies in the
construction industry faces challenges such as the absence
of relevant policies and regulations, project complexity, and
the industry’s fragmented nature. Furthermore, [7] mentioned
that upper management in the construction sector must priori-
tize Digital Transformation initiatives and implement them in
the vision and mission statements of public and private sector
organizations. The paper places significant emphasis on the
vertical dimensions of construction projects while neglecting
horizontal integration in order to delve extensively into the
three phases of vertical integration. Specifically, it examines
pre-construction, construction, and facility management as
distinct phases within buildings.

A. RESEARCH GAP
Previous research papers examine the advantages, method-
ologies, and challenges that hinder implementing digital
transformation within the construction domain. Nevertheless,
as far as the authors are aware, and as indicated by the
summary table of the previous literatures, there has been
limited effort to mention a global review of digital technolo-
gies’ usage, benefits, and challenges in the three core phases
of preconstruction, construction, and facility management.
Most of the paper delineates distinct technologies or con-
centrates on specific phases. From this point, the primary
objective of this paper is to provide a comprehensive exami-
nation of articles that present digital technologies within the
construction sector, focusing on their proven effectiveness.
By conducting a comprehensive review of the latest literature
on the application of digital technologies in the construc-
tion industry, as well as the policy and infrastructure drivers
that influence the industry’s digital transformation, this study
contributes to the body of knowledge of the digital trans-
formation aspects in the construction industry. Furthermore,
the paper investigates the infrastructure and policies neces-
sary to facilitate digital transformation during these phases.
Therefore, it hereby fills the gap concerning the three phases
(pre-construction, construction, and facility management) for
which articles highlight specific technologies.

B. DIGITAL TRANSFORMATION CONCEPT IN
CONSTRUCTION INDUSTRY
To understand the terms of digital transformation, [8] define
digital transformation as an endeavor to empower established
business models by integrating cutting-edge technologies.
According to [9], digital transformation is a process that inte-
grates information, storage, communication, and networking
technologies to revolutionize services by substituting man-
ual procedures for digital ones or upgrading obsolete digital
technology to more recent iterations. As a result, it has been
demonstrated that Digital Transformation can impact any
sector or organization [10]. It is a ‘‘digital technology-based
improvement’’ to the business process, according to [11].
Digital Transformation is defined by [12] as ‘‘an ongoing,
complex endeavor that has the potential to influence an
organization and its activities significantly.’’ Digital Transfor-
mation is defined by [13] as a disruptive change process. It has
been acknowledged that construction companies can gain a
competitive advantage in themarket through the adoption and
readiness of digital technologies [14], [15]. To enhance the
feasibility and scope of digital technology implementation
in the construction sector, numerous scholars have identified
the obstacles, difficulties, and approaches associated with
the integration of various digital technologies [5], [16], [17].
Although different technologies may have their own set of
problems with adoption, common issues include a lack of
knowledge and understanding about how to use technolo-
gies, large initial investments, problems with the technology
itself, and legal and contractual issues when using those
technologies [18]. Additionally, [19] explains twenty-one pri-
mary obstacles that delay digitalization and innovation after
reviewing 72 articles. The obstacles are classified into the
technology-organization-external environment (TOE) classi-
fications in the real estate field, with particular emphasis on
the construction industry.

C. RESEARCH METHODOLOGY PROCESS
The study employs a three-step methodology to do a com-
prehensive systematic review and analysis, focusing on the
potential of adopting digital transformation and address-
ing existing difficulties and barriers within the construction
industry. The first step involves the identification of digital
transformation initiatives implemented within the construc-
tion industry, as derived from the literature review conducted
on Scopus, Google Scholar, Web of Science. The review
included papers from ASCE Library. The studies have
enabled the identification and selection of digital transforma-
tion in terms of digital technologies, policy, regulation, and
infrastructure based on keyword analysis and are represented
in Figure (11). The second step involves using digital transfor-
mation and related terminology as keywords for a literature
search through a publishing database. The third step involves
a comprehensive examination and qualitative evaluation of
the findings obtained from the database search outcome. The
methodology used for the present review. In comparison to
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FIGURE 1. Research methodology process.

other databases, this database has a comprehensive scope,
including high-quality papers within the field of building,
as well as interdisciplinary study subjects [20]

The following are the objectives of this study:
1) Provide a global review of recent papers that describe

digital technologies and their application in the con-
struction industry (specifically the pre-construction,
construction, and facility management phases) from
2008-2023.

2) Discuss the pervious literature review articles related
to Digital Transformation and their limitations in the
construction industry along with pre-construction, con-
struction, and facility management.

3) Explain the requirement of policy and infrastructure
to implement successful digital transformation in con-
struction industry.

4) Discuss the future of digital transformation applica-
tions for the building construction industry.

5) Address future work related to the construction indus-
try’s digital transformation in the context of the phases
identified in the literature review and limitation of this
study.

This paper is organized as follows: Section I introduces crit-
ical themes, such as the concept of digital transformation in
the construction industry and the importance of digital trans-
formation as a crucial driver of high-performance building
construction industry. Section II presents a comprehensive
literature review of Digital Transformation aspects in the
construction industry. Section III concerns the implication
of Digital Transformation application in the construction
industry. Section IV discusses the lessons learned and recom-
mendations. Finally, Section V presents the conclusion and
directions for future work.

II. LITERATURE REVIEW AND EXPERIMENT
It is important to acknowledge that the current body of
research on technology readiness in the construction industry
is fragmented, with most studies concentrating on the adop-
tion of particular and specific Digital transformations [21],
[22], [23], [24]. Additional research, including that of [17]

and [25], was limited to identifying obstacles that hinder
individuals’ adoption of technology. In recent years, how-
ever, the construction industry has been confronted with
more complex challenges (particularly those arising from
megaprojects), and significant transformations have resulted
from implementing numerous technological solutions [26].
AI-BIM [27], AR-BIM–robotic [28], and robotic-laser scan-
ning [29] serve as noteworthy illustrations of the integration
of multiple technologies within the realm of construction.
Nevertheless, construction companies continue to face a lack
of guidance and tools that can effectively assess their tech-
nological adoption performance and enable them to attain
technological competence or readiness [30]. For example,
the study by [31] acknowledges the criticality of digital
transformation in the construction industry for substantial
productivity increases. Nevertheless, a thorough examination
of the Sri Lankan context regarding the development of a tool
to evaluate the preparedness of the construction industry for
digital transformation has yet to occur. Digital technology
can play a crucial role in preventing the misuse of formwork
systems like Mivan.

