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Integrating sustainability values into decision-making processes is crucial for maximizing returns in
residential construction projects while ensuring that project functions remain uncompromised. This
study investigates the barriers to adopting drone technology in the construction industry, focusing

on sustainable construction practices. This research identifies and analyzes key obstacles to drone
implementation through an extensive literature review and a quantitative approach. Data were
collected via a structured questionnaire administered to 147 professionals in the construction industry.
The data were then analyzed using Partial Least Square-Structural Equation Modelling (PLS-SEM),
revealing that regulatory barriers, including complex and varying legal frameworks, pose the most
significant challenges to drone adoption. Additionally, concerns related to public perception, technical
issues, and economic factors are identified as substantial hindrances. These findings underscore the
necessity for policymakers and industry leaders to develop clear and consistent regulatory frameworks,
promote industry-wide training programs, and address public and economic concerns to facilitate

the broader adoption of drone technology in sustainable construction projects. The study’s insights
contribute to the ongoing discourse on how emerging technologies can be effectively integrated into
the construction sector to enhance sustainability and efficiency.
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The construction industry is transforming significantly, embracing advanced technologies to enhance
productivity, safety, and sustainability. Among these technologies, drones, or Unmanned Aerial Vehicles (UAVSs),
have emerged as powerful tools capable of performing a variety of tasks with unprecedented precision and
efficiency!~. Drones have proven valuable in construction activities such as site surveys, progress monitoring,
safety inspections, and resource management. Their ability to capture high-resolution aerial imagery, generate
accurate 3D models, and access hard-to-reach areas has positioned them as essential components in modern
construction projects, particularly those that involve complex or large-scale sites®1°.

Despite the clear advantages of drone technology, its adoption within the construction industry has been
slower than anticipated, especially in sustainable construction!!~!5. Sustainable construction, which emphasizes
minimizing environmental impact, conserving resources, and enhancing energy efficiency, stands to benefit
significantly from the precision and data-rich outputs provided by drones. For instance, drones can monitor
environmental impacts, optimize material use, and reduce waste through more accurate planning and
execution. These capabilities align directly with sustainable construction goals, which seek to balance economic,
environmental, and social factors in infrastructure development!®-2°. However, the widespread implementation
of drones in sustainable construction faces several barriers, including complex and evolving regulatory
frameworks, technical limitations related to drone capabilities, public concerns regarding privacy and safety,
and economic constraints such as the cost of acquisition and operation®!-2>.
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The motivation for this study stems from the recognition that while the benefits of drones in construction
are well-documented, there remains a significant gap in the literature concerning the specific barriers to
their adoption in sustainable construction. Previous studies have focused on the technological advancements
and operational efficiencies that drones bring to construction projects'~>. However, the challenges related to
regulatory compliance, technical integration, and stakeholder acceptance, particularly in sustainable practices,
have not been thoroughly addressed. This gap in understanding is critical because overcoming these barriers
is essential for maximizing the potential of drones to contribute to sustainable construction efforts, which are
increasingly recognized as vital for addressing global environmental challenges®~'°.

Moreover, the urgency of adopting sustainable practices within the construction industry has never been
greater, given the sector’s substantial contribution to global carbon emissions and resource consumption. As
governments and industry leaders push for greener practices, integrating innovative technologies like drones
becomes increasingly important!!~!>. Drones offer unique capabilities to enhance sustainability by providing
detailed environmental data, improving resource management, and facilitating more efficient construction
processes. However, realizing these benefits requires addressing the barriers that impede their broader adoption.
These barriers include technical challenges and significant regulatory, social, and economic considerations that
must be carefully navigated!¢-20.

This study aims to fill the research gap by systematically investigating the barriers to drone implementation in
sustainable construction. Utilizing Partial Least Square-Structural Equation Modelling (PLS-SEM), this research
analyzes data collected from professionals within the construction industry to identify the most significant
obstacles and propose recommendations for overcoming them. This approach enables a comprehensive
understanding of the complex relationships between these barriers, providing insights that are both theoretically
robust and practically applicable?!-%°. The findings from this study are expected to contribute significantly to
the ongoing discourse on the role of emerging technologies in shaping the construction industry’s future,
particularly in the context of sustainability?*~.

Furthermore, the insights generated from this research are intended to support policymakers and industry
leaders in developing strategies that promote drone technology adoption and enhance its effectiveness in
achieving sustainability objectives. By addressing the regulatory, technical, social, and economic challenges
associated with drone implementation, this study seeks to facilitate the broader adoption of drones, ultimately
contributing to more sustainable and efficient construction practices worldwide?*=*. In conclusion, this study
seeks to identify and analyze the key barriers to drone implementation in sustainable construction and provides
practical recommendations for overcoming these challenges. The findings are expected to support policymakers
and industry leaders in developing strategies that facilitate the broader adoption of drone technology, ultimately
contributing to the sustainability and efficiency of construction projects worldwide.

Drones implementation barriers

Even though drones were designed originally for army manoeuvres due to the risks and dangers for workers in
operated warplanes, they now have many other applications. Besides delivering packages, drones are utilised in
airborne monitoring and inspection of oil and gas pipelines and power lines!?. Additionally, they are utilised in
mapping, surveying and gathering geographic and spatial data. Drones have been implemented in construction
and civil applications, healthcare, agriculture, security and public safety, imaging, mining, research and other
scientific applications.

Drones are utilised for military operations, humanitarian aid, and data collection for quite a long time, longer
than package delivery. There is successful surveying and mapping using drones>*. Motion photogrammetry
approaches have been employed to plot coral reefs using drones. The capacity and accuracy of drones have been
demonstrated by equipping drones with high-definition video and photo cameras employed for the full graphic
assessment and revealing damage concerning huge buildings, which is both cost-efficient and effective>®.

The application of drones in farming was exhibited, and it recommended that drones be more effective
than satellites since they are not blocked by clouds”®. Drones are crucial in healthcare and medical deliveries,
medication pick-ups, and patient test kits for patients with lingering illnesses. The drone could be a means for the
global transplantation of organs in the future®!?. Drones play a central role in aid and relief tasks in calamitous
circumstances. Thus, drones can be utilised for charitable aid during tragedies to assess destruction, detect
survivors, and bring service. A company specialising in charitable aid through drones (Matternet) broadcast
in January 2013 that it will employ drones to supply medication and other materials to isolated places in the
Dominican Republic and Haiti'!.

Many researchers have proposed approaches to tackle various concerns associated with drone delivery.
Different advantages and disadvantages of drone delivery in urban centres have been outlined in the
literature!>~!4. Likewise, a delivery system was proposed to respond to the restricted, transportable range of
drones by serving customers while returning to a moving truck, signifying more efficiency of drone-truck
arrangements. Additionally, the know-how behind drone delivery and the different components applied in
making them, comprising batteries, motors and propellers, were extensively studied!>!®. Similarly, a comparison
was made between the drone-truck delivery system’s efficacy and that of a truck or standalone truck.

