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Abstract: Artificial intelligence (Al) is a powerful technology with a range of capabilities, which
are beginning to become apparent in all industries nowadays. The increased popularity of Al
in the construction industry, however, is rather limited in comparison to other industry sectors.
Moreover, despite Al being a hot topic in built environment research, there are limited review studies
that investigate the reasons for the low-level Al adoption in the construction industry. This study
aims to reduce this gap by identifying the adoption challenges of Al, along with the opportunities
offered, for the construction industry. To achieve the aim, the study adopts a systematic literature
review approach using the PRISMA protocol. In addition, the systematic review of the literature
focuses on the planning, design, and construction stages of the construction project lifecycle. The
results of the review reveal that (a) Al is particularly beneficial in the planning stage as the success of
construction projects depends on accurate events, risks, and cost forecasting; (b) the major opportunity
in adopting Al is to reduce the time spent on repetitive tasks by using big data analytics and improving
the work processes; and (c) the biggest challenge to incorporate Al on a construction site is the
fragmented nature of the industry, which has resulted in issues of data acquisition and retention. The
findings of the study inform a range of parties that operate in the construction industry concerning
the opportunities and challenges of Al adaptability and help increase the market acceptance of
Al practices.

Keywords: artificial intelligence (Al); construction industry; construction technology; construction
ecosystem; innovation ecosystem; Al opportunities; Al adoption challenges; industry 4.0; technology
adoption; open innovation

1. Introduction

In a rapidly urbanizing world, the construction industry innovations are critical to
aid in addressing urban sustainability challenges [1-3]. Nonetheless, in recent decades,
the construction industry continued to be one of the low innovation sectors with limited
productivity and growth [4]. This is evident, as the construction industry is one of the least
digitalized industries in the world in comparison to manufacturing, retail, and telecom-
munication. The productivity growth in the construction industry has only increased by
1% annually over the past two decades and consequently has raised questions about the
industry’s efficiency [5-8]. The fundamental rules and characteristics of the construction
industry have contributed to the slow performance growth.

In response to this slow performance growth, companies are beginning to explore arti-
ficial intelligence (AI) to streamline processes and increase productivity [9,10]. The benefits
include prevention of cost overruns, improvements in site safety, increased management
efficiency of project plans, and productivity growth on sites [11]. The use of Al technologies
has enhanced automated processes and provided a competitive advantage [12].
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Nevertheless, applying Al on construction sites is challenging. as most algorithms
require accurate data for training. Collecting large datasets is costly and time-consuming
for most construction companies [13,14]. Additionally, outdoor environment conditions
and non-standardized building designs cause even more complications in adopting Al
on sites [10]. Consequently, the industry is gradually incorporating Al technologies into
everyday practices, as it needs to transform a traditional hierarchy to a digital and more
autonomous one.

A limited number of studies have reviewed the potential of Al in the construction
industry, such as modular construction and robotics [15]. Nevertheless, there remain grey
areas towards future barriers and opportunities that technologies and robotics may bring
on a construction site. In addition, the existing literature does not provide a comprehensive
understanding of how Al tools and technologies are applied and used in the entire con-
struction project lifecycle, i.e., planning, design, and construction stages—besides some
limited number of studies partially covering the big picture view [16,17]. Moreover, there
are limited review studies that investigate the reasons for the low-level Al adoption in
the construction industry. This study aims to bridge this gap by identifying the adoption
challenges of Al, along with the opportunities offered for the construction industry.

To deliver the abovementioned aim, the current study conducts a systematic literature
review with the objectives of (a) identifying the prominent Al technologies that are used in
the construction industry; (b) comprehending Al technologies and how they are applied
throughout various construction stages; (c) determining Al opportunities and challenges in
construction projects, and; (d) acknowledging new concepts, perceptions, and approaches
that can lead to a research agenda for prospective studies. The findings contribute to the
knowledge base in the Al opportunities and constraints in the construction industry and
inform the industry on the opportunities and challenges regarding an increase in market
acceptance of Al practices.