A. SELECTING RELEVANT PAPERS THROUGH DATABASES
The authors identified relevant papers on implementing digi-
tal transformation in buildings in Figure (2). First, obtaining
articles related to digital transformation in the construction
industry based on Scopus, Google Scholar, and Web of Sci-
ence through ‘‘identification’’. The keyword was used on
‘‘Digital transformation’’, and ‘‘Technology transformation’’
in Scopus, Google Scholar, and Web of Science were (834)
articles. The articles were specified in the English language
from 2008-2023. After removing duplicates in the remaining
articles, (748) were identified as related to digital trans-
formation. After that, (546) were identified through record
screening by title and abstract. Also, (202) were excluded
due to not being relevant to the construction industry. Next,
(403) articles that have full text assessed for eligibility and
(143) were not specified in building projects. Then, (15) were
excluded that are not available to find as well as not related
to Digital Transformation in building construction industry.
Finally, (387) studies based on qualitative and quantitative
data were included in Figure 2.

This paper employed filtering and specific keywords to
identify relevant literature from the Scopus, Google Scholar,
Web of Science. The review included pers from ASCE
Library databases. Figure 2 shows the systematic literature
search process for identifying and selecting publications
focused on the construction industry’s. Since there were lim-
ited resources before 2008, this research focuses on the stud-
ies from 2008-2023. In the initial phase, the authors searched
for papers published between 2008 and 2023 using the key-
words ‘‘Digitalized construction,’’ ‘‘Digital construction,’’
‘‘Digital transformation,’’ ‘‘Pre-construction,’’ ‘‘Construc-
tion,’’ ‘‘Facility management,’’ ‘‘Industry 4.0 technologies,’’
‘‘Construction 4.0,’’ ‘‘digital technologies,’’ ‘‘Smart con-
struction management,’’ and ‘‘Smart buildings.’’
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FIGURE 2. Methodology for selecting and shortlisting articles.

The following line graph shows in Figure 3 an increase in
the number of academic articles analyzing the adoption of
digital technologies in the construction industry over the last
few years (2008–2023). As a result of this study’s emphasis
on the digital transformation in the construction industry, the
number of articles steadily increases, as other sectors are
knowledgeable of the benefits linked to its adoption, such
as education, healthcare, and manufacturers. As shown in
the last few years, there has been a growing focus among
construction companies on digital technologies with the aim
of identifying potential benefits such as enhanced productiv-
ity, reduced expenses, stakeholdermanagement, a digitalizing
process, and improved industry performance.

Subsequently, the digital technologies commonly utilized
in the construction industry are classified. This investigation
is of the utmost importance in comprehending the diverse
applications of digital technology. Figure 4 illustrates the
number of articles on each technology over the past few
years, from 2008 to 2023.it becomes evident that Building
Information Modeling (BIM) has gained the greatest number
of articles, equal to 81, throughout the years. As a result,
BIM implementation has become a predominant focus in
the construction industry throughout all stages of building
projects. Furthermore, the number of articles devoted to Inter-
net of Thing, Artificial Intelligence, and Digital Twins (DT)
are 38 articles in Internet of Thing, 40 articles in Artifi-
cial Intelligence followed by 33 articles on digital twins.
This highlights the significance that the construction industry
places on data analytics and asset monitoring for the duration
of project life cycle. By bringing cutting-edge technology that
improve productivity and streamline procedures, construction

robotics and automation are transforming the building sec-
tor. Construction robotics refers to the use of machines that
can carry out repetitive operations like laying bricks, tying
rebar, and even erecting entire structures on their own. This
decreases labor costs and increases accuracy. The construc-
tion sector is experiencing a surge in interest in robotics, with
25 articles highlighting its practicality in buildings. However,
challenges such as high implementation costs, specialized
training, and ethical considerations like job displacement
need to be addressed. The optimism in robotics suggests
a need for a balanced examination of its broader implica-
tions and practicality in construction processes. Furthermore,
Robotics shed the light of a positive trend towards automation
and efficiency. Numerous articles have also referred to a
variety of other technologies, including drones, 3D printing,
virtual reality, augmented reality, GIS, and Cyber-security.
In summary, although literature reviews have been conducted
on digital technologies within the construction sector, most
of them have focused on technologies or phases. The follow-
ing section will examine the table containing prior literature
reviews pertaining to this field of study.

In Figure 5, shows the interdependent ties among all twelve
technologies. The numeral within the circular shape rep-
resents the overall quantity of research articles that have
been published on each respective technology. The numerical
value displayed on the widened bar connecting two technolo-
gies represents the number of research publications that have
used both technologies. Additionally, the width of the bar
is directly proportional to the extent of overlap between the
two technologies. Specifically, the orange bars demonstrate
that all publications pertaining to IoT, GPS, laser scanning,
Cybersecurity, and blockchain simultaneously incorporated
BIM technology, suggesting a significant reliance on BIM.
BIM serves as the primary nexus connecting to other tech-
nologies. Furthermore, it should be noted that articles on
Internet of Things (IOT) are interconnected with a wide range
of technologies, including Building Information Modelling
(BIM). There is a lack of research specifically focused on the
integration of Building Information Modelling (BIM) with
robotics in the construction industry. Moreover, the intercon-
nectedness of robotics and Building Information Modelling
(BIM) in the construction industry can be investigated and
further analyzed.