A vehicle routing problem(VRP) was developed to explicitly formulate drone deliveries as the current VRPs
might not be relevant to drone carriage because of conditions such as several trips from a warehouse and the
impact of payload capacity and battery limit'”~°. There are studies on the challenges of cyber-physical security
for drone carriage. Hence, a zero-sum game was established between the vendor making the drone carriage and
an assailant attempting to interrupt the distribution via physical or cyber-attacks*®*!. Models for drone carriage
were subsequently proposed for healthcare services to enhance efficient, cost-effective and timely healthcare
conveyance.
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Conversely, drones have many limitations since they are UAVs and pose potential threats to the environment,
nature, wildlife, properties and humans. Some of these limitations are related to secrecy, and drones have produced
worries regarding the safety and privacy of individuals because they are presented to the community?*?>. Another
problem relates to the psychological anguish they can cause in some humans due to data security concerns. In
some studies, the environmental impact of carbon dioxide (CO,) emissions was discussed, and it was posited
that when a buyer is far away from the warehouse, drones cause more emissions of CO, than trucks****. These
problems, as mentioned above, constitute barriers to successful drone implementation in the logistical industry.

Based on the existing literature, the focus was mainly on the issues concerning drone application at an
operational or tactical level, e.g., routing, coverage of an area and operations search. Drone carriage is a new
machinery. Therefore, it is pertinent to study the barriers to drone implementation in the construction industry
to provide more insights to practitioners and researchers. The existing literature concerning the application
of drone logistics in building engineering is lacking. Up-and-coming research on obstacle enquiry has been
performed in various contexts, including sustainable development of renewable energy, implementation of
blockchain, biorefineries development, computerised medical records in health care, and igniting a wind energy
plant. This study employed the PLS-SEM approach to examine the barriers to drone implementation in the
sustainable building business.

Many studies have used the PLS-SEM method to model many aspects of the building ruction business.
For example, Bamgbade et al.?° assessed issues influencing sustainable construction employing PLS-SEM. The
analysis discovered that the model results were reliable, and the pilot study data showed proof of rational validity.
A PLS-SEM approach was employed as a mediation model for enhancing cost-effectiveness and its effects on
smaller construction industries—the intervention effects of customer upkeep with early payment on cost
performance issues. Results indicated three (3) factors that influence construction projects’ cost performance
in emerging countries. These comprised cash flow difficulties, deceitful activities, and the impact of the type of
building environment?”.

Modelling response plans by the construction industry using PLS-SEM during COVID-19 indicated that
project support and supply chain is needed to tackle the impacts related to materials, stability of the market
and monetary aid are also needed to tackle project-related effects?>. A PLS-SEM modelling of obstacles to
viable building by Durdyev et al.? revealed that effective and clear policy guidelines are critical for enforcing
supply chain materials integration and practices in addition to financial inducements, eventually leading to
the operative execution of SC creativities. Hence, efficient resource use and sustainable economic growth can
be realised. Durdyev et al.*® proposed a construction client satisfaction model using the PLS-SEM approach.
The study discovered that treating each client individually and showing a friendly approach concerning their
needs will boost their satisfaction with their involvement with a contractor. Despite the availability of extensive
literature, studies focusing on spotlighting barriers to drone implementation in construction projects are scarce.
In this study, we attempt to narrow this gap and propose a PLS-SEM model to explore further the hurdles to
drone application for the sustainable building business. The additional motivation guiding this study include:

o The rapidly increasing interest among researchers and stakeholders in drone implementation,
« The uncertainty of drone implementation in future, and.
« The increasing acceptance of drones in society.

Barriers to drone implementation for sustainable construction

Based on the existing literature on drone implementation for sustainable construction, many different barriers
were identified and summarized in Table 1, adopted from Sah et al.!l. These barriers are further classified and
discussed below. There is currently a scarcity of research focused on identifying the unique challenges and
barriers to adopting drone technology in Saudi Arabia’s construction industry. While there is growing interest
in utilizing drones for project efficiency, monitoring, and safety, the sector in Saudi Arabia has not yet fully
explored the specific factors that impede adoption. Accordingly, these barriers were gathered from prior global
research as indicated in Table 1 to investigate them within the Saudi Arabia domain.

Threat to privacy and security
Individuals panic about non-consensual footage by drones since they have cameras attached to them to aid with
landing. Even though drones have been successfully utilised for operations, including border patrol, in the past,
they hinder people’s freedom of assembly or expression®”*%. Thus, drones will likely discourage people from
participating in some events and associations because of panic about being recorded. Drone applications for
construction activities have the prospect of being seen as mass data-gathering tools when they are performing
construction activities within municipalities”’“. Therefore, it can be considered a violation of fundamental
human rights. Hence, the data collection system’s transparency by drones has to be guaranteed so that society is
aware of any gatherings in data collection and data sharing with people along construction sites.
Consequently, drones can undermine the security of construction sites if found in the wrong hands
They are efficient physical and cyber-attacks by the society. Likewise, trick drones can masquerade themselves as
project monitoring drones and transfer conned wireless signs that could steal project data, leading to property
theft®>**, Communications from drone to drone produce a latent for spicy or rival companies, computer hackers
and unfriendly countries to mark drone delivery schemes and cause crashes between drones and people or
items®>©°,

61,62

Regulations
Official rules and regulations comprise laws that regulate the way an industry operates. Rules and regulations
associated with permission for drone operations in built-up areas are required as package delivery to buyers
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Constructs Code | Barriers Studies

T1 Unauthorized photography Maharana 3!

T2 Identification of non-authorized drones Anbaroglu 3

T3 Surveillance and privacy Finn and Wright %%
Threat to privacy and security

T4 Violating rights Villasenor 3*

T5 Physical attacks, jamming and spoofing Solodov, et al. 3%

T6 Intentional hacking and cyber-attacks, terrorism | Naeem Akram, et al. ¢

R1 Accountability for drone owners Chang, et al. 7

R2 Drone’s route Lidynia, et al. 3

R3 Insurance obligations Lords ¥
Regulations -

R4 Pilot certification and training Dalamagkidis, et al. 0

R5 Crowding airspace for manned aircrafts Heutger and Matthias *!

R6 Determination of liability Rao et al. 2

P1 Higher the perceived risk Clothier, et al. #3

P2 Transparency Lidynia, et al. %

P3 Societal anxiety about automation Ravich #
g?&;%{’:gricceﬁtion and P4 Awareness of drone technology Rao et al. 2

P5 Drones and theft Duffy ¥

P6 Public annoyance Kwon, et al. ¢

P7 Private sector use of drones Bracken, et al. ¢/

Enl | CO2 emissions Goodchild and Toy

En2 | Harming wildlife Chang, et al. ¥/
Environmental issues

En3 | Visual pollution and sound pollution Kwon, et al. %

En4 | Create debris Clarke and Moses *’;

Ecl | High cost Clarke and Moses *%;

Ec2 | Higher initial costs Sudbury and Hutchinson *
Economic aspects Ec3 | Economy and employment Boucher °!

