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TOWARDS DIGITALIZATION IN THE CONSTRUCTION 
INDUSTRY WITH IMMERSIVE AND DRONES 
TECHNOLOGIES: A CRITICAL LITERATURE REVIEW 
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technologies. There is significant progress of research in adopting technologies such as 

Unmanned Aerial Vehicles (UAVs), also known as drones, and immersive technologies in the 
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construction industry and highlighting the potential applications of these technologies, either 

individually or in combination and integration with each other. 

Design/methodology/approach - In this study, a critical literature review was utilized in order 

to provide a clear review of the relevant existing studies. The literature was analyzed using the 

meta-synthesis technique to evaluate and integrate the findings in a single context. 

Findings-The key findings are: (1) UAVs in conjunction with 4D BIM can be used to assess 

the project progress and compliance checking of geometric design models, (2) immersive 

technologies can be used to enable controlling construction projects remotely, applying/checking 

end users requirements, construction education and team collaboration. 

Faris Ali Khairy Elghaish, Sandra Tawfiq Matarneh, Saeed Talebi, Michail 
Kagioglou, M. Reza Hosseini & Sepehr Abrishami  
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Practical implications -A detailed discussion around the application ofUA Vs and immersive 

technologies is provided. This is expected to support gaining an in-depth understanding of the 

practical applications of these technologies in the industry. 

Originality/value - The review contributes a needed common basis for capturing progress made 

in UA Vs and immersive technologies to date and assessing their impact on construction projects. 

Moreover, this paper opens a new horizon for novice researchers who will conduct research 

towards digitalized construction. 

Keywords -Literature review, digitalization, immersive technologies, Building Information 

Modelling, Unmanned Aerial Vehicles. 

Paper type -Literature review 

1. Introduction

Industries and sectors have been on the evolution path for digitalization. Similarly, over the past 

decade, digitalization in the construction industry has been trending. The rapid development of 

information technology and systems has played a pivotal role in expediting the implementation of 

digitalization in the industry (Elghaish et al., 2020). In particular, the constant increase in labour 

costs, along with the decreasing price of technologies, has encouraged the recent advance of new 

digitization processes and the movement to industry 4.0 (Golizadeh et al., 2018, Newman et al., 

2020). 

Building Information Modelling (BIM) was considered as a specialized tool for the industry just a 

decade ago and it is one of the main embodiments of digitalization (Howard and Bjork, 2008). In 

addition to BIM, the adoption of more recent digital technologies such as Unmanned Aerial 
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Vehicles (UA V s) and immersive technologies are becoming more popular in construction projects. 

In particular, technologies related to UAVs, also known as drones, flying robots or Unmanned 

Aerial Systems (UAS) have experienced an unusual growth and have become much more 

affordable (Martinez et al., 2020). This makes many UAV-based applications possible for the 

automation of the construction process, such as information gathering (e.g., taking photos), 

surveying construction sites (Bang et al., 2017), monitoring construction progress, Liu et al. (2014) 

inspecting built infrastructure (Kim et al., 2015) and evaluating usability in relation to the safety 

assessment of the construction site (Gorn;alves et al., 2017). 

The construction industry has started to widely embrace immersive technologies, namely Virtual 

Reality (VR), Augmented Reality (AR) and Mixed Reality (MR). The concept of VR was 

established 50 years ago and it allows the replacement of a user's perception of the surrounding 

environment with a computer-generated artificial 3D environment (Zhou et al., 2012). AR 

technology integrates images of virtual elements into the real world. AR technology, with its 

capability, could enhance the user's perception of virtual prototyping with real entities by 

connecting to the real world while maintaining the flexibility of the virtual world (Hou et al., 

2013). To put it in a few words, the definition of VR and AR is based on the involvement of the 

visual sensations from the real world regardless of the establishment of immersion or the 

mechanisms of the display (Wolfartsberger, 2019). The combination ofreality and virtuality can 

be defined as an MR. MR is a technology that blends real and virtual worlds to generate a brand

new environment where physical and digital objects can interact simultaneously (Chi et al., 2013). 

The tremendous potential of these immersive technologies could transform the ways in which 

construction companies consume and interact with information (Baton, 2018). 
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The adoption of the aforementioned technologies is expected to lead to better project delivery 

(Ammar et al., 2018), improved communication between stakeholders, informed decision making 

(Elghaish et al., 2019), reduced on site injuries and fatalities (Aghimien et al., 2019), and improved 

productivity (Leviakangas et al., 2017). However, there is still little research that explores the 

potential applications ofUA Vs and immersive technologies, either individually or integrated with 

other technologies. Therefore, the aim of the research reported in this paper is to discuss the latest 

developments and applications of these technologies in the construction industry. Therefore, in 

this paper, the existing attempts as well as future trends are explored to help novice researchers 

find research gaps and understand the way those technologies can be correlated. Within the paper, 

the discussion of each digital technology will be structured as follows: (1) overview of the 

technology; (2) applications in the construction industry; and (3) key findings and conclusions. 

