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Abstract: The construction industry has been incorporating digital technology over the last two
decades, albeit gradually, as “technology-push” continues to overcome customary and traditional
passivity typical in the sector. The objective of the study presented in this paper is to investigate
how digital technology is making a headway in the construction industry as a consequence of
COVID-19. For the purpose of this paper, digital technology applications are divided into three
groups: data acquisition, processing, and communication. The methodology involved conducting
a questionnaire survey among the construction professionals in the UAE. The survey included
questions on the extent of use and level of investment on the three types of technology in three
periods—pre-COVID, during COVID, and post-COVID. The results clearly show the increasing
level of usage of digital technology in the construction industry from pre-COVID to during COVID
and post-COVID periods. Among the three categories, communication technology indicated higher
extent of use as compared to the other two. In addition, a marked difference was observed between
the “small” project organizations and the “large” ones. Unsurprisingly, both usage and investment
in digital technology, in smaller organizations, indicated higher extent of increase in during and
post-pandemic periods when compared to the larger organizations.

Keywords: digital technology; construction industry; UAE; COVID-19

1. Introduction

Global construction is a $12 trillion (USD) industry, accounting for close to 13.5% of
global GDP [1]. However, in terms of sector productivity, construction lags manufacturing
and the total world economy. “Globally, construction sector labor productivity growth
averaged 1 percent a year over the past two decades, compared with 2.8 percent for the total
world economy and 3.6 percent for manufacturing” [2]. There are strong indications from
professionals and researchers in the construction industry that advanced digital technology
(DT) can play a pivotal role, either directly or as a catalyst, in improving construction
productivity. However, it is also a fact that construction is traditionally slow in adopting
technology. Despite being sluggish as compared to the service and the manufacturing
industries, construction has been incorporating digital technology gradually over the last
two decades—as “technology-push” continues to overcome customary and traditional
passivity. BIM, or building information modeling, is a prime example of a digital technology
that took a long time to gain acceptance in the mainstream construction industry. It is now
widely accepted and is proving itself almost essential in the industry. It is more apparent
now than ever before in the wake of the COVID-19 crisis. A recent IFS study based on a
survey reported that companies concerned with economic disruption were 20% more likely
to plan increased spending on digital transformation [3]. It appears that the construction
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industry is ready to embrace a technological revolution to address these issues and that
the global pandemic is perhaps the catalyst that the industry needed. Numerous studies
listed contemporary digital technologies suitable for use and application in construction.
For instance, PwC [4] lists eight essential technologies that are making large impacts on the
business of construction. They are artificial intelligence, virtual reality, augmented reality,
blockchain, drones, Internet of Things (IoT), robotics, and 3D printing.

The early months of 2020 witnessed the rise of the COVID-19 pandemic, which had
its adverse effects on almost all regions and industry sectors in the globe. However, many
claim that the Architecture, Engineering, and Construction (AEC) industry was one of
the sectors that was hit the hardest by the pandemic. According to a recent Los Angeles
investigation, construction crews reported the highest number of positive cases when
compared to workers in other sectors, such as transport and manufacturing [5]. It is with
no doubt that the COVID-19 pandemic affected the United Arab Emirates (UAE) AEC
industry in many ways. Dadlani [6] explained how precautionary measures were enforced
in construction companies to ensure prioritization of health and safety of workers. These
measures included frequent disinfection programs, social distancing measures, construction
worker body temperature checks, and isolation rooms in the event of workers showing any
symptoms of the coronavirus. Additionally, during the first six months of 2020, contract
awards in the GCC region fell by 20%; this coincided with an increase in payment delays and
disputes [7]. In addition, supply chains and subcontractors in the UAE were pressurized
by such marketing challenges, causing some of them to go out of business [8].