Ecd4 | Disrupt trucking industry Luehrs %

Ec5 Uneven distribution of income Clarke and Moses ¥;

Tel Short flight range Gupta, et al. >3

Te2 | Navigation Parker, et al. >

Te3 Obstacle avoidance and mid-air collisions Dalamagkidis, et al. 4°
Technical issues Te4 | Bad weather conditions Hallermann and Morgenthal >

Te5 | Tracking of drones 32

Te6 | Delivery and performance risk Yoo, et al. *¢

Te7 | Limited carrying capacity Hallermann and Morgenthal >

Table 1. Drone barriers in the construction industry.

requires the drone to fly over the build-up areas, concerning an ancillary interval®”%. Even if the buyer offers
permission for the drone to convey the product or survey construction site(s), the concern of people’s and other
organisations’ permission might remain in the community. Hence, regulation is essential, and it is feasible only
via intervention by the government. Rules concerning data gathering of video footage by drone distribution are
also needed®7°. Drone implementation in construction can be a risk to civic confidentiality as it is challenging
to measure the footage of project monitoring drones. Additionally, a concern relating to drone identity subsists
since it is challenging to distinguish between private and organisational drones’’2. Thus, drone implementation
for construction sustainability would be difficult until rules and regulations were established to address these
concerns.

Public perception and psychological
Drones cause public anxiety concerning automation among people since they are unmanned, and the decisions
are taken using a computer, which might be hypothetically susceptible to cyber-attacks’>~7>. Likewise, people
have a view that drones are applicable only for military and surveillance uses, and thus, they do not want to
be around the drone vicinity because of concern of being attacked or filmed®*7®. Though drones for package
delivery may not record without permission or attack, awareness concerning various drones and their functions
must be made public. Likewise, people are concerned about ‘full Skies’ because many drones always hover over
them. Additionally, due to the lack of drone limitations on roads like cars, society might not have an alternative
to circumventing the ubiquitous drones””’%,

Construction monitoring by drones requires flying over communities, causing a threat to them?7°. Therefore,
the expected large crowds of drones would cause concern among people affected by these drones. Similarly,
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communities may have misinterpretations regarding the tenacity of drones, considering them to be from an
extremist from a hostile or a terrorist group or country. These perceptions might trigger fresh encounters or
amplify the prevailing ones.

Environmental issues

Drones generate undesirable physiological effects on animals. It has been noticed that drones could affect flora
and fauna. The extensive application of drones creates vivacious noise and shadows, which cause noise pollution
and visual obstructions®-82, Likewise, drones’ GHG emissions were greater than trucks’ when the clients were
no longer distant from warehouses.

Economic aspects

The construction industry generates job opportunities for different skilled and unskilled workers. However, as
the industry implements drones in construction, many workers, including security personnel, are either shaded
off or face pay reductions®*34. These concerns would impact the working class, causing increased job losses and
widening the gap between the poor and rich. Globally, the cost of living keeps increasing at an unprecedented
rate. Hence, this economic gap poses a huge liability for the world economy.

Technical issues

Drones face many mechanical (or practical) obstacles. These comprised strong winds, fog or rain®%. Poor
weather conditions might lead to drone crashing, eventually leading to property damage or physical injury and
rising drone delivery risks®”%. The drone distribution threat is described as the possibility of the drone not
working properly or being unable to convey the item, and it is a critical issue influencing drone implementation
for sustainable construction. Therefore, drones must be vigorously supervised during their airlift to check for
faults. It has been reported that drones have restricted battery life spans, which can be an issue if the client’s
destination is not in the drone’s flight range. Likewise, the dearth of a hurdle to averting tools has been identified.
Thus, drones must be able to escape birds, aircraft, structures, buildings and other drones. Lastly, drones have
inadequate load volume, making conveying hefty items challenging during construction activities.

Gap analysis

Presently, the most important advantages of drones in the building business are associated with the
computerisation of building activities, cost-effectiveness, good time management, safer real-time gathering
of data compared with the conventional approaches, and reliable substitute over satellites and crewed aerial
vehicles concerning high-resolution imageries® . However, regarding the application and wedged usage, there
is a dearth of clarity and exemplification of unmanned aerial systems (UAS) in the building sector®2. Hence, a
literature review was performed to discover the potential gaps that might need to be addressed concerning the
adoption of UAVs in the building business, the major barriers to circumstances and areas of application and
justification. Vanderhorst et al.% provided examples of models for contemporary application, such as disaster
management and visualisation map development of the UAS based on the number of publications and phases
of construction projects while applying the UAS. Similarly, Elghaish et al.** critically reviewed digitisation with
drones and immersive technologies in the building industry. The study has presented useful findings concerning
the application of immersive and UAV tools, which can provide in-depth insight into the practical applications of
these technologies in the construction business. The analysis was further underwritten to the desirable collective
beginning for tracking evolution recorded in immersive and UAV know-hows and assessed their impacts on
building schemes. However, this study opened a new horizon for new investigations concerning unexplored or
partially explored aspects of digitised building projects, which is needed for in-depth insight into challenges/
barriers to drone adoption. Hence, it will provide a basis for a roadmap to identify better what the business
requires and offer guidance to experts and researchers assessing areas of application and obstacles that can have
maximum paybacks for the building sector. Table 2 further summarises contributions made through studies on
drone implementation and their current limitations or research gaps.

Based on this short review of studies on drone implementation in the construction industry, many areas
needing further research have been identified. These include the need for more exploration concerning
safety factors in the building industry, dearth of content analysis of the existing literature concerning hazard
identification, lack of proper risk management by construction companies, lack of a multi-component toolkit
for safety management, and neglect of continuous and direct physical human contact. Thus, there is a need to
overcome technology implementation hurdles to address the low implementation of drone use in the construction
industry. It will help narrow the knowledge gap concerning participants’ behavioural intention to apply to UAVs.
In addition to further exploration of barriers to automation and adoption of robotics, this will help address the
building engineering’s lack of comprehensive application of 4IR. Lastly, there is a need to address the challenges
of initial costs, top management support and operation and maintenance support to improve processing and
collection approaches of big spatial data, especially for larger building projects.