2. Methodology

Webster and Watson (2002) state that the aim of the literature review is to address the research 

gap by identifying, evaluating and integrating the previous findings from relevant and similar 

studies. The mechanism of using the literature review in this paper is adopted in order to: (1) 

understand the progress achieved by other researchers to build the research base that can be used 

as a point of departure (Cohen et al., 2013); (2) build an integrated context that respects the 

arrangement between the different ideas while showing the contradiction between the theories in 

order to build a reliable argument (Saunders et al., 2016); (3) articulate specific statements and 

build arguments around each statement, using different views while linking them together in a 

single context. Epistemology is a philosophical term that discusses the nature, structure and scope 

of the knowledge, therefore, the epistemology explores the sources that shaped the knowledge 

such as perception, memory, and different types of reasoning (Goldman, 2004). One of the 
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epistemological position is the Interpretivist that refers to discovering the reality from human 

views (human experience and perceptions) (Cohen and Manion, 1994). Therefore, the 

Interpretivist paradigm is used in this research to understand the contexts and beliefs that are 

socially constructed (Willis et al., 2007). 

In this research a critical literature review was utilized in order to provide a clear review of the 

relevant studies pertaining to the proposed questions so as to explore the specific issue and fill the 

gap in a specific field of knowledge (Arbnor and Bjerke, 2008). Relevant publications were found 

using the online search, which is the dominant method of identifying the most relevant papers. 

Prominent journals and conferences were targeted in this step according to specific criteria, 

namely, the category of journals (QI and Q2) using Scopus classification and the date of the 

publication begins from 2008. The following major online databases were targeted for conference 

papers: IEEE, Thomson Reuter's Web of Science, ProQuest (ABI/INFORM), ScienceDirect 

(Elsevier) and Xplore. Different keywords were employed such as 'virtual reality in construction', 

'augmented and mixed reality in construction', 'drones applications in construction' and 'health 

and safety using drones in construction'. After downloading the research papers from different 

sources, these papers were categorized in corresponding to different themes and sub-themes 

regarding immersive technologies and UA V s. Subsequently, the interpretive analytical techniques, 

more specifically, the critical and meta-synthesis techniques, were used to analyze the literature. 

The interpretive analytical techniques were used in this research as they are non-statistical 

techniques to evaluate and integrate the findings in a single context so as to identify the key 

elements in each study (Leary and Walker, 2018). Accordingly, after selecting the studies that 

were to be analyzed, they were listed in relation to each theme. Ultimately, the findings were 

summarized and interpreted in an integrated context (Brinkmann, 2013). 
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3. Unmanned Aerial Vehicle technologies

3.1 Potential applications and benefits 

UA Vs are revolutionizing a wide range of construction activities through their advanced data 

collection capabilities (Asadi et al., 2020). UA V-based application surpasses conventional 

methods on construction sites in terms of accuracy, efficiency and cost effectiveness ( Greenwood 

et al., 2019). However, there are still a few publications that have explored the benefits ofUAV in 

the construction industry. Initial research in this area has been largely exploratory, examining the 

potential application areas and the benefits of UA V capability. For example, Irizarry and Costa 

(2016) explored the potential benefits of a small-scale aerial drone for safety managers within the 

construction job-site. The results of this study led to recommendations for the required features of 

an ideal safety inspection drone. Liu et al. (2014) gave an overview of the state of UAV 

developments and their possible applications in civil engineering. This study presented a summary 

of the potential applications ofUA V in seismic risk assessment, transportation, disaster response, 

construction management, surveying and mapping, and flood monitoring and assessment. 

The research in this area remained very limited until 2016 when the number of annual publications 

became relatively significant, indicating that UA V research had come into its own as an 

independent research area. Irizarry and Costa (2016) presented an exploratory case study to 

identify the potential applications of visual assets obtained from UASs for construction 

management tasks. The results revealed the potential applications of UASs mainly for project 

progress monitoring, job-site logistics, evaluating safety conditions and making quality 

inspections, among other secondary management tasks. Goessens et al. (2018) aimed to prove the 

feasibility of building real-scale structures, in particular masonry structures, with big custom-built 

drones. In particular, the objective was to investigate drones' precision and their behavior while 
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transporting, handling and laying loads, but also to draw up the first guidelines for the design of 