The premise of this research is that most construction organizations’ (owner, con-
sultants, and contractors) investment in digital technology prior to the pandemic was
inadequate to deal with the demands imposed by the crisis. It is likely that several tech-
nologies already available and deployed were not utilized at the expected and optimum
level. The pandemic abruptly made them more useful than before. As an example, the
use of technology necessary for virtual meetings can be cited. This technology has be-
come essential during the lockdown phase, although it most likely remained underutilized
before the crisis. Perhaps it was not considered necessary or did not have the necessary
bandwidth for smooth operations. Therefore, it is important to assess the level of use and
investments in digital technology before, during, and after the pandemic. The main goal of
this paper is to investigate the use and investment in digital technology for construction
projects amid, and in the aftermath of, the COVID-19 pandemic in the context of the UAE
construction industry.

The rest of the paper is organized as follows. A literature review about the benefits of
digital technology applications in the AEC industry is discussed in the next section. It is
followed by an elaborate explanation of three facets of digital technology applications—
data acquisition, processing of information, and communication. The section afterward
explains the methodology adopted in this research. The goal was to differentiate between
the levels of usage and investment in the three digital technology categories across the three
groups, namely, pre-, during, and post-COVID-19. Finally, the results are interpreted and
discussed in order to draw significant conclusions that provide valuable insights regarding
usage and investments in digital technology in construction in the context of the UAE
(United Arab Emirates).

2. Background

Digital technology, although not new and having existed for some time, was not
utilized extensively prior to the “lockdown” situation caused by the pandemic. The AEC
industry has been incorporating digital technology gradually over the last two decades but
remains sluggish as compared to other sectors, such as the service and the manufacturing
industries, for instance. Ironically, the COVID-19 pandemic has developed an urgency
towards adopting new technologies that will play a key role in reshaping the future of the
AEC industry, allowing collaboration, data-driven decision-making, and greater control.
The utilization of such technologies shall also facilitate the move towards a sustainable
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future for contractors and developers [9]. Wallet [10] noted that this pandemic has provided
a silver lining, as construction professionals grew more confident in dealing with these
technologies, which not only helped keep the industry moving during those drastic times
but also provided cost and time saving tools that construction professionals can benefit
from in the long run.

Despite their attractive potential capabilities, many advanced digital technologies were
viewed as tools that could lead to poor results and inefficiencies in the AEC industry prior to
the new realization during the pandemic [11]. For instance, Hinks and Allen [12] discovered
that videoconferencing was not in sync with existing processes. Even in the period post-
2010, digital technologies remained in an “under-utilization” state. In a study conducted
in 2014, only two out of 14 interviewed AEC firms mentioned that video conferencing
software was being utilized to communicate information [13]. To sum up, the capacity and
value of digital technologies in the business context was poorly recognized by the AEC
firms prior to the COVID-19 pandemic.

The disruptive nature of COVID-19 has pressured many AEC companies to immedi-
ately remodel their business strategies via the usage of digital technologies [14]. In many
cases, AEC firms lacked the essential digital infrastructure to make the move simple. As a
result, obtaining necessary software packages and other resources posed significant chal-
lenges, leading to severe inefficiencies [15]. For instance, in the early stages of the pandemic,
it was reported that several coordination problems arose due to online communication.
Considering a design consultant, such coordination issues caused a delay in the design
process during work from home. Additionally, difficulties in meeting with clients were
evident, as some of the online meetings turned out to be ineffective and unnecessarily pro-
longed [16]. In many cases, organizations were required to make additional technological
investments to improve their ability to work under the changed circumstances. Several
businesses, for example, have invested in Virtual Private Networks (VPNs) to acquire
remote access to resources and software packages. Only few companies reported that they
already had cloud solutions in place to access licensed software and company databases,
making the shift smooth [15].