Research design and methods

There is currently a scarcity of research addressing the challenges and barriers associated with the implementation
of drone technology within the construction industry in Saudi Arabia. Despite the growing interest in utilizing
drones for enhancing project efficiency, monitoring, and safety, the construction sector in the region has yet
to fully explore and document the factors that hinder widespread adoption. Consequently, the barriers were
compiled from prior global research addressing the challenges associated with drone implementation, as
detailed in Table 1 to examine them within the context of Saudi Arabia. Accordingly, this research aims to boost
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S/no | Studies Contributions Research Gap/ Limitations
Manzoor et al. * There is a prerequisite to discovering safety issues in the construction
1 Vanderhorst et Framework for mitigating construction site accident sector prereq i Y
al. »
Siraj and Fayek *%; | Comprehensive identification of risk in the building business Lac k4 of systematic review 9f hteraturg and content analysis of the
2 97 . existing literature concerning hazard identification. Lack of proper
El-Sayegh et al. Proper response and control of risks/ hazards . . .
risk management by construction companies
McSweeney et led . £ safety £ : . . b loved Iti kit f
3 al. % Delgado Detailed assessment/review of safety factors; Dressing Assistance Robot Developed a multi-component toolkit for safety management
Bélla’my eral ® Review Neglects continuous and direct physical human contact
4 Nnaji and E:fce}é?i?,leofleshfg;::ﬁegg aﬁ‘: dhceoal?elrlg?gig:?;?;tel;rcgnﬁ:rrlldmstarf:f tion; There is a need to overcome technology implementation barriers and
Karakhan 100; 101 Ve app 4 P Y Y the low adoption of drones in the building business
monitoring
There is a knowledge gap concerning participants’ behavioural
5 Achimien et al. 102 PLS-SEM modelling to assess drone use in the construction industry— intention to use UAV applications
§ ’ analysis of automation and robotics adoption impediments There is a need to explore barriers to automation and the adoption of
robotics
6 Balasubramanian | New framework for policy development, support and intervention Lack of comprehensive use of Industry 4IR by the construction
etal. 1 mechanisms industry
7 Law 104 Examined drone technology and its effects on the building business There is a need to address the challenges of initial costs, top
management support and operation and maintenance support
8 York et al. 195 Examined potential UAV applications and challenges limiting their There is a need to improve the processing and collection approaches
: implementation of big spatial data, especially for larger building projects
This study introduces a low-cost platform for environmental monitoring
9 Almalki et al, 106 in smart farming, integrating IoT sensors and UAV technology. This The study did not explicitly address the mechanisms to protect this
’ platform enhances crop productivity and farm management by providing | data from unauthorized access or breaches
real-time environmental data
The sFudy mtroc‘luces 2 blockcham}-based framework to enhance th? While the blockchain framework improves security and consensus
security of multi-drone collaboration during swarm operations. This . A * o
- L in drone swarms, the scalability of this solution in larger and more
. 107 framework uses blockchain technology as a communication tool to . ]
10 Alsambhi et al. ) . . complex environments remains a challenge. The study suggests that
broadcast instructions and secure the consensus achievement process - . .
. . . . further research is needed to adapt the network design for extensive
among drones, particularly in the presence of potential security threats .
; . and heterogeneous drone operations
like Byzantine drones
n: The study introduces a novel approach using UAVs integrated
with Device to Device (D2D) communications to establish reliable The system’s effectiveness heavily relies on the stability and availability
aif et al. communication links in disaster-stricken areas. This ensures the o s, which adverse weather conditions or technical failures can
11 | Saifetal. '%® ication links in disaster-strick Thi th f UAVs, which ad th diti technical fail
continuity of emergency communication services despite damaged compromise
infrastructure
It systematically identifies critical barriers to drone adoption in The research relies on perception data from professionals, who
construction, such as lack of knowledge, regulatory challenges, and the may not fully capture the complex on-ground realities of drone
iyetan and Das need for pilot licensing. Also, the paper evaluates strategic measures implementation in construction. The study focuses primarily on
12 Aiyet: dD d for pilot licensing. Also, the pap luates strategi impl tation i truction. The study fc primarily
109 to overcome these barriers, including government policy formulation, South Africa and India, which may limit its generalizability to
training for competency building, and airspace permissions specifically other developing countries with different regulatory and economic
for construction sites environments
It identifies crucial factors affecting the behavioural intention to use The study is confined to South Africa, which may limit the
UAVs in construction, including performance expectancy, effort generalizability of the findings to other developing countries with
13 Achimien et al, 102 | €Xpectancy, social influence, and facilitating conditions. This research different socio-economic contexts. The study focuses on behavioural
§ ’ applies the Unified Theory of Acceptance and Use of Technology intentions rather than actual usage, which might not fully reflect the
(UTAUT) model, enhancing the understanding of technology adoption real-world challenges and outcomes associated with UAV adoption in
in the construction sector construction
It provides a detailed overview of the current advancements in UAV
technology for construction monitoring and inspection. Also, the While it addresses these challenges, the study might not provide
iang et al. study highlights recent technological advancements in s, includin etailed strategies or solutions for navigating the complex regulator
14 | Liangetal !° tudy highlight t technological ad in UAVs, including | detailed strategi lutions fc igating thy plex regulatory
different types of drones and sensors used in construction, which environments across different regions
enhance safety,
While providing valuable insights into Malaysia’s construction sector,
The paper provides detailed insights specific to the Malaysian the study’s findings may not directly apply to regions with different
15 Yahva et al. 111 construction industry, enhancing stakeholders’ understanding within this | regulatory, economic, and technological landscapes. Also, the study
Y ’ geographic and economic context of how to integrate drone technology | primarily utilizes qualitative methods, which, while rich in detail, may
effectively not capture the breadth of perspectives that quantitative data might
provide
The study might have a limited geographic focus, which could affect
This paper identifies specific barriers to drone adoption in construction, | the generalizability of the findings to other regions with different
16 Dejonghe !12 such as regulatory issues, technical limitations, and resistance from regulatory and economic environments. Also, the study may rely more
within the industry on theoretical analysis than empirical data, which could affect the
practical applicability of the reccommendations in real-world settings

Table 2. Contributions, limitations and research gaps of studies on drone implementation.

the thoughtful, sustainable delivery of construction projects in Saudi Arabia by discovering and recognising
the barriers to drone implementation. The phases of this study are modified from Othman et al.!'3, Buniya et

al.!', Olanrewaju et al.!''>, and Kineber et al.!!¢

, as depicted in Fig. 1. The research design follows a systematic

approach to investigate the implementation of drone technology in sustainable construction. The process begins
with the identification of the research gap, which establishes the need for this study by highlighting the lack of
comprehensive research on the barriers to drone adoption in sustainable construction.
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Fig. 1. Research design.

Following this, the study identifies and examines the drones implementation barriers, which include
various challenges and obstacles faced by the construction industry in adopting drone technology. To gather
relevant data, a questionnaire survey was developed and administered to industry professionals with direct
experience in construction and drone technology. This survey provided the primary data needed to explore
these barriers in depth.

Subsequently, a PLS-SEM model was developed. This phase is divided into two key components:

o Measurement Model: This assesses the validity and reliability of the constructs identified through EFA, en-
suring that the data accurately reflects the underlying factors.

o Structural Model: This component tests the hypothesized relationships between the constructs, allowing us
to understand the direct and indirect effects of the identified barriers on the implementation of drones in
sustainable construction.

The results of these analyses are then synthesized in the Results and Conclusions section, where the findings
are discussed in relation to the study’s objectives. The ultimate goal of this research is to provide insights that
contribute to the broader field of Sustainable Construction, offering recommendations for overcoming the
barriers to drone implementation and supporting the integration of this technology into construction practices.