"drone-compatible" construction elements. The results show that using UA V s for the construction 

of future real-scale structures is certainly not a utopia and is very promising. However, further 

development is required, not only in terms of the drones themselves, but also regarding the 

transition from the laboratory stage to the construction of real structures with complex geometry, 

composed of slabs, walls, connections and finishing. Li et al. (2018) focused entirely on 3D path

planning algorithms for drones in the indoor environment. In this study a novel approach to 

planning universal paths for drones in a known indoor environment using a voxel model was 

presented. This approach can make the drone fly at some distance from the obstacles by computing 

a 3D buffer around the obstacles, using our algorithm 3D, propagating approximate Euclidean 

distance transformation (3D P AEDT). Alvares et al. (2018) presented an exploratory study that 

aimed to assess the potential use of 3D mapping of buildings and construction sites using 

unmanned aerial-system (UAS) imagery for supporting construction-management tasks, based on 

two case studies developed in residential construction projects. The findings showed that 3D 

mapping from UAS imagery can offer a wide, fast and external view from different perspectives 

of the construction site, facilitated by greater interactivity between user and tool, as both 360°

viewing and the manipulation of 3D models are possible. Bogue (2018) discussed the role of 

drones and developments in autonomous ground vehicles and then presented different types of 

drones and their application areas in the construction industry with applications including the 

surveying of sites prior to the start of construction, the monitoring of project progress, stockpile 

and inventory monitoring, transport logistics, health and safety assessment and locating potential 

hazards, promotional photography and marketing. Goessens et al. (2018) study aimed to capture 

the merits of adopting UAS technology in the total life-cycle of a project by proposing a 

multidimensional framework that focused on four dimensions: life-cycle, a managed object, 
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potential role and stakeholder engagement. Similarly, the most recent study by Greenwood et al. 

(2019) provided a summary review of efforts related to UAV development with a focus on civil

infrastructure applications. In this study, highlights of recent achievements by UAVs in post

disaster reconnaissance, infrastructure-component monitoring, geotechnical engineering and 

construction management are presented. Lessons learned from UA V implementation and 

considerations for good practice are also discussed. Golizadeh et al. (2019) covered the topic of 

barriers to the adoption of RPAs, with an emphasis on the Australian context. Li and Liu (2019) 

investigated the current applications of multirotor drones, analyzed their benefits and explored 

their potential in the future of the construction industry. Kim et al. (2019a) evaluated human 

performance and identified the relationship between performance and experience to bring about a 

better understanding of the relationship between human performance and UAS usage. 

3.2 Automated surveying 

A traditional method of producing as-built information is for personnel to go on inspection rounds 

with printed check-lists and to take photographs for documentation (Frank, 2012). Afterwards, the 

newly gathered information should be put into files and models and transferred to contractors and 

all relevant staff (Kim et al., 2014). The efforts to maintain an updated model and schedule become 

increasingly complex with construction projects that are large in terms of spatial extent. Moreover, 

surveying applications rely mostly on labor-intensive GPS, Robotic Total Station (RTS), laser 

scanning and tachymetry (Barbarella et al., 2017). There are air- or space-borne technologies 

available, but their selection depends on the terrain and on the size of the area that must be surveyed 

(Oskouie et al., 2016). They are limited in range, very labor-intensive and costly, have potentially 

high measurement errors and time consuming in terms of performance (Tang et al., 2010). UA V s 

offer a potential solution to these concerns. Once UA V technology is proved to be accurate and 
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reliable, it might assist or replace a specific segment in surveying applications (Siebert and Teizer, 

2014). The earliest study found in this review that addresses the benefits ofUAV in producing as

built was conducted by Siebert and Teizer (2014), who developed a novel approach for evaluating 

the performance of a newly designed as-built UA V system in test-bed and field-realistic 

environments. The evaluation in this study focused in particular on the magnitude of the errors in 

a UA V-based photogrammetric approach as compared with conventional surveying techniques 

used for ground truth measurements. There remained very little research in this particular field 

until the last two years when some studies were conducted to explore further the feasible use of 

UAV in automated surveying. Shazali and Tahar (2019) evaluated the geometric accuracy of a 3D 

model using UA V images. The results show that the errors between the actual measurement and 

the generated 3D model were less than 4 cm. Moon et al. (2019) evaluated the potential and the 

usability of data integration by comparing the data processed through photogrammetry, based on 

laser scanning, with a focus on earthworks. This study proposed a method for generating and 

merging hybrid point cloud data acquired from laser scanning and UA V-based image processing. 

Freimuth and Konig (2018) focused on automating and improving the process of as-built data 

generation. A framework that employs autonomous UAVs as a means for the fully automatic 

acquisition of ordered and meaningful information on the state of structural objects was presented. 

The results show that the prototype of the proposed framework is capable of guiding a UA V around 

building structures, effectively enabling it to capture as-built information on an object level. 

Marmo et al. (2019) compared the original blueprints of the Basento River bridge with the 

photogrammetric survey carried out by UAV. The comparison clearly indicates a good agreement 

between the blueprints and the surveyed geometry and demonstrates the feasibility of the modern 

techniques, such as UAV, for carrying out as-is surveys. Finally, Park et al. (2019) proposed a 

framework for the automated registration of UAV and point clouds using 2D local feature points 
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in images taken from UAVs and UGVs. This study identified the optimal angle at which to detect 

sufficient points matching the images taken by the point clouds. As a result, the study confirmed 

that full automation of spatial data collection and registration from a scattered environment ( e.g., 

construction or disaster sites) by UAVs is feasible without human intervention. 