According to Figure 6, The number of articles were
established in 61 different countries related to digital trans-
formation in construction industry in buildings. In addition,
it shows that Asia has 173 articles which China has the
largest number of publications papers are 49 articles. Digital
transformation has become a trend in Asia, in which nations
invest in research and development. In Europe it indicated
that Europe are second with 149 articles which Austria has
29 articles. In Africa it shows that 29 articles were identi-
fied which South Africa has 12 articles. In North America,
it shows that 38 articles which United States of America
has 27 articles. Finally, South America were the last which
indicated there is only one article which established to Brazil.
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FIGURE 3. Number of articles per years.

FIGURE 4. Number of published articles related to digital transformation.

Moreover, Digital transformation is an acceleration initiative
which indicate that Asia, Europe, and other continents believe
that Digital transformation is technologically driven trends
that to facilitate communication between stakeholders to allo-
cate resources and improve efficiency and productivity.

Previous research papers examine the variety of advan-
tages, methodologies, and challenges that hinder implement-
ing digital transformation within the domain of construction.
Nevertheless, as far as the authors are aware, and as indi-
cated by the summary table of the previous literatures,
there has been limited effort to mention a global review
of digital technologies’ usage, benefits, and challenges in
the three core phases of preconstruction, construction, and

facility management. Most of the paper delineates distinct
technologies or concentrates on specific phases. From this
point, the primary objective of this paper is to provide a
comprehensive examination of articles that present digital
technologies within the construction sector, focusing on their
proven effectiveness. By conducting a comprehensive review
of the latest literature on the application of digital tech-
nologies in the construction industry, as well as the policy
and infrastructure drivers that influence the industry’s digital
transformation, this study contributes to the body of knowl-
edge. Furthermore, the paper investigates the infrastructure
and policies necessary to facilitate digital transformation
during these phases. Therefore, it hereby fills the gap con-
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FIGURE 5. Bubble chart for mapping results showing the relationship of digital technology in construction industry for buildings.

cerning the three phases (pre-construction, construction, and
facility management) for which articles highlight specific
technologies. The research paper is limited to the vertical
integration project and does not include horizontal integra-
tion. Finally, by conducting this study, it will give a guideline
with successful examples of which technologies are being
used in specific phases, so future researchers can get a holistic
view of the digital technology usage in the entire building
environment.

B. TECHNOLOGY AS A FACTOR OF DIGITAL
TRANSFORMATION OF BUILDING CONSTRUCTION
MANAGEMENT
This section discusses the technologies, policies, and infras-
tructure factors mentioned in the literature review and
presents the importance of these factors in achieving Digital
Transformation.

1) DRONES
Drones or unmanned aerial vehicles (UAVs) are increasingly
used in the construction industry due to their efficiency and
cost-effectiveness in pre-construction site surveying. One
advantage of UAVs is their ability to provide a comprehensive
view of the construction site, which can help to identify
potential challenges and opportunities for the project. Drones
can identify potential risks and areas requiring maintenance,

remotely tour a property, survey properties, and aid in the
creation of as-built property drawings [31]. According to [33]
and [34], Capture high-resolution aerial images of construc-
tion sites in the construction phase, develop 2D and 3Dmaps,
and help pinpoint potential construction hazards. Drones
can also measure the topography of a construction site,
develop accurate site models, and monitor construction sites
in real-time, providing real-time footage to site managers and
workers. They help reduce project costs, minimize the envi-
ronmental impact, and continuously monitor construction
sites to detect potential issues before they become signif-
icant problems [34]. Drones have become a valuable tool
for construction project management. They provide accurate
and up-to-date information on the project’s progress, improve
safety, reduce the need for in-person communication, and,
during public health emergencies such as the Covid-19 pan-
demic, enable social distancing [35].When used to aid facility
management, UAVs help perform maintenance tasks such as
cleaning and roof repair [36] and can be used to inspect build-
ing exteriors, including roofs and facades, without needing
physical access. Reference [37] mentioned that this tech-
nology can help identify maintenance needs and reduce the
need for workers to face the hazards of working at heights.
Drones can also be used to capture high-resolution images
and videos of building components, which can be used to
support maintenance activities.
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FIGURE 6. Number of authors and institutions based on published papers.

FIGURE 7. Application of digital technologies in various project phases.

2) DIGITAL TWINS
As construction technology advances, Digital Twins (DT)
are becoming an increasingly important tool for construction
management, providing significant benefits to the indus-
try [38]. DT are virtual replicas of physical assets or systems
that simulate, monitor, and optimize performance [39]. There
are few literature reviews on the application of digital twins
in pre-construction, but the evidence that exists indicates
that they can improve safety by simulating hazardous sce-
narios and assessing project risks by identifying potential
bottlenecks or areas of efficiency [40]. They also improve
quality control by identifying potential issues before con-
struction begins [41]. In addition, they facilitate collaboration
between stakeholders [42]. DT help develop safety protocols
and training programs, mitigate potential risks, reduce the
likelihood of costly rework or delays, and enable effective
communication and real-time collaboration [43]. By provid-

ing a virtual replica of a physical asset and enabling real-time
monitoring and data analysis, DT are becoming increasingly
crucial in facility management. Moreover, DT can be used to
model building components and systems, such as HVAC and
lighting systems. These digital models can simulate operating
scenarios, predict performance, and optimize maintenance
activities, for example, during the operation and mainte-
nance [44]. This underlines the necessity of adopting DT
applications and comparing the traditional methods of facil-
ity management with DT-driven facility management [45].
It has been demonstrated that a cloud based DT may be used
to develop accurate information on a physical facility, sup-
porting improved decision-making for facility management
practitioners. For instance, [46] discussed the development
of DT and the outcomes of a test campaign and sensor evalu-
ation and concluded that digital twins can streamline facility
management operations and improve the energy efficiency of
buildings.