It is worth mentioning that the targeted participants are with relevant expertise in the construction industry
of minimum five years of experience, including engineers, quantity surveyors, and architects. In addition, special
contractors, operators, management experts, heavy-duty contractors, project executives, and staff directly
involved in building projects were also included. To ensure a representative and informed sample, a stratified
sampling method was employed, allowing us to specifically access subpopulations critical to this study, given
the relatively new application of drone technology in Saudi Arabia!*. This approach was carefully chosen to
obtain the most precise and reliable results, reflecting the perspectives of those most knowledgeable about
the challenges and potential of drone implementation in the construction sector. Using the commonly used
Likert 5-point scale—*“5” was extremely high, “4” was high, “3” was normal, “2” was low, and “1” was very
low—respondents were given drone hurdles based on their knowledge and experience!!”!!8, This has been
accomplished in order to provide participants with a variety of responses that are based on prior building project
experience. The sample size was based on the aim of the analysis!!’®. A descriptive study, such as determining
a normal distribution curve’s mean, mode, and median, would require more than thirty examples'?’. Yin!?!
suggested using a sample size greater than 100 for multivariate statistical analysis (e.g. PLS-SEM). On the other
hand, Hair et al. (2016)!'*> recommended threshold is typically 100~150 respondents for models with medium
complexity in PLS-SEM. Out of 200 building experts, 147 were approached in person (self-administered) and
accepted for SEM analysis because this study used an SEM technique. They represented around 73% of the total
response rate. For these kinds of investigations, this amount of return is deemed sufficient!?>!23. The individual
approach and the extended period (100 days) allocated for data collecting were the reasons for the high response
rate. Ethical approval was not required for this study, as per the policy of Prince Sattam bin Abdulaziz University,
which exempts studies using anonymous surveys without sensitive personal data or interventions from requiring
formal ethical review.

Scientific Reports|  (2025) 15:19623 | https://doi.org/10.1038/s41598-024-76470-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Developing PLS-SEM model

The PLS-SEM model is widely used in various research fields, including social and management sciences, due to
its flexibility and robustness in handling complex models with multiple constructs'**. The method is particularly
advantageous in situations where the research objective is predictive and the model involves formative constructs
or smaller sample sizes, making it an ideal choice for exploratory studies like the present study. Different forms
of research that employed the PLS-SEM method have been prominently featured in numerous high-impact
journals, underscoring its credibility and widespread acceptance in the academic community'4>-147.

In this present study, SMART-PLS software (version 3.2.7) was employed to analyze the data and to model the
relationships between the constructs using SEM. This software is well-suited for cloud computing and complex
statistical modelling, allowing for a comprehensive examination of the hypothesized relationships. Initially, PLS-
SEM was recommended for its robust predictive capabilities compared to covariance-based SEM (CB-SEM),
particularly when the research model is complex and when the theory is less developed. Although CB-SEM has
traditionally been favoured for theory testing, PLS-SEM has gained recognition for its ability to manage non-
normal data and small to medium sample sizes effectively, with inconsistencies between the two approaches
being comparatively low!4%.

In this study, the structural and measurement model assessments were integrated within the PLS-SEM
analysis, ensuring a rigorous evaluation of both the reliability and validity of the constructs as well as the
relationships between them. This dual approach is crucial for confirming the robustness of the model and for
providing accurate predictions of the relationships under investigation. Adopting PLS-SEM ensured that the
analysis was not only theoretically sound but also methodologically appropriate, given the nature and objectives
of our research.

In this study, based on the extensive literature review in Sect. 2, six key barriers were identified as independent
variables that influence the implementation of drone technology in the construction industry. These variables
are critical to understanding the challenges faced by the industry in adopting this emerging technology and are
categorized based on previous studies'!. :

1. Regulations: This variable encompasses the regulatory challenges that can impede drone adoption. Regula-
tions may include legal restrictions, compliance requirements, and policy barriers that limit the use of drones
in construction projects.

2. Public Perception and Psychological Factors: This variable reflects societal acceptance and psychological
barriers related to drone usage. Concerns about safety, privacy, and general apprehension about new technol-
ogies can affect the willingness of stakeholders to adopt drones.

3. Environmental Issues: This variable highlights concerns regarding the environmental impact of drones.
These may include potential negative effects on wildlife, noise pollution, and the carbon footprint associated
with drone operations.

4. Economic Aspects: This variable focuses on the financial challenges and costs associated with drone im-
plementation. The cost of purchasing, maintaining, and operating drones can be a significant barrier for
construction companies, particularly smaller firms.

5. Technical Issues: This variable covers the technical limitations and challenges associated with drone tech-
nology. These challenges may include issues related to drone performance, reliability, data processing, and
integration with existing construction processes.

6. Threat to Privacy and Security: This variable represents concerns about privacy and security, which can
hinder the acceptance and use of drones. The potential for drones to infringe on privacy, as well as security
risks related to data breaches, are significant barriers that must be addressed.

The dependent variable in the model is Drones Implementation Barriers, which encapsulates the overall
impact of these identified barriers on the successful adoption of drones in the construction sector. By analyzing
the relationships between these independent variables and the dependent variable, this model provides a
comprehensive understanding of the factors that need to be addressed to facilitate the widespread adoption of
drone technology in construction.

Common method variance

The common method variance (CMV) is an inconsistency correspondence attributable to concepts and analytical
tools applied'?%. Sometimes, individual data might exaggerate or predict the level of analysed connections and
prompt challenges!?>126. Hence, it is important for this study because all the analysed data is one-sided, personal
and derived from a particular source. Likewise, it is important to consider these problems and identify any
variation in the standard approach. Podsakoff and Organ'?” explained a proper single-factor measurement
derived from the factor analysis, representing a large variance percentage!?®. The measurement (or dimension
model) indicates the correlations among variables and their latent concealed structure!28. The convergent and
discriminant validity of the model are discussed in the following sections:

Convergent validity Convergent validity (CV) illustrates the extent of the covenant between two or more var-
iables or tools of a comparable construct!?. It is recognised as a subset of the construct validity. Regarding PLS,
the estimated constructs CV can be defined via three (3) tests'*’: Average Variance Extracted (AVE), Cronbach
Alpha (« ) and Composite Reliability Scores (Pc). Nunnally and Bernstein (1978) also suggested a 0.7 Pc value
and above for satisfactory composite reliability. In any analysis, 0.7 or above and 0.6 for empirical analysis are
considered satisfactory!®!. The newest was the AVE, an archetypal tool used to evaluate the CV constructs in the

measurement model. CV values above 0.5 are considered satisfactory!>!.
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Discriminant validity The discriminant validity (DV) suggests that the studied problem is procedurally dis-
tinct and describes that no measurement ascertains the singularity being assessed in SEM'32. In contrast, Camp-
bell and Fiske (1959) argued that the relationship between variables or different tools must be greater for DV to
be performed.