3.3 Information management and visualization 

UAVs are becoming an essential component of virtual design and construction (VDC), giving 

architects and engineers new and efficient ways to visualize and analyze structural requirements 

from the ground upwards. During the past two years, an increasing focus on integrating UA V 

technology to enhance information management and visualization was revealed in this review. Lu 

and Davis (2018) proposed a framework to integrate unordered images, geometric models and the 

surrounding environment on Google Earth using two major components: UAV-centric image 

alignment and processing, and a Keyhole Markup Language-based (KML) image and 3D model

management system. The proposed system is aimed at providing construction engineers with a 

low-cost and low technology-barrier solution to representing a dynamic construction site through 

information management, integration and visualization. Puppala et al. (2018) developed the three

dimensional models using UAV-based photogrammetry studies to provide the health conditions 

of the structure, with a focus on material performance. Different image datasets pertaining to the 

condition of various infrastructure assets were collected using a visual range camera mounted on 

the UA V. The 3D models were then developed to visualize the collected data and analyze the 

health conditions of the structure. Ajibola et al. (2019) developed a model that integrates a 

weighted averaging and additive median filtering algorithms to improve the accuracy and quality 

of the Digital Elevation Model (DEM) produced by UAV. Analysis of the result shows a 

remarkable increase of 88% in the accuracy of the fused DEM. Li and Liu (2019) presented 
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improved neural networks to extract road information from remote-sensing images using a camera 

sensor equipped with UAV. Kim et al. (2019b) proposed a UAV-assisted robotic approach that 

can significantly reduce human intervention, as well as the time for data collection and processing, 

and provide technologies to enable cluttered environments to be frequently monitored, updated 

and analyzed so as to support timely decision-making. Ham and Kamari (2019) proposed a new 

method of automatically retrieving photo-worthy frames containing construction-related content 

that is scattered in collected video footages or consecutive images. The proposed automated 

method enables practitioners to assess the as-is status of construction sites efficiently through 

selective visual data, thereby facilitating data-driven decision-making at the right time. 

3.4 Monitoring, inspection and safety 

Construction managers, job superintendents and safety coordinators have more than enough on 

their hands when it comes to periodic inspections, job-site progress monitoring and keeping 

everyone safe on the job while focusing on delivering their projects on time and under budget 

(Ajibola et al., 2019). Although, when commercial drones can track and inspect a site faster, better 

and more accurately than a person ever could, surprisingly many construction professionals still 

inspect and monitor their sites in the old-fashioned way (Bosche and Haas, 2008). 

Progress monitoring and acceptance of construction work are important tasks during the 

construction phase of a building. However, only three studies were found in this review that 

addressed the use of drones' applications in construction projects for monitoring purposes. Bang 

et al. (2017), proposed a method to generate a panorama of a construction site by using an image 

stitching technique, with a focus on preprocessing, to help managers identify various construction 

site conditions easily with the help of high-quality image data. Vick and Brilakis (2018) presented 

a novel model aimed at automatically detecting layered road design surfaces in unlabeled as-built 
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point cloud data by using UAS. This was to generate a simulated aerial photogrammetry point 

cloud to test the performance of the proposed solution under ideal conditions. Kim and Kim (2018) 

proposed the use of a First Personal View (FPV) of a quadcopter drone as a tool for monitoring 

on-site status and communicating between construction participants. 

There were very few studies found in this review which tackled the inspection issue in construction 

projects. (2017a)Kim et al. (2017) presented a crack identification strategy that combines hybrid 

image-processing with UAV technology. The proposed system in this study has been shown 

successfully to measure cracks thicker than 0.1 mm with a maximum length-estimation error of 

7.3%. Freimuth and Konig (2018) developed an application that integrates UAVs and BIM for 

visual inspection tasks. The authors developed an application that allows the operator to plan 

inspections in a 3D environment based on BIM data to trigger inspections automatically and to 

generate safe flight paths for the UA V. A recent study conducted by Ficapal and Mutis (2019) 

presented a framework for the detection, diagnosis and evaluation of thermal bridges in fa9ade 

systems by using infrared thermography and a UAV. The framework approach focused on the 

evaluation of the general performance of the building envelope, including its actual state of 

deterioration, its obsolescence, energy consumption and functionality. Based on this foundation, 

the framework facilitates the definition of actions for retrofitting to make the best use of the 

existing structure and to determine possible scenarios. 