3) IoT
The Internet of Things (IoT) is the interconnected network
of physical objects with sensors, software, and network con-
nectivity [47]. According to [48], during pre-construction,
managing resources and equipment requires significant time,
reducing productivity. There is a potential solution in that
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TABLE 1. Summary of Systematic Review on previous articles.
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TABLE 1. (Continued.) Summary of Systematic Review on previous articles.
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TABLE 1. (Continued.) Summary of Systematic Review on previous articles.

it is possible to capture and record elevation from one
place to another through GPS. In construction, using an IoT
approach can improve efficiency, safety, and sustainability.
Furthermore, sensors can monitor temperature, humidity, and
air quality; wearables can monitor worker safety and pro-
ductivity; and real-time site maps can be used to identify
danger zones and optimize construction processes [49]. IoT
devices can also help to reduce waste, prevent accidents
and injuries, and improve inventory management [50]. IoT
will likely become increasingly important for construction
management as construction technology advances. In the
facility management phase, the availability of IoT systems
is crucial for collecting real-time data, enabling predic-
tive maintenance, optimizing space usage, improving energy
management, and enhancing building safety. An IoT network
facilitates communication and information sharing between
users [51]. IoT systems may facilitate quicker or real-time
decision-making when combined with large data sets. Ref-
erence [52] demonstrated that IoT technologies can improve
the interaction between users and the built environment
while facilitating communication via intelligent digital inter-
faces. Reference [53] noted the use of BIM and IoT for
the intelligent scheduling of maintenance work and empha-
sized the potential for these technologies to improve facility
maintenance activities in the context of building mainte-
nance. In addition, [54] emphasized the significance of
radiofrequency identification (RFID), which is regarded as
a technology enabling IoT.

4) 3D PRINTING
According to [55], 3D printing, also known as additive
manufacturing, is a technology used to produce 3D objects
by layering materials. It can produce prefabricated struc-
tures, building components, and construction materials. It can

reduce construction time, costs, and waste and improve qual-
ity control [56]. There is, notably, little literature on the
applications of 3D printing in pre-construction. 3D printing
can produce precast concrete panels, concrete walls, and
mortar for walls and facades [57]. 3D printers can be part of
Construction 4.0 with a focus on transport constructions [58].
In addition, 3D printing has been used by Chinese companies
to produce structural elements and to print concrete houses
[59]. Few researchers have explored 3D printing in facil-
ity management, although it has been shown to efficiently
produce replacement parts and customized components. Ref-
erence [60] mentioned the necessity of integrating BIM with
3D printing, but this approach is still not used in the building
facility management process. The use of additive manufac-
turing also mitigates the cost of higher-skill labor, reduces
construction time and production costs, and improves safety
for workers [61].

5) ROBOTICS
Robotics and automation are becoming increasingly essen-
tial in the construction industry as they optimize equipment
operations, enhance safety, enhance the understanding of
the work environment, and ensure a high-quality environ-
ment for building occupants [62]. No literature reviews have
examined robotics applications in the pre-construction stage,
with most being primarily concerned with the construction
phase. Robotics can be utilized for modular construction,
wall spraying, producing precast walls and complex struc-
tural elements, excavation processes, construction material
inspection, material selection, and assisting workers with
bricklaying and landscaping, among other manual tasks [9],
[63], [64], [65], [66], [67], [68], [69]. Recently, robots have
also been integrated into various sectors of the facility man-
agement industry [70] proposed using programmable robots
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to diagnose human vital signs. Furthermore, [71] identified
a robotics framework for performing facility tasks such as
cleaning, painting, facade removal, fire safety, and building
inspection.

6) BIM
BIM is a digital representation of a construction project that
employs 3D models, data, and intelligent objects to facilitate
the project’s planning, design, construction, and operation.
In the pre-construction phase, BIM can enhance project team
collaboration, decision-making, and communication. BIM is
transforming the construction industry and increasing pro-
ductivity through the use of clash detection to maintain safety
and quality standards and to improve project effectiveness,
cost management, and quality management [3], [72], [73].
Reference [74] highlighted the importance of BIM usage in
the construction industry, while [75] mentioned the use of
BIM applications to optimize layout spaces. BIM provides
a 3D model of a building that can be used for planning,
design, construction, and operations [76]. It is particularly
beneficial for the pre-construction design process, including
the design of space layouts. BIM helps designers visualize
and analyze the structure of the building’s spaces, identifying
potential issues and optimizing the use of space [77]. During
the building phase, projects encounter novel and intricate
obstacles, including heightened project intricacy, executing
many client adjustments in the execution phase, and func-
tioning in unpredictable circumstances. Project management,
performance measurement, design management, client value,
culture, human factors, supply chain management, informa-
tion technology, safety, waste management, and complexity
are just a few of the areas where BIM and lean construc-
tion are closely related [78]. In the facility management
phase, BIM is crucial to integrating datamanagement systems
like computer-aided facility management and computerized
maintenance management systems, forming a crucial part
of the Digital Transformation of facility management [79],
[80], [81].

7) AI
Artificial Intelligent (AI) has substantially enhanced business
operations, service processes, and construction industry out-
put. Its adoption has resulted in increased automation and
competitive advantages over traditional methods. A compre-
hensive critique, however, would necessitate a more in-depth
examination of the potential ethical concerns and biases
associated with AI and its impact on the job market and
human decision-making [82]. In pre-construction manage-
ment, AI can enhance the selection of contractors in the
tendering stage by analyzing data and criteria to identify
the most suitable candidates based on factors such as past
performance, experience, expertise, and price. The litera-
ture shows that technology usage positively impacts the
tendering process, especially when evaluating the submit-
ted tenders of the contractors [83]. AI can reduce bias and

subjectivity in the decision-making process by analyzing
data objectively, ensuring the selection of the most quali-
fied and capable contractors [84]. AI algorithms can also
improve the efficiency of the contractor selection process by
quickly analyzing large amounts of data to identify the best
candidates, thereby reducing the time and costs associated
with the tendering process [85]. Furthermore, by analyzing
past performance and relevant data, AI can help ensure the
selection of contractors that have a proven track record of
delivering high-quality work and meeting project require-
ments. Despite these benefits, human expertise and judgment
are still essential in reviewing and verifying AI analysis
results, as AI is not a replacement for human professionals.
AI can also be used in the construction phase to improve
efficiency, safety, and productivity [86]. It can analyze data
on materials and properties to help make informed decisions
on material selection, and it can analyze large amounts of
data to identify patterns and improve decision-making. AI can
also improve worker safety by monitoring vital signs and
alerting workers to potential hazards, in addition to enhancing
communication and coordination between different teams
and equipment on a construction site [87]. Additionally,
AI can improve decision-making by analyzing large amounts
of data on construction projects to identify trends and pat-
terns [88]. As construction technology advances, AI will
likely become an increasingly important tool for construction
management [89]. Both AI and machine learning (ML) can
be used in facility management to predict maintenance needs
before they occur. Such predictive facility management can
help reduce downtime and extend the life of building systems.
Researchers have explored the use of AI and ML in facility
management, revealing that they can effectively predict main-
tenance needs. The use of AI in the operation of buildings
has gained traction among industry professionals. According
to [90], many researchers indicate that AI enhances digital
twin technology’s sensing and actuation capabilities. Ref-
erence [91] listed AI as a predictive diagnostic tool in the
healthcare industry.