The benefits of using digital technology (DT) in the AEC industry are multifarious
and significant. The adoption of technological innovation gives construction companies
the opportunity to rebrand themselves as the providers of smart engineering solutions. In
fact, adopting such technological innovations is a strategic decision to improve the image
of the construction company and its reputation in the market. Not only this but digitalizing
the construction industry makes it more appealing to young graduates, as it challenges the
traditional notion of construction jobs being dangerous, difficult, and dirty [17] in addition
to being labeled as backward. Furthermore, the efficient use of emerging digital technology
helps improve communication, collaboration, better project comprehension, improved
information retrieval, and increased productivity rates as well as time and cost savings.
These benefits contribute to offering a distinct advantage to the market as well as creating
a healthier organizational culture where project team members feel more connected to
each other through advanced means of communication that raise a sense of belonging and
commitment to the construction project [18].

The adoption of these technological innovations helps reduce the risks associated
with construction projects by directing the construction industry away from the high-risk
and towards the low-risk sector zone [19]. In addition, the nature of today’s construction
industry demands project teams that are geographically dispersed in different time zones
across diverse organizational cultures and boundaries. It is only through using such
advanced technological innovations that a collaborative project delivery system can be
established where teams can work closely with various disciplines in an effective way [20].
Besides, adopting technological innovations can also help improve the monitoring and
inspection of construction sites. For instance, Zhou et al. [21] introduced an AR technique
to overlook the inspection process of segment displacement during tunneling construction.
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The technique enabled overlaying a quality control baseline model onto the real segment
and reported the discrepancies.

Despite the benefits offered by digital technology, its adoption in the construction
sector is still very low. In fact, Manyika [22] stated that the level of digitalization index for
the construction industry ranked the lowest among 22 other industries. Delgado et al. [23]
divided the challenges of creation of virtual environment in the construction industry, in
terms of limitations, into three categories: social, technical, and economic limitations. The
social limitations included (but were not limited to) lack of trained workforce, repugnance
to change, and data privacy issues, whereas technical limitations included large space as
well as prohibitive processing requirements, lack of user friendliness, and accuracy issues.
Economic limitations included expensive hardware, expensive training needs, lack of client
interest, and lack of funds for research and development. It can be concluded that the
last one, namely, the economic issues, are mainly responsible for the lack of necessary
investment for promoting digital technology in construction. Thus, in this paper the
discourse is centered around the issue of investment in digital technology. To that end,
digital technology applications are broken down into three facets: data acquisition, data
processing, and data communication.

2.1. Data Acquisition

These are technology and tools in which their utilization in the construction industry
would assist in a faster and more efficient data gathering. Regardless of whether the
information is gathered onsite or offsite, the data are essential for a successful project
delivery. Data acquisition tools include RFID (Radio Frequency Identification), drones,
and 3D laser scanning. Drones, for instance, are aircrafts designed to fly without a pilot
or passengers, controlled remotely using radio waves [24]. These innovations have high
mobility and visual data acquisition capabilities. As a matter of fact, drones can play
a significant role in conducting quantitative analysis of productivity and safety-related
metrics through the reconstruction of three-dimensional (3D) point clouds from video
images produced by the drones [25]. Furthermore, a site staff equipped with a drone can do
the same job as multiple personnel without a drone. Thus, using drones can be a powerful
tool to comply with the COVID-19 imposed social distancing measures, as the number of
people on site would be few. While some firms may be facing major financial constraints
to invest in drone technology, it is critical to note that this technology helped construction
firms reduce wastage in time by 18.4% and the time to survey a site by 98%, translating
into money savings in the long term [8]. Lastly, this smart system gives construction
professionals access to real time data, which allows organizations to keep track of their
inventory plan and better plan their construction site in general, making room for any
adjustments needed as soon as possible [26].

Another data acquisition tool that could be well integrated and utilized in the con-
struction industry, as mentioned earlier, is RFID. Radio Frequency Identification (RFID)
technology allows for automated tracking of equipment and materials in storage or during
delivery and makes information readily available for the personnel who handle material
tracking and delivery processes [27]. Furthermore, laser scanning technologies are power-
ful data acquisition tools that have the capability of capturing complex geometries, angles,
and distances [28]. While laser scanning technologies require expert operators to run, these
technologies provide a great value, as the output of these technologies can be used as the
basis to develop as-built BIM models of a building [28]. Table 1 shows some of the potential
applications of RFID, drones, and laser scanning technologies in the construction industry.
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Table 1. Examples of applications of data acquisition technologies.