Recently, there has been more focus on drones' applications in construction safety. Gheisari and 

Esmaeili (2019) conducted a usability study and a heuristic evaluation of a small-scale quadcopter 

equipped with a camera as a safety inspection tool on construction sites. They ultimately concluded 

that UASs could be an ideal safety-inspection assistant, providing a safety manager with voice 

interaction with construction workers and real-time access to videos or images from a range of 
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predefined paths and locations around the job site. In another study, de Melo and Costa (2019) 

conducted two case studies to assess the applicability of UASs in collecting visual assets on the 

job site and evaluating the compliance of safety items according to safety regulations. More recent 

studies focusing on construction safety include Kim et al. (2019a), who present a UA V-assisted 

visual monitoring method that can automatically measure proximities among construction entities 

to serve as a proactive and applicable measure for safety intervention against struck-by hazards on 

construction sites and can ultimately promote a safer working environment for construction 

workers. Liu et al. (2019) proposed a safety-inspection method that integrates UA V and dynamic 

BIM. A dynamic BIM model is created by aggregating timely updated safety information with a 

BIM model in the Web environment. The synchronous navigation of UAV video and dynamic 

BIM is realized by matching the virtual camera parameters with the real ones. The proposed 

method enables the off-site managers to view the inspection video and make timely and 

comprehensive safety evaluations with the support of dynamic BIM. de Melo and Costa (2019) 

developed a conceptual framework for integrating the resilience engineering (RS) and UAS 

technology into construction projects to support the safety planning and control (SPC) process. 

This framework highlights the fact that UASs can be used to perform regular safety inspections 

which provide information to help managers' decision making, especially in tasks which involve 

a high risk of accidents, as well as promoting greater transparency. The visual assets collected with 

UASs can also be used for feedback about the SPC and to increase workers' awareness by means 

of safety training. Finally, Gheisari and Esmaeili (2019) conducted a survey study to determine 

the effectiveness and frequency of using UASs in improving safety operations or hazardous 

situations. The results indicated that the most important safety activities that could be improved 

using UASs were the monitoring of boom vehicles or cranes in the proximity of overhead power 

lines, monitoring activities in the proximity of boom vehicles or cranes and the monitoring of 
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unprotected edges or opemngs. In terms of the UAS technical features required for safety 

inspection applications, the most important features were camera movability, sense-and-avoid 

capability and a real-time video communications feed. 

4. Immersive technologies

4.1. Project Control and monitoring 

Data retrieval allows construction workers to monitor a project against the building plan efficiently 

and to ensure successful completion. For example, immersive technologies allow users to see the 

building progress against schedule virtually. highlighted in their study that AR on tablet PC or 

mobile is the best option for monitoring and tracking a construction project. They also clarified 

how AR technology has the capability to facilitate the visualizing and estimating of the performed 

work on site and to compare it with the proposed schedule of the process. Park and Kim (2013) 

added another application to schedule monitoring by connecting AR material tracking to ensure 

that the necessary materials are on site. During an eight year period several studies focused on 

using immersive technologies in construction site monitoring to provide progress visualization 

directly on the site (Ratajczak et al., 2019). 

Other studies focused on safety monitoring and proposed systems that combined immersive 

technologies and real-time tracking to improve the situational awareness of construction workers 

and to avoid hazardous situations (Cheng and Teizer, 2013, Kim et al., 2017). There were few 

studies found that focused on project scheduling. One was that by Kim et al. (2018), who 

developed an AR-based 4D CAD system which connects 4D and 5D objects with a real field image 

and an AR object to implement several types of schedule information, as well as to enable the use 

of constantly changing schedule information through AR objects. Another was by Ratajczak et al. 
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(2019), who developed a unique field application that integrates a location-based management 

system (LBMS) into BIM and an AR platform so as to detect scheduling deviations easily by 

visualizing construction progress in AR and to provide daily progress information, as well as 

performance data, regarding the construction work, as well as context-specific 

information/documents on scheduled tasks. 

4.2. Facilities Management 

To date, no commonly accepted data model has been proposed to serve as the integrated data 

model to support facility operation. Although BIM models have gained increased acceptance in 

architecture engineering and construction activities, they are not fully adequate to support data 

exchange in the post-handover (operation) phase. Few studies were found that focused on dynamic 

data integrating to support facility management (FM) activities. Sampaio et al. (2012) presented 

two prototype applications to support the performance of periodic inspections and the monitoring 

of interior and exterior wall maintenance, using VR technology. Irizarry et al. (2013) developed a 

system called InfoSPOT as a mobile AR tool to support facility managers in accessing information 

about the facilities that they maintain. Williams et al. (2015) developed a fully automated 

BIM2MAR process to provide complex geometry on a computationally simplified mobile platform 

that would help facility managers to access real-time information with the AR environment 

updating automatically as changes were made to the BIM models to enable better decisions related 

to FM activities. Paulo Carreira et al. (2018) study focused on the implementation of a virtual 

reality environment prototype of a building management system using game engine technologies 

to handle and integrate data in a flexible and dynamic way, which is essential in management 

activities underlying FM. 
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4.3. Provision of Project Information On-Site 