8) BLOCKCHAIN
Pre-construction project tendering procedures currently in
use are centralized and depend on the participation of a third
party; these procedures raise serious issues with data security,
transparency, and traceability because bidders are dependent
on the authority and impartiality of the process organizer [92].
One potential use case for blockchain technology is in man-
aging construction contracts. Another is in managing project
cost control [93]. Incorporating blockchain technology into
an organization’s cloud system can improve collaboration and
communication among team members. Using a cloud-based
blockchain system, all parties involved in a construction
project can access the same data in real-time, regardless of
location [94], [95]. Blockchain can also enhance transparency
and trust in construction projects by facilitating progress
payments through time deliverables [96]. Blockchain tech-

VOLUME 12, 2024 31471



K. K. Naji et al.: Systematic Review of the Digital Transformation of the Building Construction Industry

nology enables automated procurement and supply chain
management in the facility management stage through smart
contracts. Reference [97] developed a prototype system for
implementing blockchain technology into smart buildings
for managing repairs and service maintenance. In the proof-
of-concept prototype presented by the authors, blockchain
technology enabled the formation of smart contracts for facil-
ity controls and administration of repairs by timely detecting
defects by sensors.

9) GIS
Geographic information systems (GIS) can be used in
pre-construction to analyze geographic data to make
informed decisions about land development; for example,
analysis of changes in soil resources can help to determine the
best locations for building projects [98]. This technology has
the potential to provide significant benefits in construction,
and as construction technology continues to advance, it is
likely to become an increasingly essential tool for construc-
tion management [99]. GIS is used in facility management by
integrating maps with UAVs data for planning, environmental
monitoring, and safety surveillance [51]. GIS is also a helpful
tool for large-scale space management and optimization. The
accumulation and analysis of geospatial data supports various
information systems and business procedures for the admin-
istration of facilities within buildings. For instance, space
availability, utilization, and optimization can be evaluated
across complexes to enable large-scale building operations.

10) AR/VR
VR is the development of virtual environments can enhance
comprehension among construction project stakeholders
and elevate their ability to complete projects successfully.
VR technologies can improve efficacy and efficiency in
a project’s design, planning, and construction [100]. Aug-
mented reality (AR) is an advanced computer technology
that provides significant benefits to the construction indus-
try through simulation and visualization, such as allowing
the observer to interact with both actual and virtual objects
in order to monitor construction progress and compare the
as-planned and as-built statuses of the project [101]. During
pre-construction, the literature indicates that VR-supported
design review enables users to identify marginally more
flaws in a 3D model than when using the conventional
CAD software method on a PC screen [102]. VR supports
clash detection, stakeholder engagement, and communica-
tion [103]. Furthermore, VR integration with design in the
pre-construction phase can benefit project teams by providing
a realistic building design experience and improving design
visualization, enabling project teams to make more informed
decisions. Contractors can also use VR to review designs
with stakeholders and receive real-time feedback, allowing
them to adjust [104]. They can perform clash detection in
VR to identify and resolve conflicts between design elements
before construction starts, reducing the risk of errors and

delays. Constructors can also use VR to simulate potential
safety hazards and plan emergency procedures. VR can help
project teams save time, reduce costs, and improve overall
project quality. AR technology can be similarly used in con-
struction to enhance collaboration, safety, and productivity.
AR/VR can enable remote collaboration between teams and
stakeholders, allowing workers can access information and
instructions hands-free through smart devices [105]. It can
capture and monitor construction progress and train workers
on complex tasks. AR/VR can also provide real-time infor-
mation on hazards and risks to enhance worker safety [106].
As construction technology advances, AR/VR will likely
become an increasingly important tool for construction man-
agement [107]. AR and VR also have the potential to
significantly transform facility management. These solutions
provide facility management personnel with improved capa-
bilities for interacting with the built environment and can
facilitate the efficient performance of operational andmainte-
nance tasks within a facility. These technologies allow users
to use VR headsets to change BIM models in real-time,
and the transfer of BIM data into VR systems can enhance
visualization and real-time monitoring compared to the use
of BIM technology alone. Additionally, [108] evaluated the
utility of AR in facility management through a case study.
Their findings showed that AR could facilitate remote col-
laboration for improved built environment management.

11) CYBERSECURITY
Cybersecurity technology is used to identify risks, threats,
and vulnerabilities for project stakeholders (e.g., owner,
designers, and contractors), entities (e.g., equipment and
assets), and processes (e.g., design-intent discussion and
sharing final models) using an agent-based modeling
approach [109]. Cybersecurity is crucial in the construc-
tion industry due to the involvement of sensitive data and
valuable assets. An extensive review of the literature sug-
gests that the applicability of cybersecurity is very minimal
in the pre-construction phase due to the nature of this
phase. However, construction sites can use cybersecurity
to monitor and protect against theft, vandalism, and other
security threats while ensuring that sensitive data, such as
financial and worker data, is only accessible to authorized
parties [110]. Secure messaging platforms and virtual pri-
vate networks can safeguard communication channels and
prevent data leaks [111]. Building designs and specifications
are developed digitally and shared with all project partici-
pants. During construction, participants are equipped with
devices to enhance their daily productivity. On most con-
struction sites, using tablets and mobile devices to collect
and share project information is now the norm [112]. Given
this trend of increasing digital management of construction
processes and data, cybersecurity is expected to become an
increasingly important tool for construction management to
protect against security threats. In the facility management
phase, secure data exchange has the potential to enhance
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the accuracy and utility of data. However, adopting digi-
tal technologies in building and facility management poses
significant cybersecurity challenges. As noted by [109], the
automation of building management processes increases the
risk of cyberattacks. Therefore, robust security measures
must be employed to safeguard data and prevent cyber threats
in such environments.