Analytical model This research aimed to discover and highlight drone adoption barriers via the SEM tech-
nique. The path coefficients among the computed coeflicients should be recognised to obtain this. Hence, the
fundamental correlation or path correlation was hypothesised between drones £ barriers and p drone barriers.
Thus, the underlying correlation among &£ , i and ?1 rule in the analytical model is defined as inner correla-
tion and might be illustrated as an undeviating equation!3:

n=8%& +71 (1)

Where () represents the path coefficient connecting constructs of drone implementation barriers €1 represents
the residual structural intensity variance likely to occur, and B is the consistent weight of regression, comparable
to the B weight within multiple regression model. The emblems must be concurrent with the model estimates
and analytically substantial. Regarding CFA, a bootstrapping technique built in the SMART-PLS 3.2.7 statistical
package was employed to calculate the path coefficient’s standard error. This is conducted on 5000 sub-samples
following Henseler et al. (2016), marking out the analysis of the statistical hypothesis. Four (4) structural equations
regarding drone implementation construct barriers were also developed for the PLS model. It indicated the inner
correlations of the constructs and Eq. 1.

Results and discussion

Demography of respondents

147 respondents participated in this study, all professionals within the construction industry. The demographic
details of the respondents are summarized as follows:

« Gender: The sample comprised 112 males (76%) and 35 females (24%).

o Age: The respondents were categorized into four age groups: 20-30 years (25%), 31-40 years (40%), 41-50
years (20%), and above 50 years (15%).

« Education Level: The educational qualifications of the respondents included Bachelor’s degrees (50%), Mas-
ter’s degrees (35%), and PhDs (15%).

« Professional Experience: The respondents had varying levels of professional experience in the construction
industry: less than 5 years (20%), 5-10 years (35%), 11-20 years (30%), and more than 20 years (15%).

« Job Roles: The participants held different positions within the construction sector, including engineers (40%),
project managers (25%), architects (20%), quantity surveyors (10%), and other related roles (5%).

Common method variance

One-factor analysis was employed to assess the discrepancy in the standard procedure!*. If the sum variance of
the factor is below 50%, it indicates that the date was not influenced by the common method variance-CM V%7,
Likewise, the results indicated that the original components account for 42% of the total variance. Hence, it can
be inferred that the CMV did not affect the findings because it is below 50%%".

Measurement model

The evaluation of the measurement model comprises estimating (i) average variance extracted (AVE), (ii)
discriminant validity, and indicator reliability, as described by Hair Jr et al.!3>. The PLS algorithm was employed
in this study after Wong'*'. Generally, indicators with outer loadings ranging from 0.4 to 0.7 must be tested
for elimination from the scale, provided the indicator results lead to a substantial rise in composite reliability
and AVE!®. Those variables with 0.5 as outer loadings were classified as noncompliant with the standard and,
as suggested, were eliminated from further analysis'3>. Therefore, it can be inferred that the level at which
the indicator variance is approximately 50% was explained by its factor and the level at which the explained
inconsistency is greater than the variance.

Figure 2 illustrates the initial structural equation model used to identify and analyze the barriers to drone
implementation in the construction industry. This model represents the first iteration before modifications were
made to remove indicators with low outer loadings. The constructs and their respective indicators are outlined.
First, the “Regulations” construct represents the regulatory challenges associated with drone implementation.
It is measured by six indicators (R1 to R6), with factor loadings ranging from 0.684 to 0.804. These loadings
indicate the strength of each indicator in representing the regulatory barriers. Second, the “Public Perception
and Psychological Factors” construct addresses societal and psychological challenges to drone adoption. It
includes seven indicators (P1 to P7), though some indicators (P4, P5, and P6) show lower loadings, indicating
weaker associations with the construct. The factor loadings for this construct range from 0.325 to 0.755.
Third, the “Environmental Issues” construct addresses environmental concerns with four indicators (Enl to
En4). The loadings range from 0.676 to 0.844, indicating a strong representation of environmental barriers
by these indicators. Fourth, the “Economic Aspects” construct highlights the economic barriers to drone
implementation. It is measured by five indicators (Ec1 to Ec5). While most indicators show high loadings (Ec2,
Ec3, Ec4), indicating strong representation of economic barriers, a couple of indicators (Ecl, Ec5) have low
loadings, suggesting weaker associations.

Fifth, the “Technical Issues” construct encompasses the technical challenges related to drone technology. It
is measured by seven indicators (Tel to Te7), with factor loadings ranging from 0.232 to 0.872. Most indicators
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Fig. 2. Initial Model.

show strong loadings, except for Te5, which indicates a weaker representation. Sixth, the “Threat to Privacy
and Security” construct reflects concerns about privacy and security related to drone usage. It includes six
indicators (T1 to T6), with loadings ranging from 0.561 to 0.844, showing a strong association of these factors
with the construct. On the other hand, “Drones Implementation Barriers” is the central dependent variable,
representing the overall barriers to drone implementation in the construction industry. The model shows that all
the independent constructs (Regulations, Public Perception and Psychological Factors, Environmental Issues,
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Economic Aspects, Technical Issues, and Threat to Privacy and Security) contribute to this central construct. The
factor loading for this construct is 1.000, indicating a perfect fit within the model.

As this is the initial model, it includes all proposed indicators, some of which exhibit low outer loadings.
Indicators with particularly low loadings, such as P4, P5, P6, Ecl, Ec5, and Te5, were identified for potential
removal in subsequent iterations of the model, as shown in Fig. 3. The process of refining the model by removing
these low-loading indicators is crucial for improving the reliability and validity of the constructs, thereby
enhancing the overall fit and explanatory power of the model.

Thus, the outer loadings from ecl, ec5, P6, p5, and p4 were removed from the original measurement model
since meagre factor loadings were less than 0.5. Hence, it can be validated from their trivial effects on the related
constructs. More so, a modified model was evaluated after eliminating the trivial constructs due to Cronbach
Alpha limits. The sensitivity concerning internal consistency and convoluted variables was estimated concerning
Composite Reliability (CR) following Hair Jr et al.13%. In this type of analysis, cr values above 0.7 are considered
suitable, as Hair Jr et al. (2016) indicated.

Similarly, CR values above 0.6 are considered satisfactory for exploratory analysis'>!. Based on this analysis,
the model achieved a CR threshold value higher than 0.7, as indicated in Table 3, and thus, it is satisfactory. AVE
is a distinctive technique for evaluating the convergent validity of model constructs with values above 0.5. Thus,
it suggests a satisfactory convergent value concurrent with the existing literature!®!. As shown in Table 4, the
results indicated that the entire model constructs passed the test. The findings, as contained in Table 4, revealed
that all concepts of the model pass the test.