The capabilities of immersive technologies to pool digital data and documentation with the 

physical view is a game-changer. Examples include Yeh et al. (2012), who presented a wearable 

device that could project the construction drawings and related information to help engineers to 

avoid carrying bulky construction drawings to the site and to reduce the effort required in looking 

for the correct drawings to obtain the information needed. Kim et al. (2018) developed the HD4AR 

system to facilitate the accurate exchange of project information among field personnel, using 

existing and already available camera-equipped mobile devices. Kim et al. (2013) developed a 

comprehensive system using mobile computing technology to provide construction stakeholders 

with a sufficient level of project information required for task management, including visualizing 

the task location in an AR environment. Chu et al. (2018) evaluated the effectiveness ofBIM and 

AR system integration to enhance task efficiency through improving the information retrieval 

process during construction by developing a mobile BIM AR system with cloud-based storage 

capabilities. 

4.4. Team Collaboration and communication 

Construction projects involve collaboration between several project disciplines, including 

contractors, designers, managers and more. A successful partnership confirms that a project will 

be completed on time, as per the proposed budget. However, not all project teams involved in a 

project are always present on a job site. If any error occurs that requires immediate action to be 

agreed by all parties involved to review designs and make necessary changes, immersive 

technologies allow users to take notes and share video views of an error or design issue and to send 

information to remote teams in actual time. Pejoska et al. (2016) stated, in their study, that on-site 

project information accessibility and effective communication are significantly improving with the 
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utilization of immersive technologies, as compared with more traditional information sources. 

However, some studies were found that focused on collaboration and communication in 

construction projects. For example, some studies focused on using immersive technologies to 

facilitate collaboration and communication between the design team. One is that by Goulding et

al. (2012), who demonstrated the need for integrating collaborative design teams to facilitate 

project integration and interchange by applying a game environment supported by a web-based 

VR cloud platform to facilitate collaboration and decision making during the design process. 

Another is by Chalhoub and Ayer (2018), who examined the application of MR technologies in 

electrical construction design communication by comparing the performance of 18 electrical 

construction personnel who were tasked with building similar conduit assemblies using traditional 

paper. Du et al. (2018), meanwhile, developed a real-time synchronization system of BIM data in 

VR for collaborative decision-making. The system is based on an innovative cloud-based BIM 

metadata interpretation and communication method to allow users to update BIM model changes 

in VR headsets automatically and simultaneously. 

Other studies focused more on facilitating communication between projects' parties, such as that 

by Lin et al. (2015), who proposed a visualized environment to facilitate the construction 

discussion process by using a stationary display called BIM Table for displaying public 

information and for collaboration among disciplines and by using AR technologies to connect the 

BIM Table and the mobile devices as well as the public and private information. Zaker and Coloma 

(2018) investigated the application of a YR-based workflow in a real project. A case study ofVR 

integrated collaboration workflow was used to serve as an example of how AEC firms could 

overcome the challenge of collaboration between a project's teams, while Du et al. (2018) 
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developed a cloud-based multi-user VR headset system called collaborative virtual reality (Co VR) 

that facilitates interpersonal project communication in an interactive VR environment. 

4.5. Training and Education 

YR-based training simulators are successfully employed in many industries (e.g., aviation) to help 

to train operators and professionals in a safe environment (Sacks et al., 2013). In the construction 

industry, there is a lot of machinery involved in the building process and this requires many hours 

of training. Immersive technologies allow construction workers to receive direct instructions and 

then to act accordingly (Zhao and Lucas, 2015). Additionally, immersive technologies can provide 

a safer training environment because construction workers can work with large machinery with a 

reduced risk of injury (Goulding et al., 2012). In this review, we found several studies that focused 

on the effectiveness of using immersive technologies in avoiding exposure to hazardous job sites 

and provided recommendations for better safety training programs (Albert et al., 2014, Shi et al., 

2019). Other studies focused on developing immersive technology-based systems to provide 

students and construction workers with real practical and safety experiences (Pedro et al., 2016, 

Sacks et al., 2013, Le et al., 2015). To avoid the high costs and the time associated with VR 

technologies, researchers started to investigate the use of 360 VR to simulate construction safety 

challenges. A 360-degree VR delivers a panoramic view of a real-world environment with a high 

sense of presence (Portales et al., 2018). In contrast to traditional VR, 360 VR offers fast digital 

job site generation, easy-to produce simulations and high levels of realism due to the inherent 

photography techniques used in this technology. 

Immersive technologies are improving the speed and quality of training, allowing distant experts 

to be present (Sacks et al., 2013). Such technologies have demonstrated the potential to provide 

education for construction and workforce development by conducting a simulation of accessibility 
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design review and assessment for a tiny house via VR and MR mock-ups with the participation of 

both student novices and professional experts Wu et al. (2019). In the same vein, Costa et al. 