12) LASER SCANNING
Laser scanning is utilized in the pre-construction phase
of commercial building construction to produce as-built
drawings. However, the advantages of this technology are
accompanied by certain limitations, with accuracy being a
significant concern. With the increasing adoption of laser
scanning, its lack of accuracy remains a persistent chal-
lenge [113]. However, it has been successfully used to
identify clash checks for mechanical, electrical and plumb-
ing (MEP) systems with structural handles [114]. According
to [115], integratingBIMwith 3D laser scanningwill improve
construction quality control. During construction, 3D laser
scanning can be used to capture current progress in con-
struction sites [116]. [117]stated that 3D laser scanning can
capture daily on-site planned activities when combined with
site images, site videos, and tracking. In the facility man-
agement stage, 3D laser scanning can record highly accurate
measurements and extensive information on a building’s
physical elements, such as walls, floors, ceilings, and MEP
systems. This data can then be utilized to generate a virtual
3D model of the structure that can be employed for various
purposes. [118] and [119] emphasized the significance of 3D
laser scanning and photogrammetry for accurately recording
the parameters of items within structures, while according to
[120], combining UAV photogrammetry and laser scanning
data allows the development of an accurate and complete 3D
representation.

C. FACTORS IMPACTING POLICY MAKING AND
GOVERNANCE IN BUILDING CONSTRUCTION
MANAGEMENT
1) STANDARD PROCEDURES IN CONSTRUCTION
MANAGEMENT
Standardizing technology adoption in the construction indus-
try involves defining technology standards, training per-
sonnel, developing policies, monitoring performance, and
continually improving processes, as mentioned in a case
study in Ireland [121]. This standardization process can help
to ensure that technology is used effectively and efficiently
and that projects are completed on time and within budget.
Standard operating procedures should outline how a technol-
ogy is to be used, who is responsible for using it, and what
the expected outcomes are [122]. The study by [123] clearly
showed that the absence of policies and standards affects the
adoption of Construction 4.0 technologies in South Africa.
Digital Transformation highlights the importance of policies

and standards in providing a roadmap toward correctly imple-
menting technologies in construction projects.

2) STAKEHOLDER ENGAGEMENT
According to [124], stakeholder engagement brings numer-
ous advantages, such as establishing a collaborative platform
for public interest discussions, ensuring inclusivity, and fos-
tering joint action on common concerns. Stakeholders can
improve the building process by contributing to change man-
agement and technological know-how. Goals and aspirations
for Construction 4.0 must be mapped out and should involve
the development of a pilot project, definition of capabilities,
generation of data, launch of digital enterprise transforma-
tion, and plans for an ecosystem-compliant approach [125].
According to [126], BIM facilitated successful stakeholder
engagement in Malaysia to achieve Industry 4.0 early in the
project lifecycle. In addition, collaborating in real-time will
improve decision-making, planning, and management and
monitoring of resources.

3) TRAINING SESSIONS
According to [127], there is a skill gap in the industry relat-
ing to Construction 4.0 technologies. The study identified
nine factors that impact the adoption of these technologies,
including a lack of awareness or clarity concerning Industry
4.0, low job security for skilled workers, and dependence
on outside talent. The study highly recommended that indi-
viduals attend training programs related to technologies to
increase their awareness of the Construction 4.0 transforma-
tion. Also, associations and organizations should encourage
individuals to participate in training programs and aim
to attract talented employees to increase productivity and
knowledge transfer between generations. Identifying gaps
in the current skillset of project workers or new technolo-
gies and processes to be implemented is essential [128].
Providing customized training for specific roles or depart-
ments and offering ongoing support and resources such as
online resources and follow-up training sessions can also be
valuable. Training sessions for employers on the benefits of
Digital Transformation can improve productivity and effi-
ciency across the construction project lifecycle. According
to [129], upskilling and reskilling training sessions improve
organizational workforce functioning by providing a future-
ready workforce, background information regarding skills
involve in Industry 4.0, and a life-long learning framework.

D. FACTORS IMPACTING THE INFRASTRUCTURE OF
BUILDING CONSTRUCTION MANAGEMENT
A massive amount of information is transmitted from the
pre-construction phase to the construction phase, and from
the construction phase to the facility management phase.
Ensuring the proper connection, storage, monitoring, and
control of this information is essential. IT support for the
infrastructure needed to ensure a smooth flow of data is an
example of a factor facilitating the development of smart
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buildings, as indicated by [130]. Digital Transformation can
also enhance the experience of project workers and other
stakeholders; for example, the student experience of using
the systems in smart universities, whereby all data can be
managed, secured, and saved [131]. This underlines the
importance of a high-quality data connection and IT support
for the building. Another important factor is the availability
of a well-established storage and data access infrastructure,
which supports effective project management, improves col-
laboration, reduces errors, and ensures access to the latest
project data. Generally, regarding the digitalization of build-
ings, [132]outlines four essential steps: sensing, connecting,
storing, and processing data. Sensor devices and cellular
networks capable of sending massive volumes of data, such
as 5G networks, are necessary to facilitate the sensing and
connecting processes. Data storage is vital, since all data must
be saved in a safe place, whether on local servers or in the
cloud. As defined in [132], cloud computing is the capacity
to store organizational data in the cloud. Data centers and
server rooms are examples of local hardware storage sys-
tems. City representatives must understand the feasibility and
outcomes of the infrastructure and contextual factors which
enable smart cities, including information technology, proper
connection, storage capability, and people’s awareness of
technology usage [133]. To clarify the need for proper infras-
tructure, [134] defines the concept of a smart campus and its
required infrastructure, noting that communication, storage,
and IoT systems are necessary to achieve a smart campus
vision and its implementation. Also, the study outlined the
three layers of the IoT, namely the application layer, network
layer, and awareness layer. Reference [135] acknowledges
cloud computing as one of the critical infrastructure com-
ponents for managing corporate data, mainly when IoT and
wireless networks are linked. Establishing a control center for
construction work can ensure project success by controlling
and monitoring construction and facility management activi-
ties. Reference [136] stated that low-latency, high-bandwidth
connections, andwireless networks are required to implement
digital technologies. Consequently, communication infras-
tructure is crucial in digitalized smart buildings and the larger
Digital Transformation of the construction industry.