2. Literature Background
2.1. Global Construction Industry

The international construction market is forecasted to grow by 85% to USD 15.5 trillion
by 2030, and AI could potentially raise productivity from 0.8% to 1.4% annually [18].
Most of this forecast growth is based on technological advancements in all phases of a
construction lifecycle, i.e., planning, design, and construction stages [5]. Nonetheless, as
mentioned earlier, the annual productivity of the construction industry worldwide has
only seen an average increase of 1% over the past couple of decades. This also relates to
low technology uptake in the construction industry (Figure 1).

The construction industry has already experienced significant changes through in-
dustrialization, globalization, and digitalization. The subsequent major changes that
the industry will encounter within the next five years include product-based approach,
specialization, value-chain control and supply chains, consolidation, customer centricity,
investment in technology, human resources, internationalization, and sustainability [19].
These shifts will change current project-based construction processes to a product-based
approach. This new approach will consolidate numerous stages in the value chain either
digitally or through vertical integration. Instead of building structures on-site, companies
will produce them offsite [5]. The process may resemble other manufacturing activities.

The construction process in the future is envisaged to be more standardized, con-
solidated, and integrated. This process will be increasingly product based, meaning that
structures and products will be manufactured offsite. Furthermore, the value chain will
be consolidated, increasing the degree of internationalization [20]. Data and analytics on
customer behavior will be used to optimize future designs. The future of the construction
ecosystem will be greatly reliant on the advancement of Al technologies. Digitalization is
required to shift towards a more data-driven decision-making process and consolidate the
value chain [21,22].
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Figure 1. Construction technology map, derived from [5].

2.2. Artificial Intelligence and the Subfields

The definition of Al states that “tasks that can be operated automatically using self-
governing mechanical and electronic devices that use intelligent control”. There are three
types of Al conceptualizations. The first one is Artificial Narrow Intelligence (ANI). This
existing Al type is used in language translation and weather forecasts. The second one is
Artificial General Intelligence (AGI), and this future Al type will be able to solve complex
problems with its own thoughts and disposition. The last one is Artificial Super intelli-
gence (ASI), and this futuristic Al type, if it can ever be developed, will exceed human
capabilities across several domains [23]. As seen in Figure 2, the major subfields of Alin
construction are: (a) machine learning; (b) knowledge-based systems; (c) computer vision;
(d) robotics; (e) natural language processing; (f) automated planning and scheduling, and
(g) optimization [24].
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Figure 2. Components, types, and subfield of Al, derived from [25,26].

2.3. Overview of Artificial Intelligence in Construction

While there are various definitions of Al it is commonly accepted that Al in the
built environment involves “making intelligence machines and programs that mimic
cognitive systems to learn or solve problems” [27]. There has been a large expenditure
on the research and development (R&D) of Al technologies in construction. From 2014
to 2019, the global construction industry has invested USD 26 billion into engineering
and construction technologies, including Al, up from USD 8 billion over the previous five
years [6]. Despite an increase in expenditure on construction technologies, construction
methods for various core construction processes have not changed over the last four
decades. There are insufficient skills, inadequate business models, and knowledge of Al
for the construction industry. Thus, the application of Al for construction works remains
time-consuming, costly, and error-prone, leading to slow Al adoption in the construction
processes [8,28,29].

In addition, the large amount of unstructured data on sites implies that many platforms
cannot analyze these datasets and function effectively. It is essential to standardize the
data collected and tracked across the organization and project lifecycle to achieve useful
analytics [18]. The global construction industry has only recently started to invest in
the research and development of digital technologies. Firms are becoming more aware
of these technologies” benefits, operational and productivity advantages [30]. All these
positive attributes that technologies may bring to a construction company will help the
urban built environment overcome safety concerns, labor shortages, and cost and schedule
overruns [8].

The construction industry is a growing interconnected ecosystem of hardware and
software solutions, as seen in Figure 2. The concept of different “constellations” of con-
nected solutions emerges around the established use cases, indicating what technologies
are gaining the most traction [31]. In addition, there is a potent combination between the
technologies under the same “constellation”, as they increase the number of solutions when
used together. The most prominent constellations include 3D printing, modularization,
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robotics, digital twin technology, Al, analytics, and supply chain optimization. Three of
the constellations—digital twins, 3D printing, and Al and its analytics—will be transfor-
mational for the industry. The fourth constellation, supply chain optimization, is also
expected to be notable shortly [32]. This is due to the increasing importance of supply chain
optimization during the COVID-19 era and beyond.