(2019) focused on bridging the gap between experts and new employees by using AR technology 

combined with a layer of simulated visualizations to enhance the new employee's spatial and 

temporal understanding of complex construction processes. 

However, in this context, the education of construction workers, managers and students was the 

most common purpose of the reviewed immersive technology studies. Several studies focused on 

education for construction students by presenting the importance of using immersive technologies 

and non-traditional methods in teaching building construction courses (Shanbari et al., 2016, 

Shirazi and Behzadan, 2015, Bosche et al., 2016, Zhao et al., 2016, Hou et al., 2017, Gonzalez, 

2018, Wang et al., 2018, Bashabsheh et al., 2019, Meza et al., 2014). 

4.6. Quality management 

Immersive technology solutions are playing a key role in enabling quality management in 

construction projects and offering defect detection much earlier in the project lifecycle by 

coordinating multiple 3D models (Zhao and Lucas, 2015). This is better than using a 2D screen 

where it is easy to overlook issues. The application of immersive technologies also saves costs and 

time by helping to catch potential issues in the virtual world before something is built (Portales et 

al., 2018). Examples of studies focusing on quality management in construction using immersive 

technologies are as follows: Hou et al. (2015) developed an AR system to improve product

assembly productivity and performance by lowering cognitive workload via AR; Fazel and Izadi 

(2018) developed an affordable interactive multi-marker augmented reality tool for constructing 

free-form modular surfaces to enhance the accuracy and quality of construction; Ahn et al. (2019) 

proposed a novel approach for visualizing vital information within a user's field of view during 
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manufacturing processes at shops and offered considerations for implementing projection-based 

AR in practice; Mirshokraei et al. (2019) presented a web-based system aimed at enhancing quality 

management during the execution phase of structural elements by integrating building-information 

modeling (BIM) and AR technology; Costa et al. (2019) proposed a spatial augmented reality 

system that could leverage BIM standards to orchestrate the necessary tasks automatically and help 

the operator to tack weld the beam attachments so as to ensure maximum flexibility during the 

beam-assembly stage and to improve overall product quality. 

Other studies focused on defect management and developed inspection tools to control 

construction quality, such as: Kwon et al. (2014), who developed a system that combined BIM, 

image-matching and AR technologies to improve construction defect management and perform 

quality management efficiently; Hernandez et al. (2018), who developed building self-inspection 

techniques using AR and BIM technologies to support construction workers in self-inspection 

processes with the overall objective of controlling the quality of construction work in order to 

ensure that specifications are implemented according to the design; and Portales et al. (2018), who 

developed an AR-based interactive tool to help to make the process of pre-fab building inspection 

a seamless one, allowing the inspectors to document the process digitally with images and 3D data 

in addition to traditional measurements and annotations. 

5. Discussion and Key Findings

In this section, the main findings from the critical/meta-analysis of the reviewed literature are 

presented. As shown in Figure 1, four areas of applications of immersive technologies and two 

main areas of the applications of UA V s were observed from the analysis of the extant literature 

review. 
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[Insert figure 1 here] 

5 .1. Immersive technologies 

Many construction management tools are currently integrating with immersive technologies to 

increase the output rate. There are five areas of applications classified according to the number of 

existing publications and potential applications. These areas are as follows: 

• Construction safety training and construction education are the most popular research

areas for immersive technologies in construction with 37 articles (35% of the total reviewed 

articles). The large moral and financial burden caused by construction accidents, coupled 

with on-site safety-training hazards, demand innovative new approaches to safety. The 

studies vary in objectives, technology and scope, yet all consistently report positive results 

from safety interventions using immersive technologies. Further studies should be 

conducted as follows: (1) to highlight risks and on-site difficulties long before site-work 

begins, enabling these to be avoided or mitigated; (2) to quantify the direct impact on 

accident reduction, analyze the long-term learning effects of immersive-technology 

training platforms and address the computational and cost limitations of immersive 

technologies' development. 

• The defect and quality management with 24 articles (22.6% of the total reviewed

articles). The continuous financial implications ofrework in construction caused by quality 

issues, coupled with the high cost of on-site inspections, initiated the need for new 

technologies to enhance construction quality and facilitate inspection processes. Yet there 

is a need for more research that focuses on: (1) pre-fabricated or modular construction to 

ensure better quality and fewer defects; (2) use of immersive technology to facilitate the 

21 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Smart and Sustainable Built Environment 

process of material submittals which require the architect and engineer to verify that the 

correct products are being installed. 

• Team collaboration and communication with 19 articles (18% of the total). Effective

communication and collaboration between construction-project parties are one of the most 

important prerequisites of a successful construction project. For instance, the initial design 

requires the active participation of not just the contractors, but the clients as well: a VR 

headset can facilitate the proposed layout visualization and allow valuable discussion 

between the project's parties. Nevertheless, there are very few studies focusing on 

communication and collaboration during the pre-planning stages. There is a need for more 

research on the use of immersive technologies to facilitate collaboration between the 

project's parties in direct relation to the proposed concept in order to avoid 

misunderstandings and errors and to provide valuable input on the most complex details of 

the project in much more detail than either 2D drawings, or even 3D BIM models, can 

provide. 