Data Acquisition Technology Application(s)

Radio Frequency Identification Device (RFID) • Three-dimensional (3D) location of buried utilities [29]
• Equipment tracking to prevent collision accidents with heavy equipment [30]

Drones • Live site surveillance
• Quality and safety checks and monitoring

Laser Scanning • Dimensional accuracy and structural performance assessment [31]
• Characterization of steel reinforcement corrosion [32]

2.2. Data Processing

The second stage that ultimately comes after data collection is data processing. A
virtual innovation that facilitates such a task is Building Information Modeling (BIM). BIM
is defined by the US National Institute of Building Sciences as a “digital representation of
physical and functional characteristics of a facility creating a shared knowledge resource for
information about it forming a reliable basis for decisions during its life cycle, from earliest
conception to demolition” [33]. Kaner et al. [34] revealed that BIM enables the design and
detail processing of complex 3D geometric shapes to a high level of accuracy with error-free
drawings. Additionally, through features of clash detection and early error identification,
the probability of disputes and claims is greatly minimized due to the utilization of BIM [35].
Besides this, other features of BIM include automated quantity takeoff that enables users to
avoid the traditional error-prone method of measuring elements of a project and assigning
related costs to each. This feature also allows stakeholders to know costs early in the design
phase so that more informed decisions can be made [36,37].

Lastly, there exist tools/software that process schedule-related and cost-related data,
such as Primavera P6 and Esti-mate, respectively. Primavera P6, for instance, is a very
commonly used scheduling and resource-planning tool in the AEC industry. “P6” has the
capacity to allow users to develop complex and large-scale programs, forecast scenarios
using what-if analysis, and track resources and costs through the project life cycle [38].
Comparably, “Esti-mate” is an estimation tool that could be utilized by quantity surveyors,
project managers, contract managers, and vendors to process and coordinate Bills of
Quantities (BoQs), subcontractor and material inquiries, and tender adjudications, allowing
for accurate and timely project cost tracking [39]. Table 2 illustrates some applications of
data processing tools.

Table 2. Examples of applications of data processing technologies.

Data Processing Technology Application(s)

BIM • Allows staff to edit, manage, and document design [40]
• Documenting the design and project reviews [40]

Primavera P6 • CPM calculations
• Resource allocation, delay analysis, etc.

Esti-mate • Quantity takeoffs

2.3. Data Communication

As far as communication is concerned, some tools provide features such as discussion
boards, work sharing, project websites, and videoconferencing with data sharing as well as
real time data manipulation and exchange through virtual teaming [41].

Furthermore, a virtual platform that has a huge potential to transform coordination in
the construction industry is cloud computing. According to Mell and Grance [42], clouding
computing is a model for “enabling ubiquitous, convenient, on-demand network access
to a shared pool of configurable computing resources that can be rapidly provisioned and
released with minimal management effort or service provider interaction”. In a recent study
by Du et al. [43], they proposed a cloud-based multiuser virtual reality headset system,
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which is an innovation that collects BIM metadata and translates them into a multiuser
virtual communication environment. The technology allows remote project stakeholders
to interact and connect simultaneously, thus improving collaboration. Cloud computing
software (e.g: Dropbox) can also provide the necessary features to complement intelligent
contracts, or “icontracts”. An icontract is an advanced smart contract that utilizes computer
codes to automate the execution of contractual clauses between project parties [44]. For
instance, an icontract connected to a BIM model would enable the release of payments
to a design consultant upon completion of a pre-specified BIM milestone in the contract.
Through Dropbox and other cloud computing technologies, data sources such as models
and emails, which may be linked to icontracts, can be stored, accessed, and updated
by various project stakeholders [44]. In a similar manner, blockchain-based intelligent
contracts are envisaged to upgrade the supply chain financing industry through “smart
factoring” [45].