III. THE IMPLICATIONS OF DIGITAL TRANSFORMATION
FOR CONSTRUCTION MANAGEMENT IN BUILDINGS
According to our investigation of the existing literature,
Digital Transformation can revolutionize the construction
industry by incorporating tools such as BIM, cloud-based
project management, drones, 3D laser scanning, IoT sen-
sors, and AR and VR. For example, BIM software allows
stakeholders to collaborate and coordinate while improving
the design and cost estimates, reducing errors, streamlin-
ing scheduling, and improving asset longevity. Cloud-based
project management tools facilitate progress tracking, task
management, and information sharing. Drones and 3D laser
scanning can provide data for the development of 3D models

of buildings for design flaw identification, construction plan-
ning, and measuring actual existing buildings. AR and VR
can simulate the construction process, enabling stakeholders
to understand building designs better and visualize the com-
ponents of buildings. Robotics and automation are crucial
in the construction industry for optimizing equipment oper-
ations, improving safety, and ensuring a high-quality work
environment. While no existing literature examines potential
applications for robotics in the pre-construction stage, during
the construction stage, robots can be used in tasks such as
modular construction, wall spraying, precast walls, excava-
tion processes, material inspection, and assisting workers
with bricklaying and landscape tasks. Robots have also been
integrated into various aspects of facility management, such
as healthcare, cleaning, painting, facade removal, fire safety,
and building inspection.

Digital twins have gained significant attention in construc-
tion as they contribute to improving safety, assessing project
risks, and facilitating collaboration among stakeholders. They
help develop safety protocols and training programs, mitigate
risks, reduce rework or delays, and enable effective communi-
cation. Digital twins are also crucial in facility management,
providing a virtual replica of a physical asset for real-time
monitoring and data analysis. They can model building com-
ponents and systems, such as HVAC and lighting systems,
enabling the simulation of operating scenarios, performance
prediction, and the optimization of maintenance activities.
Cloud-based digital twins can provide accurate information
on the physical facility, enabling better decision-making by
facility management practitioners. Digital twins can stream-
line facility management operations and improve building
energy efficiency.

IoT can support pre-construction phase productivity and
resource management through, for example, the use of GPS
devices to capture elevation data. In construction, IoT devices
can help optimize construction processes by monitoring
temperature, humidity, air quality, worker safety, and produc-
tivity. During the facility management phase, the use of IoT
can reduce waste, prevent accidents, and improve inventory
management. As construction technology advances, IoT will
become increasingly important in facility management, col-
lecting real-time data for predictive maintenance, optimizing
space usage, improving energy management, and enhancing
building safety. IoT networks facilitate information sharing
and communication, enabling quicker decision-making when
combined with large data sets.

Meanwhile, AI has significantly improved business oper-
ations and service processes in the construction industry,
offering increased automation and competitive advantages.
In the pre-construction phase, AI can enhance contractor
selection by analyzing data and criteria, reducing bias and
subjectivity in the decision-making process. It can also
improve efficiency by quickly analyzing large amounts of
data, saving time and costs. In the construction phase,
AI can improve worker safety by monitoring vital signs
and alerting workers to potential hazards. As construction
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technology advances, AI will likely become an increas-
ingly important tool for construction management. AI and
ML can also be used in predictive maintenance planning
as part of facility management to reduce downtime and
extend building system life. Blockchain technology offers a
decentralized platform that provides security and traceability,
creating a potential solution for tendering methods; however,
it also raises concerns about data security, transparency, and
traceability. Blockchain technology can improve construc-
tion contract management and project cost control. It also
enhances collaboration, communication, and transparency,
allowing real-time data access across all parties. Blockchain
further enables automated procurement and supply chain
management through smart contracts, enhancing trust and
efficiency in construction projects.

GIS is a powerful tool for analyzing geographic data,
enabling informed decision-making about land development,
construction, facility management, and large-scale space
optimization. It integrates maps with data from UAVs for
planning, environmental monitoring, and safety surveillance,
and supports information systems and business procedures
for facility administration. Cybersecurity is crucial in the
construction industry, as it helps identify risks, threats,
and vulnerabilities in entities, equipment, and processes.
It is especially important during the pre-construction phase,
where it can monitor and protect against security threats.
Secure messaging platforms and virtual private networks can
safeguard communication channels and prevent data leaks.
As construction technology advances, cybersecurity will
become an increasingly important consideration in project
management, as digital designs and specifications are shared
and devices are increasingly used for daily productivity. Laser
scanning is used in pre-construction for commercial building
construction, but its accuracy remains a challenge. Integrat-
ing BIM with 3D laser scanning can improve construction
quality control by capturing daily on-site activities, enabling
progress monitoring, and recording physical elements like
walls, floors, and ceilings. This data can be used to gen-
erate a virtual 3D model for various purposes. Combining
UAV photogrammetry and laser scanning data can allow an
accurate and complete 3D representation to be developed.
Figure 3 summarizes the application of digital technologies
in various phases of construction processes. It is obvious
that the construction industry is being positively impacted
by digital transformation. By enabling collaborative, data-
driven project management throughout the entire lifecycle of
a building, BIM is transforming the construction industry.
Algorithms powered by artificial intelligence analyze vast
quantities of data to optimize building processes, forecast
project outcomes, and enhance decision-making through-
out pre-construction, construction, and facility management.
Automation of repetitive tasks, enhancement of productivity,
and improvement of safety are all outcomes of robotics imple-
mentation in construction activities and building operations.
In addition, GIS technology facilitates the visualization, spa-
tial analysis, and management of construction sites, which