The fundamental technologies that will impact the construction industry in the short
term are the following: information communication technology (ICT), internet-of-things
(IoT), big data analytics, blockchain, and Al [6]. The popular Al technologies currently
being used in the construction industry worldwide are presented in Table 1. In addition
to those listed in Table 1, digital twins allow for Al technologies to integrate with various
projects. It captures real-time activity and supports predictive intelligence for decision
making [33]. It enables project managers to create a virtual construction site that can be
accessed remotely using network technologies. Moreover, it lays the ground for intelligent
3D models that provides insight and tool to plan, design, and manage building and
infrastructure efficiently [34]. The system uses historical figures and evaluates millions of
alternatives to create an accurate project schedule for project delivery. At the same time,
image recognition can identify unsafe works and allow future training of workers [5].

Table 1. Common Al technologies used in the construction industry, derived from [19].

Application Al Technology Purpose

Risk detection and assessment are improved by
using new technologies that predict incidents
and issue early warnings. Smart wearables can
collect data for analytics, and Al algorithms
address possible issues on-site and create new
strategies that increase efficiency. In addition,
data analytics can be used for decision making
and strategy building.

Robotics is becoming more apparent on
construction sites and will be highly specific (e.g.,
bricklaying, painting, and loading). The
technology will benefit sites, as it reduces the
Machine learning time spent on repetitive tasks and helps protect
workers from dangerous building environments.
Aerial drones are frequently used to survey sites
and collect data that allow surveyors to generate
3D models of buildings.

Digital automated approaches can enhance
safety management by stepping in related
education, planning, and inspection processes.

Big data and data

analytics Machine learning

Robotic and
automation

Data and system .,
syste Pattern recognition

integration When combined with virtual reality, these
become even more powerful as they ensure
personnel safety in real-time.
Smart wearable technologies detect movement,
Mobility and N . spatio-temporal activity, and thoracic posture of
wearable utomation workers. These systems provide real-time data

on-site, which reduces the risk of collisions
between workers and heavy equipment.

2.4. Disruption of Artificial Intelligence

Although the industry is changing slowly to digitalize and automate construction
processes to improve productivity, safety, and quality [35], Al is beginning to gain attention
as businesses are beginning to release the benefits that Al-powered algorithms may bring to
a construction site [20]. In addition, Al increases accuracy in data analysis and formulates
better strategies that benefit all actors involved [36]. It is essential that construction firms
implement Al technologies to increase efficiency and competitiveness and realize the
potential of Al on a construction project.
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Al technologies transform the construction structures to increase efficiency, enhance
business models, and bring new services to the market [37]. Furthermore, as projects are
temporary and multi-organizational that rely on planning and scheduling models, the
construction industry would benefit more than other industries to incorporate technolo-
gies [38].

Al can assist the construction industry by automating operation and digitalizing
processes to improve productivity, safety, and quality [39]. This independence will make
the development of buildings more evidence based and depend less on implicit knowledge.
This will reduce unforeseen changes that may impact the time and cost.

Although Al in the construction industry is an emerging subject, it lacks “applied
knowledge” and “tacit knowledge” [40]. Most of the literature focuses on one unique
algorithm during the entire construction process, and research that analyses all the algo-
rithms is restricted in the construction stage only. The use of Al in the construction industry
remains uncertain, and there is a lack of understanding due to the lack of research and
development (R&D) in Al [41]. The major difficulty of measuring the benefits of Al is
the uncertainty of the gift from insurmountable investments. This uncertainty is being
magnified as large construction companies are still implementing a traditional process that
could be automated, and small subcontractors are following a similar business model [42].

In sum, compared to other sectors, the acceptance of Al in the construction industry
is rather limited. Despite Al being a trendy topic in built environment research, there
are limited review studies investigating the reasons for low-level Al adoption in the
construction industry. To bridge this knowledge gap, this study identifies the adoption
challenges of Al and the opportunities offered for the construction industry through a
systematic literature review.