Furthermore, Google Meet and Zoom calls, along with the utilization of Dropbox and
e-mail communication, are a few of several communication technologies that are adopted
in the AEC industry. Due to the ongoing pandemic, video conferencing platforms have
now become embedded into the day-to-day AEC work life in the UAE [46]. Despite their
current recognized benefits, video conferencing mediums have the potential to be further
optimized to ensure high productivity, which would be especially beneficial for countries
that adopt a four- or a four-and-a-half-day work week, such as Iceland and the UAE [47].
Table 3 identifies the applications of these technologies.

Table 3. Examples of applications of data communication technologies.

Data Communication Technology Application(s)

Google Meet/Zoom • Virtual employees with candidates
• Conducting from-home coordination meetings

Dropbox (cloud computing) • Sharing of contract documents/other relevant files
among project stakeholders [44].

Email
• Contractor–consultant communication (e.g.,: Request

for Information-RFI)
• Direct file sending/receiving

To explore the levels of use of communication technologies in the Nigerian construc-
tion industry, a questionnaire [48] revealed that different positions within an AEC firm
utilize electronic communications at different levels of sophistication, based on the po-
sition’s need. The questionnaire revealed that email systems were the most frequently
used tools to achieve effective information management [48]. Oliver [49] stated that cur-
rent communication platforms provide the necessary features to allow for higher levels
of interactivity, intimacy, and immediacy for AEC stakeholders to experience better so-
cial and technical communications. Thus, digital communication technologies may ease
cost pressures and technical complexities [50]. For instance, there is a high potential for
video conferencing ICTs to solve corporate difficulties in an international market through
overcoming lack of expertise and lowering travel expenses [11]. It is worth noting that
Computer-Mediated Communication (CMC) processes have existed for years. However,
such communication technologies may not be well-integrated into existing industries to
improve their efficacy [51], meaning that they are underutilized.

3. Materials and Methods

The study used a quantitative approach to differentiate between the level of usage and
investment in three digital technology categories (data acquisition, processing, and commu-
nication) across three classes (phases)—pre-COVID, during COVID, and post-COVID. In
order to select the frequently used digital technology for the purpose of this research study,
a thorough literature survey of published materials was conducted. This included journal
articles, periodicals, and books that discuss the leading digital technologies currently in
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use in the construction industry. In the next stage, a questionnaire survey was developed
and distributed to construction professionals (owners, consultants, contracts, and project
managers) in the UAE using online means. The survey was sent to 100 construction pro-
fessionals, and 39 responses were collected in the end, representing a 39 percent rate. The
survey consisted of 21 questions, and the duration of the survey was approximately 10 min.
The questions were developed in a clear manner, where examples from the literature review
about the different digital technologies in each category were given to make the questions
comprehensible and easy to follow for the respondents. The questionnaire questions are
presented in Appendix A. The first section of the survey consisted of general information
about the respondents’ companies or organizations. These included years of experience,
respondents’ role, and whether the organizations or companies are local or international.
The remaining sections of the survey were designed to elicit the perceptions of the respon-
dents on the frequency of usage and level of investment of the three digital technology
categories across the three classes: pre-COVID, during COVID and post-COVID. The ques-
tions related to the level of usage of all three digital technology categories pre-COVID and
during COVID followed a Likert scale of 1–5, where 5 represented “almost always” and
1 represented “never”. The level of investment of all three digital technology categories
pre-COVID and during COVID followed a Likert scale of 1–5, where 5 represented “very
high” and 1 represented “very little”. All questions related to the class post-COVID, as
being a future state, followed a Likert scale of 1–5, where 5 represented “strongly agree-
will increase greatly” and 1 represented “strongly disagree-will return to pre-pandemic
level”. We focus on the different digital technology (DT) categories rather than the specific
technologies. The paper intentionally states only 3–4 examples within each DT category.
The respondents are able to identify the example technologies within each category, as they
were included in the survey questions. The survey questions are provided in Appendix A.