After obtaining a significant variation among the model constructs through the experiential standard, the
discriminant validity (DV) will likely be outlined. Hence, establishing DV explains the peculiarities not defined
properly by other model constructs'®”. The estimation of DV could be done in the following ways: i) Hetotrait-
Monotrait Ration of Relationships (HTMT) and Fornell-Larcker’s (1981) Principle. The square root of the AVE
of each construct was related to the correlations of an individual construct with the remaining constructs to
evaluate the DV. The square root of DV has to be bigger than the correlations among the hidden constructs based
on the criterion of Fornell and Larcker'*. The results of this study have developed the analytical models’ DV,
summarised in Table 5'%,

Equally, many scientists have mastered the Fornell and Larcker (1981) criterion of normal DV. However,
Henseler et al.!** recommended a distinct technique for DV estimation (i.e., HTMT). This is a new approach
for DV estimation of variance-based SEMs and calculating what might be a precise correlation between the
two variables (or constructs) that are estimated accurately, i.e., if the binary variables are measured consistently.
Likewise, this study employed the HTMT model to assess the DV. Hair et al.!*? contended that the HTMT values
have to be less than 0.9 and 0.8. Thus, it implies that the binary constructs are different. Suppose the model
constructs are comparable theoretically; the values of HTMT should be less than 9.0.

In contrast, if the HTMT values have to be less than 0.850, the model’s constructs must be different
theoretically. The values of HTMT based on the analysed constructs are summarised in Table 3. Thus, the
constructs have indicated satisfactory DV.

131

Verification path model

Once the drone technologies were demarcated as influential constructs, the collinearity amongst the formative
construct’s variables might be assessed more by assessing the variable inflation factor (VIF). Likewise, the
results indicated that all the values of VIF were less than 3.50. Hence, it suggested that these sub-constructs
have independently supported the higher-order construct. In addition, the bootstrapping approach was used
to predefine the effects of the path coefficients'*?. All paths were significant statistically at 0.01 level'?®. This is
further exemplified in Figs. 2 and 3, and 4; Table 6.

Figure 4 illustrates the results of the bootstrapping analysis, showcasing the path coefficients between the
identified barriers and the central construct, “Drones Implementation Barriers” The path coeflicients, along with
their significance levels (p-values), are displayed on each arrow. The values indicate the strength and significance
of the relationships, with all paths showing statistically significant connections (p <0.05), thereby reinforcing the
robustness of the model in explaining the barriers to drone adoption in the construction industry.

Discussion

This study employed Partial Least Square (PLS)-Structural Equation Modelling (PLS) and created a model for
drone implementation barriers for sustainable building. The PLS-SEM modelling has been extensively used to
study aspects of sustainable construction/ building concerning robotics, automation and drone technology. The
PLS-SEM model established in this study offers valuable benefits concerning sustainable construction. Such
results could increase understanding of barriers to drone implementation for sustainable construction. The PLS-
SEM model discovered that regulations were the most important hurdle to DRONE application in construction.
Several studies have reported similar results using the PLS-SEM approach!41-143,

However, Aghimien et al.!? discovered that construction forms are still lagging concerning drone/UAV
implementation, and most of the implementing firms are uncertain about using UAVs for their project delivery.
In contrast to regulation, which is the major barrier to drone implementation, as revealed by this study, the
study also revealed that the major factors affecting drone implementation in construction are: i) companies’
willingness to use drones. Others comprised effort expectancy, performance expectancy, social influence and
facilitating circumstances. Hence, these factors that formed a barrier to drone implementation and supposed
threat cannot be ignored since they have proven significant. Hence, addressing these barriers in addition to
regulation could help narrow the existing gap in the literature by discovering the experts’ behavioural intention
to implement drones for sustainable construction.
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Notably, regulations and other drone implementation barriers exist in developed and developing countries

These barriers are related to cost/economic factors that affect the development of drone implementation regarding
the digitisation of the construction process in the built environment. Additionally, there are other critical
barriers to drone implementation for sustainable construction. Onososen et al.'** further identified regulatory/
technical factors as major barriers to drone implementation for sustainable construction. Therefore, the current
results showed that addressing the regulations/rules concerning drone implementation could facilitate policy

prescription to guide drone implementation for sustainable construction.
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Constructs Economic aspects | Environmental issues | Public perception and psychological | Regulations | Technical issues
Economic aspects

Environmental issues 0.083

Public perception and psychological | 0.164 0.701

Regulations 0.144 0.617 0.762

Technical issues 0.774 0.078 0.132 0.118

Threat to privacy and security 0.167 0.688 0.805 0.668 0.105

Table 3. HTMT Values.

Constructs Cronbach Alpha | Composite Reliability | Average Variance Extracted (AVE)
Economic aspects 0.879 0.925 0.804
Environmental issues 0.769 0.851 0.591
Public perception and psychological | 0.66 0.797 0.696
Regulations 0.84 0.883 0.557
Technical issues 0.907 0.928 0.683
Threat to privacy_ and security 0.781 0.845 0.584

Table 4. Construct reliability and validity tests.

Threat to
Public perception and privacy and
Constructs Economic aspects | Environmental issues | psychological Regulations | Technical issues | security
Economic aspects 0.897
Environmental issues 0.008 0.769
Public perception and psychological | 0.115 0.668 0.704
Regulations 0.131 0.505 0.72 0.746
Technical issues 0.868 0.011 0.092 0.103 0.827
Threat to privacy and security 0.147 0.565 0.617 0.57 0.069 0.696

Table 5. Correlation of latent variables and discriminant validity (Fornell-Larcker).

Current findings also concurred with those of Aiyetan and Das [170], who discovered that many factors
and barriers under operational, economic, environmental, social-legal, and building-related aspects affect drone
implementation. Conversely, five tactical dealings that comprised the formation of government policy objectives,
rules and legal requirements, promoting competency building via piloting and training licences, authorising
use of air space by drones for construction in and around project locations, cost analysis of drone and drone
operations in the project budget and formation of company culture for implementing technological change can
facilitate drone use in the building industry, particularly in emerging countries. Hence, it is essential to prepare
for safe flight using drone protocols in the building industry!'*. Therefore, regulatory frameworks are required
for standard cases of drone implementation for sustainable construction. Activities outside the regulatory
frameworks must be properly appraised for regulation in the construction domain'“®. These regulations govern
the capabilities and types of drones implemented for sustainable construction. The summary of findings and
discussion is listed in Table 7 below.

Managerial and theoretical implications

Even though the idea of sustainable construction is not new'¥, it is clear that performance is a progressively
essential function in different companies'*®. Thus, the suggested ranking procedure is a significant barrier to
drone adoption, particularly for sustainable construction. The suggested model was used in this research to
differentiate the barriers to drone implementation. Hence, the existing gap between drone implementation
theory and practice has been narrowed by this research. Conversely, based on the available literature, there
are limited research outputs regarding tackling drone implementation barriers by construction industries in
Saudi Arabia. This study began by systematically analysing the key barriers to drone implementation that could
assist drone use in the construction industry. Consequently, this inference has created a basis for future studies
regarding the barriers to drone implementation by the construction industry in developing countries, especially
regarding construction management aspects. The theoretical aspect of this research provided an analytical
procedure for assessing the drone barriers that might be used successfully in Saudi Arabia and other emerging
countries worldwide.
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Fig. 4. Performing bootstrapping analysis with path coefficients.