3. Methodology

This study intends to provide a summary of a full array of Al technologies and identify
the key challenges involved in their applications and key opportunities these technologies
will bring to the construction industry. To achieve this, a systematic literature review was
conducted. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) protocol is adopted in this systematic literature review to offer the replicability
of the study (see http:/ /prisma-statement.org). The literature on Al was collected from
academic peer-reviewed journals. The searches included current technologies and those
developing through R&D projects, as a review of the current technologies will provide
a reference point on the current landscape of the construction industry and analyze the
development, adaption, and application of Al in the construction industry [43]. The study
has implemented a similar three-stage methodological approach [44] by following the
PRISMA protocol, as follows:

Stage 1 (planning stage) includes research objectives that answer the research question,
keywords, and a set of exclusion and inclusion criteria. The aim is framed to identify
predominant Al technologies in the construction industry and identify the opportunities
and challenges these technologies may impose over the construction lifecycle from project
initiation to completion. While there are research papers that use bibliometric software to
analyze Al in construction, there is no research that manually reviews the challenges and
opportunities based on Al in the planning, design, and constriction phases of construction
activities.

The following broad concepts were used to develop an initial search criterion: “Indus-
try 4.0”. “Construction Al”, “Construction algorithms”, “Construction neutral networks”,
“Construction robotics”, and “Construction machine and deep learning”. Based on the find-
ings from the literature review, keywords co-occurrences for Al in construction and robotics
in construction were established and outlined 57 broad technology themes currently being
used in the industry. Additional keywords were analyzed, but they did not establish or
identify any additional technology areas. Eight out of these fifty-seven key Al algorithms
were frequently mentioned in journal articles, namely, neural networks, fuzzy cognitive
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maps, genetic algorithms, Bayesian model, support vector machine, fast messy genetic
algorithm, bootstrap aggregating neural networks, and adaptive boosting neural networks.
These keywords defined the boundaries of the research areas and gave an overview of Al
technologies that are currently used in the industry.

The keyword search was conducted in February 2022 and obtained 886 results that
satisfied search criteria. After removing duplicated ones, 793 papers were retained, includ-
ing research papers that go beyond the university library databases. The search engine
covered over 400 different bibliographic repositories, including Scopus, ScienceDirect, Web
of Science, Web of Science, Directory of Open Access journals, and Wiley Online Library.
This initial search did not restrict specific periods. Furthermore, as shown in Table 2, the
criteria were developed to effectively decrease the number and difficulty of review and
helped screen articles.

Table 2. Exclusion and inclusion criteria, derived from [44].

Primary Data Secondary Data

Inclusionary

Exclusionary Inclusionary Exclusionary

Journal articles
Peer-reviewed

Full-text available online
Published in English

Government reports
Conferences

Al in construction
Opportunities and challenges in Not Al in construction-related
construction Irrelevant research objectives
Relevant to the research objective

Duplicate records
Books and chapter
Industry reports

In Stage 2 (conducting the review stage), relevant articles were searched during
February 2022. The use of Al in construction has mostly gained momentum over the
last two decades, and the adaptation has increased during the previous decade. The
initial search was then filtered to choose articles only published from January 2000 to
February 2022, and it reduced the number of articles from 793 to 705. The remaining
705 articles were then assessed against the category formulation, as seen in Table 3, and
the number of relevant articles was reduced to 379. The title, abstract, and keywords of
the remaining 379 articles were screened out according to the exclusion criteria, and the
number of relevant articles was eventually reduced to 72.

Table 3. Category formulation criteria, derived from [43,44].

Selection Criteria

. Identify the key authors that are relevant to Al in the construction industry by using
qualitative data
. Determine the barriers of Al technologies implementation throughout a project lifecycle

Identify the challenges and opportunities that Al technologies may impose throughout the
construction process

Categorize similar opportunities and challenges

Group Al technologies relating to a particular construction stage and form categories
Check the consistence and Al categories against other literature

Shortlist categories and analyze recent literature reviews

The final categories are verified, classified, and finalized

Relevant categories are distributed and selected under the most pertinent categories

In Stage 3 (reporting), 72 articles were analyzed using the descriptive techniques
of explanation building and pattern matching [43]. The objectives of these screening
processes were to analyze the selected articles according to some pre-defined categories
to assess similarities and differences [44]. The four-step process was then used to classify
the reviewed literature into specific themes [43,44]. The first step highlighted significant
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challenges in the reviewed literature and critiques raised on Al in construction. Secondly,
the most important themes were then categorized and reviewed concerning the research
aims. The third step was to cross-check the categories with other review studies and
identify further challenges. Lastly, the themes were categorized and finalized in planning,
design, and construction phases under common themes. Figure 3 displays the overview of
the process of selecting papers.