• Project control and monitoring with 17 articles (16% of the total). AR has enhanced the

scheduling aspect of the construction projects significantly; it is able to show an as-planned 

vs. an as-built form to allow visualization of progress. Moreover, AR is used in project 

scheduling and project progress-tracking in the modern construction process. However, 

there is a need for more research to focus on the use of AR for solving on-site construction 

challenges, such as differing site conditions and design defects and errors, before they are 

encountered in the field, thus avoiding changes and reducing delays attendant to such 

situations. The least popular research areas are those of on-site project information with 

five articles (4.7% of the total) and facilities management with four articles (3.7%). This 
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indicates that more research studies are required to focus on the application of immersive 

technologies in these two areas. 

5.2. Unmanned Aerial Vehicle technologies 

UA Vs' application in the construction industry is a relatively new innovation. Their initial use was 

mainly exploratory, examining the application areas, the benefits and the feasibility of UAV 

capability. This piloting phase is reflected in the initial research, starting around 2012. But it was 

not until 2018 that the number of annual academic articles became relatively significant, reaching 

double digits, indicating that UA V research had started to become an independent research area. 

Yet, research remains limited in both quantity and content focus and the number of studies related 

to UAVs in the construction industry is expected to rise exponentially in the future (Gheisari and 

Esmaeili, 2019). To date, UAV-based applications have focused on some prevailing themes. 

Regarding the existing applications ofUAV, automated surveying, information management and 

visualization and construction inspection, monitoring and safety management are initially 

employed. However, we noticed in our review that the focus of UAVs within the construction 

industry - the implementation process - has remarkably been ignored. One example is the study 

conducted by Greenwood et al. (2019), which focused on developing the technical capabilities of 

UAVs in interaction with other technologies or with humans. Another example is the study 

conducted by Golizadeh et al. (2019), which focused on the lack of technical experience among 

construction practitioners in terms of using UA V s in construction activities. These studies serve 

as examples of how the existing research has focused on the technical aspects of UAVs' 

applications rather than on the implementation process for UAVs in the construction industry. 

Accordingly, research focusing on the implementation of UA Vs and on the barriers limiting their 

utilization in the construction industry is needed (Golizadeh et al., 2019). Judging by the analysis 
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of influential research areas, little has been done in terms of site management which includes 

monitoring, inspection and safety. 

However, further studies are needed to provide a more in-depth exploration of the utilization of 

UA Vs in construction-site management. Moreover, more studies focusing on the feasibility of 

using UAVs in construction projects are needed to clarify the extent of disruption to existing 

practices brought on by UAVs' introduction and to look at the associated costs. Moreover, the 

integration of UA V technology within the broader construction operation, and the interface with 

other technologies, also needs to be explored further. 

6. Conclusion

This paper presents a critical evaluation of the digitalization tools that are employed to move 

towards digitalization in construction. Two main technologies were critically discussed in this 

research, namely, UAV technologies and immersive technologies. Each topic was analyzed 

individually to appraise the capabilities and weakness points, as well as, integrations between these 

technologies to provide various solutions were also evaluated. As such, this research can direct 

researchers, particularly, early researchers to find the extant gap in each area, as well as, 

recommended solutions that can be developed by integrating these technologies. 

The analysis of extant literature review refers that there is a progress of implementing MR in 

integration with BIM to track project progress; employing drones to scan the construction sites 

and compare the captured images with 4D BIM to measure the progress. As such, there is a 

progress in integrating these technologies to enhance the delivery of construction projects, 

however, most of the researchers highlighted that the provided solutions need to be tested using 

large case studies to measure the scalability of provided solutions. 
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The statistical analysis of the existing research in corresponding to the main four areas of 

applications of immersive technologies refers that utilization of these technologies for health and 

safety and detecting defects and quality management got significant attention from researchers the 

last decade, meanwhile, other two areas of applications, namely, Team collaboration and 

communication and Project control and monitoring require to be heavily investigated in the future 

in order to maximize the advantages of immersive technologies in the construction industry. 

Even though the utilization of unmanned vehicles was introduced in a few research, particularly, 

for 'Automated surveying, information management and visualization' and 'Construction 

inspection, monitoring and safety management', however, more research are needed to validate all 

mentioned/proposed utilizations of these technologies (i.e. case studies research). 

Given the critical analysis of literature review was conducted based on predominate solutions (i.e. 

UAVs, immersive technologies), therefore, systematic analysis according to years of publications 

could not be considered as the objective of this research is to define gaps that prevent maximizing 

digitalizing the construction industry, not assessing the research status of these industry 

technologies. However, this limitation will be considered in future research. 
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