The six aspects of drone implementation barriers by the construction industry in Saudi Arabia were studied
using the PLS-SEM technique. Thus, this study provided a framework for aiding new drone implementation
stakeholders. Similarly, this study can have implications for the construction industry as follows:

It outlined the barriers to drone implementation and the related measurement to assess the importance of
drone implantation and how those barriers can be tackled to expedite drone implementation. Findings could
assist clients, consultants, and constructors in evaluating and eliminating the barriers to drone implementation
and facilitate the accuracy of construction projects.
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Paths B Mean | SD Pvalues
Economic aspects -> Drones Implementation _Barriers 0.13 |0.121 |0.062 |0.035
Environmental issues -> Drones Implementation _Barriers 0.23 0.226 [0.033 |0

Public perception and_psychological -> Drones Implementation _Barriers | 0.207 | 0.203 |0.025 | 0
Regulations -> Drones Implementation _Barriers 0.357 | 0.348 | 0.038 | 0
Technical issues -> Drones Implementation _Barriers 0.216 | 0.205 | 0.109 | 0.047
Threat to privacy_ and security -> Drones Implementation _Barriers 0.287 | 0.28 |0.031 |0

Table 6. Path analysis results.

Key Discussion Points

Details

Key Barriers to Drone
Implementation

- Regulations: Complex and varying legal frameworks, airspace management issues. - Economic Aspects: High initial costs and economic
impact on traditional jobs. - Environmental Concerns: CO2 emissions, noise pollution, wildlife disturbance. - Societal Perception: Public
distrust, privacy concerns, fear of surveillance. - Confidentiality and Safety Risks: Unauthorized data collection potential cyber-attacks. -
Practical Concerns: Limited battery life, weather dependency, mid-air collision risks.

Most Significant Barrier

Regulations were identified as the most significant barrier to drone implementation due to the need for clear legal frameworks and
standardized policies across different regions.

PLS-SEM Model Findings

The PLS-SEM model highlighted significant relationships between the identified barriers and their impact on adopting and effectively
implementing drones in the construction industry.

Comparison with Previous Studies

Findings are consistent with those of Aghimien et al. and Onososen et al., who identified regulatory, economic, and practical barriers as
major challenges to drone adoption in construction.

Recommendations for Overcoming
Barriers

- Government Policy Objectives: Developing clear and supportive regulations. - Training and Certification Programs: Ensuring pilots are
well-trained. - Regulatory Frameworks: Creating standardized policies. - Cost Analysis: Evaluating and managing initial and ongoing costs.
- Company Culture for Technology Adoption: Promoting a culture of innovation and technology adoption within construction firms.

Implications for Practitioners and
Researchers

- Provides a structured framework for identifying and addressing barriers. - Helps develop strategic approaches for effectively implementing
drone technology in construction

Future Research Directions

- Automation and Robotics Barriers: Further exploration of these barriers. - Cost, Training, and Regulatory Challenges: Address these
challenges in depth. - Application of PLS-SEM Model: The model will be used in different regions and industries to validate findings

Impact on Sustainable Construction

- Enhances understanding of the barriers to drone adoption. - Provides a foundation for policy and strategic development to support
sustainable construction practices.

Table 7. Summary of findings and discussion.

This study has illustrated a systematic proof that can assist developing nations in implementing drones in
the construction industry by tackling the existing barriers. This scope of drone implementation has largely
concentrated on developed nations. Hence, there is limited research output regarding drone adoption by
construction industries in emerging nations, including Saudi Arabia. Therefore, this study has related drone
implementation to Saudi Arabia’s construction sector by laying a strong basis for removing drone implementation
barriers for sustainable construction of local projects.

The study developed a new PLS-SEM model, which upcoming studies can apply to assess drone
implementation barriers by the construction industry. Hence, this model could be a game changer in construction
projects. Although this study was conducted in Saudi Arabia, the suggested model will stimulate similar studies
concerning drone implementation barriers worldwide. Current results also lay a foundation for knowledge goals
regarding drone implementation, including cost-effectiveness and acceptable budget allocations to construction
projects. Thus, key stakeholders can concentrate on the project goal concerning time, productivity and spending
by developing and tracking the intended strategies. Thus, it could assist in achieving high standards and
sustainability for construction projects. The summary of managerial and theoretical implications is listed in
Table 8 below.

Conclusion and recommendations

This study has provided valuable insights into the challenges and potential of drone technology in enhancing
the construction industry’s efficiency and sustainability, particularly within the context of Saudi Arabia.
Through the application of the PLS-SEM approach, we developed a comprehensive model that identifies key
barriers to drone adoption, including regulatory challenges, public perception issues, technical limitations, and
economic constraints. Our findings underscore the viability of drones as a transformative tool in addressing
the complexities of large-scale construction projects in developing nations, where such technology remains
underutilized. The proposed model serves as a practical framework for construction stakeholders in Saudi
Arabia, guiding them in overcoming these barriers to achieve better project outcomes, including cost reduction,
time management, and improved project quality. However, given the unique regulatory, economic, and social
environments of Saudi Arabia, these findings may not be directly applicable to other regions. Future research
should focus on conducting similar studies in different geographical contexts to validate and refine the model,
ensuring its broader applicability. Such comparative analyses could offer a deeper understanding of the global
barriers to drone adoption in construction and support the development of tailored strategies that accommodate
regional differences, ultimately promoting the widespread implementation of this promising technology.
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Implications

Details

Relevance to Sustainable
Construction

Highlights the growing importance of performance and sustainability in construction projects, emphasizing the need for innovative technologies
like drones.

Practical Framework

Offers a practical framework for construction companies to identify and address barriers to drone implementation, promoting more efficient and
effective project management.

Addressing the Gap

Narrows the gap between theoretical research and practical application by systematically analyzing key barriers and providing actionable insights.

Recommendations for
Practitioners

- Developing Government Policies: Advocating for clear and supportive government policies. - Training Programs: Implementing comprehensive
training and certification programs for drone operators. - Regulatory Frameworks: Establishing standardized regulatory frameworks to facilitate
drone adoption. - Cost Analysis: Conducting thorough cost analyses to manage the financial aspects of drone implementation. - Promoting a
Culture of Innovation: Encouraging a company culture that supports technological advancements and innovation.

Implications for Developing
Countries

Provides a basis for future research and practical insights to help developing countries tackle barriers to drone implementation, contributing to
sustainable construction practices.

New PLS-SEM Model

Introduces a new PLS-SEM model that future researchers can use to assess barriers in different contexts, enhancing the robustness and applicability
of the findings.

Policy and Strategic
Development

Supports the development of policies and strategic plans that can improve drone adoption and promote sustainable construction practices.

Enhancing Project
Management

Offers tools and frameworks that can lead to better project management, increased cost efficiency, and higher construction project standards.

Table 8. Summary of Managerial and theoretical implications.

Data availability
The data supporting the findings of this study are available from the corresponding author, Ahmed Osama
Daoud, upon reasonable request.
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