Records identified through
database searching
(n=886)

Records after duplicates
removed
(n=93)

A 4

Records screened

(n=793)
Removed articles that were not
> published between January 2000 to
February 2022
y (n=88)
Full-text articles assessed for

eligibility
(n=705)

Screened against the primary
inclusion and exclusion criteria
(n=326)

Studies included in the
qualitative synthesis

(n=379)
- Screened against the secondary
criteria
Y (n=307)

Studies included in our
review
(n=72)

Figure 3. The PRISMA selection process of relevant literature.

After that, selected papers were reviewed to form the opportunities and challenges
of embracing Al in the planning, design, and construction phases. Al technologies were
categorized under the three subset themes of “machine learning” (n = 38), “neural networks”
(n =27), and “deep learning” (n = 8). These themes were then assessed against other peer-
reviewed studies. Furthermore, the selected articles were categorized into “planning stage”
(n = 34), “design stage” (n = 15), and “construction stage” (1 = 24). Each stage involves
similar and dissimilar Al technologies that result in different opportunities and challenges.
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4. Results
4.1. General Observations

The publication date reflected the rapid growth of interest in artificial intelligence
in the construction industry as 47% of 72 articles were published in the last three years
(7in 2019, 15 in 2020, and 20 in 2021). Many leading authors were affiliated with academic
institutions in Asia (n = 32), reflecting a substantial interest in Asia, where the industry
has quickly adopted Al in construction processes. Furthermore, there is also a tremendous
interest in Europe (1 = 26). However, there are only a limited number of studies from North
America (1 = 9), Oceania (n = 3), and others (1 = 2). As shown in Figure 4, the growth of Al
literature concerning publication year and the region has recently increased.

30

25

20

15

10

_—

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

e EUrOpe  s—Asia NorthAmerica Ocenia === Qther

Figure 4. Distribution of publications by region and year.

Of the 72 articles, the following authors had the most published articles: Chen Lu
(n =2), Hao Wang (n = 2), Reza Hosseini (n = 2), Tao Yu (n = 2), Yuzhu Cai (n = 2), Carlos
Balaguer (n = 2), and Wolfgang Eber (1 = 2). No single author has dominated the literature
on Al in construction. Given that automation is a subset of Al and signifies a new concept
in construction, it was not surprising that most articles were published in Automation in
Construction (1 = 19). These papers focused on BIM in the planning and design stages.
The remaining 53 articles were published in Advances in Engineering (n = 9) and Engi-
neering Management (n = 3). The remaining 41 articles were published in 41 different
journals, focusing on neural networks, fuzzy cognitive maps, genetic algorithms, Bayesian
model, support vector machine, fast messy genetic algorithm, bootstrap aggregating neural
networks, and adaptive boosting neural networks.

In total, 72 articles reviewed the topics of construction innovations (n = 14), intelligent
systems (n = 19), engineering management (1 = 4), and information systems (n = 28). The
remaining seven papers analyzed large construction companies that used technology to
improve construction efficiency. These papers adopted qualitative methods such as focus
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groups, interviews, and workshops to collect research participants” opinions. While these
papers provide valuable insight into stakeholders’ perceptions, these methods can create
complications as Al and robotics are relatively new concepts in the construction industry.

Some studies revealed the limited experiences of professionals in the industry with
these technologies. Even for studies collecting data following automation models and
robotics (n = 5), problems exist, as sample participants” perception of Al cannot represent
the generally built environment professionals. However, they may represent a segment
that already has an intrinsic curiosity with the services and, therefore, is more likely to
hold a positive judgment. This is evident as large construction firms employ the sample
participants, and smaller firms cannot utilize these new technologies. Consequently, these
smaller firms hold a more neutral and /or negative opinion towards AL

4.2. Artificial Intelligence Adoption Opportunities and Challenges

There is a range of opportunities and challenges that Al may impose throughout a
project, and firms must recognize these opportunities and challenges. Without a clear
short-term objective, businesses will have inefficient Al platforms and lose the momentum
to adopt Al-related technologies [15]. Companies need to prioritize their research, devel-
opment, and investment in Al platforms when opportunities for Al outweigh challenges.
They also need to identify the risks that may affect Al implementation to better planning
and an efficient business transition [37]. Table 4 lists the opportunities and challenges that
Al may impose on a project, and they are created based on common discussion principles
as seen in the (n = 72) reviewed articles.