significantly accelerates the work by aiding in site selec-
tion, environmental assessment, and infrastructure planning.
Thus, GIS can also be helpful in space management in
buildings. Adopting augmented reality (AR) and virtual real-
ity (VR) technologies that improve training, design review,
and visualization processes, thereby enhancing project team
communication and comprehension. Additionally, additive
manufacturing, also known as 3D printing, is transforming
the construction industry by facilitating economical produc-
tion of intricate geometries, customized fabrication, and rapid
prototyping. Precise three-dimensional data of construction
sites or existing buildings is acquired through laser scanning,
which enables precise as-built records, quality assurance, and
clash determination. IoT is regarded as the link that enables
devices to communicate with one another with minimal
human intervention. These technologies have the potential to
improve the construction industry, provided that appropriate
regulations, policies, and infrastructure are implemented.

IV. LESSONS LEARNED
The literature reviewed in this study leads to the following
conclusions:

1) The paper includes a comprehensive global review of
digital technologies’ usage, benefits, and challenges in
the three core phases of pre-construction, construction,
and facility management. In addition, it’s also impor-
tant to identify the necessities of these factors that
will lead to the successful implementation of digital
transformation. ( this was added in the research gap)

2) Implementing Digital Transformation in the construc-
tion industry requires a clear understanding of the
business objectives of a given project or company and
the problems that Digital Transformation is intended
to solve. This, in turn, involves conducting a thorough
analysis of the current state of the business, identifying
the areas that require improvement, and defining the
desired outcomes for the pre-construction, construc-
tion, and facility management phases.

3) The construction industry is complex, involving mul-
tiple stakeholders, including clients, architects, engi-
neers, contractors, and subcontractors. To achieve
success in Digital Transformation, involving all stake-
holders and encouraging open communication and
collaboration are crucial.

4) The effective implementation of Digital Transforma-
tion in the construction industry requires a focus on data
management and analysis. This involves collecting and
analyzing data from multiple sources, such as sensors,
equipment, and project management software, to gain
insights into the performance of the construction pro-
cess and identify areas for improvement in each of the
project phases.

5) Implementing Digital Transformation in the construc-
tion industry requires a significant investment in
technology, infrastructure, and policy. Well-defined
budgets and timelines are essential for successful
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implementation, as is a plan for ongoing maintenance
and support.

6) It is critical for the construction industry to implement
the appropriate digital transformation and advance
rapidly toward a proper policy. Guidelines and policies
in the construction industry have certain implications,
including the following: The implementation of con-
sistent standards and interoperability guidelines can
greatly enhance the smooth integration of diverse dig-
ital tools and technologies across the construction
ecosystem. In addition, governmental bodies have the
ability to enact policies that facilitate the enhancement
of skills and training initiatives that aim to furnish
laborers with the essential technical proficiencies and
digital literacy required to utilize emerging technolo-
gies in construction endeavors. Moreover, emphasizing
the policies and strategies can streamline the pro-
cess and procedure, which will remove any ambiguity
and facilitate digital transformation in the construction
industry.

V. CONCLUSION AND FUTURE WORK
The construction industry’s Digital Transformation is
expected to impact the industry’s future significantly. This
paper reveals the importance of using new technologies such
as BIM, VR/AR, drones, 3D printing, robotics, AI/ML, IoT
devices, and digital twins, which are expected to become
more prevalent in the pre-construction, construction, and
facility management phases. As such, construction profes-
sionals must be aware of these trends and adapt their skills
and knowledge to stay competitive. Also, this review high-
lights the fact that policies and infrastructure are critical
to improving the construction industry’s Digital Transfor-
mation. The construction industry is highly regulated, and
government policies and regulations significantly impact
the industry’s adoption of new technologies. This study
was conducted to gain a comprehensive understanding of
Digital Transformation in the construction industry and to
accommodate new digitalization trends towards more signif-
icant overall progress. Future work might complement this
analysis of overall trends with greater focus on analyzing
one phase in more detail. The ongoing Digital Transforma-
tion revolution is profoundly reshaping all industries. The
construction sector, in comparison to other industries, has
historically exhibited a slow pace of technological advance-
ments, which has resulted in its reputation for prolonged
transformation. In an effort to comprehend and resolve these
obstacles, a multitude of initiatives and studies have been
undertaken in recognition of the counterproductive nature of
this tradition. The advantages that come with technological
advancements are what drive these efforts. This study exam-
ines the progression of digital transformation in the domains
of pre-construction, construction, and facility management
over the period from 2008 to 2023, with the intention of
assessing the present condition of construction. The research
findings highlight several key points, including the following:

1) This study effectively demonstrates that digital trans-
formation encompasses more than technological
progress; rather, it has a profound influence on mul-
tiple aspects of the industry. The study examines the
progression of Digital Transformation in the domains
of pre-construction, construction, and facility man-
agement, providing valuable perspectives for future
research.

2) The research methodically determines the vari-
ous factors that impact Digital Transformation
implementation in the construction industry. Moreover,
it contributes to the ongoing dialogue regarding the
application and challenges where policies, integration
of technologies, and resistance to change hinder digital
transformation initiatives.

3) Even though most of the revised research papers
focused on the construction industry’s implementation
of Building Information Modeling (BIM), there has
been a recent shift in emphasis towards the adoption
of digital transformation within the sector, and more
technologies are being considered in the big picture.

The research article excludes horizontal integration and only
discusses vertical aspects of building projects. In order to
provide future researchers with a comprehensive understand-
ing of the use of digital technology throughout the building
environment, this study will, at the end, provide a guideline
with successful examples of which technologies are being
employed in specific phases. An essential suggestion is to
consider conducting a comparison of particular phases in
both vertical and horizontal integration. Additionally, con-
ducting research on the practical implications of the digital
transformation on specific building phases, considering its
effects on the economy, society, and environment, would be a
worthwhile endeavor in the future. Moreover, investigate the
interrelationships among the technologies and their effects on
the overall performance at various stages.
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