Table 4. Al opportunities and challenges in the construction industry.

No Opportunities Challenges

1 Provide a competitive advantage to businesses that use Al, as it Al applications are highly specialized and need

will reduce economic costs constant algorithms training to identify patterns
2 Increase productivity and efficiency of on-site personnel The fragmented nature 9f the construction industry
may result in data scarcity
3 Reduce the time spent on repetitive tasks by using big data High initial costs in the research and development of
Al platforms
4 Identify high-risk issues and automatically classify them into Al platforms need investment constantly to keep data
actionable categories up to date
Implementation of Al requires businesses to move
5 Improve current work processes I, .
away from traditional ideas
6 Increase the consistency in project relgted work that will result in Security and reliability of a large amount of data
higher quality
7 Avoid possible delays through predictive modeling Multi-point responsibility betwee.n . stakeholders may
reduce accountability
8 Extract data from the complex document and categorize them Non-standardization of a construction project makes it
based on patterns easily difficult to implement Al
9 Reduce the probability of on—glte accidents and mitigate Require an Al expert that will involve additional costs
safety risks
10 Increase accuracy of plans and allow for better verification High resistance from industry bodies
1 Produce outcomes that can be easily understandable by all Ethical, moral, and legal issues that are yet to be
stakeholders, which enhances efficient communication addressed by the government or institutional bodies

1 Enhance consistency and reliability, as Al is highly unlikely to High impact on traditional skills and may impact

make mistakes (provided data are correct)

job availability

4.2.1. Opportunities

There is a range of opportunities that new technologies bring to a construction project.

It gives companies a competitive advantage by lowering costs and increasing efficiency.
Adaptive manufacturing is a growing concept that introduces flexible machines capable of
customizing part productions and enabling new cost-effective building methods [45,46].
This new method leads to the potential modification of jobs by combining planning, design,
and construction tasks. It is critical that users acknowledge the benefits and performance
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enhancement that AI may bring to a construction site to adopt new technologies into their
projects [47] effectively.

Waste Management and Resources

The amount of resource waste is growing rapidly on a yearly basis due to rapid
development [48]. Companies are becoming more waste aware and are implementing
proactive data-driven approaches that minimize waste through analytics [49]. Waste
analytics is dependent on different sources of data, such as building design, material
properties, and construction strategies. Al technologies are needed to turn information
into relevant waste management strategies. These strategies include the optimization of
offsite construction, material selection, reuse and recovery, waste-efficient procurement,
deconstruction, and flexibility [50,51].

Estimation and Scheduling

Al application models are important to accurately forecast construction costs and
project timeline. Projects that do not have accurate costs and time estimation have large
financial implications. The use of Al allows for the integration of 4D and 5D visualization
to BIM and reduces the risks of unforeseen costs and project milestones. In addition,
using enhanced technologies such as deep (neural) learning—which is a subset of machine
learning that uses statistics and predictive modeling to act like a human brain—can increase
time accuracy and cost predications in construction projects [52].

Construction Site Analytics

Construction sites constantly transform and incorporate new technologies to become
smarter working environments. IoT sensors and other digital technologies are becoming
more apparent on sites to generate valuation data. A large volume of data is generated
from construction sites and is mostly unstructured. The use of Al can structure the data
generated and analyze the data to optimize site performance in all key areas such as
planning, design, safety, quality, scheduling, and costs [53].

Job Creation

Based on the literature review, construction jobs that require low to medium education
are at a higher risk of becoming redundant. This is evident as, by 2030, 38-45% of these
jobs will be completed by automated analytics or robotics [54]. However, the adoption of
Al can also create new jobs such as construction Al researchers, trainers, and engineers to
assimilate and reskill the displaced workers in the industry.

Supply Chain Management

There are common supply chain management (SCM) issues evident in the construction
industry. The SCM is a costly and complex process, and the lack of specific performance
measurement frameworks, organization trust, and communication channels risks its suc-
cess [55]. Al can play an important role in reducing this limitation and increasing supply
chains’ efficiency. Incorporating both Al and IoT can develop real-time risk monitoring
systems that control product quality and site safety. Furthermore, Al has the possibility to
resolve organizational trust and communication issues that have hindered the use of SCM
in recent years. Al can detect potential issues and ensure efficient delivery by managing
the entire supply chain [56].

Health and Safety

Advanced analytics can reduce the risk of workplace accidents by using predictive
analytics. The construction industry records a significant number of injuries compared
to other industries [57]. This is due to construction personnel being highly exposed to
onsite dangers such as heights, falling objects, equipment, tools, and toxic materials [58].
Therefore, construction companies need to take a proactive approach by using Al to reduce
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the risk of accidents before they occur and to prevent them. Al and BIM can improve safety
using sensor-based technologies and wearable technologies for safety monitoring. These
technologies can identify dangers on a construction site and notify managers.

Construction Contracts

Construction management can be complex, as it involves multiple contracts, and
mistakes can have costly implications. Al can diminish the risk of human errors by
automating the efforts of contract managers to ensure that processes are faster and more
accurate [59].

4.2.2. Challenges

The construction industry is behind manufacturing and transportation to adopt Al, as
it is still in the initial conceptual phase of development [60]. Technology challenges vary,
depending on the project’s size, labor and capital intensity, industry sector, technologies
used for projects, and the types of firms that use the technology [61]. According to Mo-
hammadpour et al. [21], a significant barrier for businesses to embrace Al is the complexity
of tasks performed by analytics. This is potentially caused by the higher variability and
volatility of construction sites and the urban environment. Al requires large amounts of
data to train algorithms and identify patterns in which only a limited number of people
can interpret data from these platforms, resulting in limited economies of scale, impeding
innovation and digitalization [62,63].

Cultural Issues

Construction sites are constantly changing and require Al to learn and adapt to these
new environments. Traditional methods are prioritized over un-trusted technologies due
to the risk associated with construction, as mistakes can lead to high financial implications.
The disjointed nature of the construction industry makes it difficult to change. Successful
transition from traditional to future models requires compatible design, management, labor
practices, and site operation practices [64]. Consequently, as construction is performed and
requires multi-point responsibility from different project disciplines, individual organiza-
tions control construction phases. It is difficult for Al technologies to be effective without
these disciplines sharing common interests throughout the project cycle [65-68]. Therefore,
it would be beneficial to take advantage of technologies such as blockchain to improve
trust and transparency [69].

Security

Despite the improvement in Al security, it can still be targeted by cyber criminals.
This is a critical issue, as it can have financial implications and comprise the safety of
construction works. For example, a computer vision system can be hacked to mislabel a
construction worker working at height. Construction companies will need to implement
machine learning (ML) techniques that reduce the exposure of high-level sensitive data [70].

Higher Initial Costs

The benefits that Al may bring to a construction site are indisputable. However, Al
technologies require high initial costs to obtain accurate data. This may be unaffordable
for most subcontractors and small firms that make up the majority of the construction
industry. The high upfront costs require a considerable financial commitment for R&D and
application purposes, and these investments will be at increased risk and taking this risk
in a highly competitive market. Small to medium-sized business firms cannot invest in
system-level technology and thus cannot benefit from technological breakthroughs [71].
In addition, there is a high cost of owning and using these Al technologies as they are not
fully developed and need investment constantly to keep up to date with the advancement
of the technology [72]. Therefore, it is imperative that firms determine the cost saving that
Al may bring to a project and decide whether it is feasible. As Al in construction continues
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to expand and becomes more prevalent in construction, the process is expected to lower
and become more affordable for smaller businesses.

Project Uniqueness

Another challenge for the construction industry to implement Al technologies is that
nearly every project is unique. The work process is complex, non-repetitive, and depends on
the weather, labor, and local building regulations [73]. Consequently, non-standardization
hinders automation and robotics efficiency, as it is difficult to control, and it also challenges
maintaining these technologies in an unstructured environment [74].

Robotics

The development of construction robots is technologically challenging due to the
constantly changing environment of the construction process. Furthermore, these robots
need to be robust, flexible, highly mobile, and versatile [75]. As construction sites are an
unstructured environment, robots must be reprogrammed according to conditions at each
site when they move around 