The data were then analyzed using both descriptive statistics and inferential statistics.
The descriptive statistics mainly consisted of comparing the means of the three class
populations in the frequency of usage and level of investment of the digital technologies.
Additionally, the means of the small projects were compared against those of the large
projects across the three class populations in frequency of usage and level of investment
of the three digital technology categories, while for the inferential statistics, multivariate
analysis of variance (MANOVA) was conducted, as the data comprised multiple dependent
variables, namely, the level of investment in, and frequency of usage of the three digital
technology categories, and a single independent qualitative variable designated as classes:
pre-COVID, during COVID, and post-COVID. MANOVA is used to determine whether
there is a difference between the level of investment and frequency of usage of the three
digital technologies across these classes. In particular, the researchers were interested
in determining whether, during COVID, a peak in the level of usage and investment in
digital technology is evident, as expected in order to meet the demands imposed by the
pandemic. The statistical analysis mainly examined whether or not the average of the
dependent variables differs between the three categories of the class variable. MANOVA is
an extension of the analysis of variance (ANOVA) in order to incorporate more than one
dependent variable by combining the multiple dependent variables into a single optimum
value to maximize the difference between the classes. Furthermore, MANOVA is also more
appropriate than ANOVA, because it provides additional insights into the effects of the
independent variables on the dependent variable [52,53].

MANOVA is a very effective statistical tool that has been previously used in the
construction context in literature. For instance, Zhao et al. [54] have used MANOVA
analysis to test whether or not different factors such as construction type, technology level,
climate, and conditioned floor area significantly affect energy use and whether or not the
effect changes over time. The authors tested the “between-subject” effect to analyze the
factor’s effect across all building units and used the “within-subject” effects to test the
factor’s effect over time. The authors modeled the “between-subject” effect by fitting the
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sum of the repeated measures to the model effect, while the “within-subject” effect was
modeled using a function that fits differences in the repeated measures.

There are three main assumptions when conducting MANOVA analysis. First, the data
should be multivariate normally distributed, while the second assumption is concerned
with the equality of the covariance matrices for all treatments in the study. The third and
last assumption states that all observations must be independent of each other, as this will
affect the significance level reported in results later on [55]. Furthermore, Wilk’s Lambda
test statistic (Λ) is used in MANOVA to test whether there are differences between the
means of the three classes on the frequency of usage and on the level of the investment
of the three digital technologies or, in other words, to test the two-null hypothesis H0
shown below.

H0 for frequency of usage of the three digital technologies =

 µ11
µ12
µ13

 =

 µ21
µ22
µ23

 =

 µ31
µ32
µ33

 (1)

H0 for level of investment of the three digital technologies =

 µ11
µ12
µ13

 =

 µ21
µ22
µ23

 =

 µ31
µ32
µ33

 (2)

where µip, i = (1,2,3) is the number of the three classes’ populations (pre-COVID, during
COVID, post-COVID), while “p” is the number of dependent variables, which, in this study,
is three, since there are three digital technology categories (acquisition, processing, and
communication) for the variable frequency of usage and the variable level of investment.
Furthermore, to test whether there is no difference between the three population mean
vectors, Λ will be used according to Equation (3) [55], as it is the test statistic preferred for
MANOVA, where H0 will be rejected if Λ is small. Lambda is a value that ranges between
zero and one; a null hypothesis would be rejected if Lambda was close to zero, but it should
be considered in conjunction with a small p-value as well, where the p-value here represents
the probability that measures the consistency between the data and the hypothesis being
tested [51]. The alpha level that the p-value will be compared against in this study is 0.1,
indicating a level of confidence of 90%. Wilk’s Lambda test statistic is defined as:

Λ =
|Serror|∣∣∣Se f f ect + Serror|

(3)

where
Serror is the variation of the residual within the matrix of sum of squares cross prod-

uct and
Seffect is the variation of the treatment between the matrices of sum of squares cross product.
Figure 1 below further illustrates the methodology that will be adopted in this research.
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4. Results

A total of 39 responses were received from the online survey. The respondents’ profiles
showed that 15% of them worked in international offices, while 85% worked in local offices.
Moreover, 13% of the respondents had more than 20 years of experience. Thus, a majority
of the respondents were local contractors in the building industry with less than 5 years
in business. In addition, it was observed that 56.4% of the respondents were involved in
projects with an average project size of AED 50 million (considered large) or more, while
43.6% of respondents’ average project size was less than AED 50 million (considered small).
In this research, these two groups’ (large and small) responses were further analyzed to
gain important insights.

Descriptive analysis was conducted to compute the mean of the three populations
in each variable (Table 4). The results show that the mean of frequency of using the three
digital technologies (y1, y3, y5) in class 0 (pre-COVID) population is 3.29, while the mean of
the level of investment (y2, y4, y6) in class 0 was 3.30. Similar calculations were performed
for class 1 (during COVID) population, and the mean of frequency of usage and level of
investment are 4.03 and 3.75, respectively, whereas the mean of frequency of usage in class
2 population (post-COVID) is 4.26, and the mean of the level of investment is 4.23. This
indicates that there is in fact an increasing trend from pre-COVID to post-COVID in terms
of mean frequency of usage and level of investment in digital technology for data gathering,
processing, and communication. The results are summarized in Table 4.

Table 4. Means of the responses of the three classes.

Variable Questions on Usage and Investment Class 0 Mean
(Pre-COVID)

Class 1 Mean
(During COVID)

Class 2 Mean
(Post-COVID)

y1 Frequency of using digital technology for data and
information gathering 3.10 3.64 4.28

y2 Level of company’s investment in digital technology
for data and information gathering 3.13 3.59 4.23

y3 Frequency of using digital technology for data and
information processing 3.56 3.95 4.23

y4 Level of company’s investment in digital technology
for communication of data and information 3.33 3.69 4.23

y5 Frequency of using digital technology for
communication of data and information 3.21 4.49 4.28

y6 Level of company’s investment in digital technology
for communication of data and information 3.44 3.97 4.26

Average of frequency of usage (y1, y3, y5) 3.29 4.03 4.26

Average of level of investment (y2, y4, y6) 3.30 3.75 4.23

In addition, the questionnaire contained three questions related to “project success”.
The questionnaire statements and the weighted average of responses, indicating a high
degree of agreement, are listed below:

• Use of digital technology for data and information gathering contributes towards
project success—4.36 (out of 5).

• Use of digital technology for data and information processing contributes towards
project success—4.59 (out of 5).

• Use of digital technology for communication of data and information contributes
towards project success—4.28 (out of 5).

Thus, it is substantiated by the above findings that the digital technologies do indeed
contribute to overall success of construction projects. Furthermore, the results presented
in Table 4 also indicate that the frequency of using digital technology for communication
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was at its peak (variable y5 with a value of 4.49) during COVID, as the demands imposed
by the pandemic were higher than they were before the pandemic, indicated by a value
of 3.21, and decreased somewhat from the peak to 4.28 in the post-COVID phase, as
in-person communication is expected to return back somewhat but probably not at the
pre-COVID level. This is because it is expected that the professionals in the industry
will retain some of the communication technologies and conveniences, as they will be
increasingly more familiar and comfortable with the technology. It was noticed that there
was a slight drop in the use of communication technology from during COVID to post-
COVID, apparently as some of the functions and operations are expected to return to
“normalcy” after the pandemic. The results also indicate, predictably, that investment in
communication technologies (variable y6) had increased during the pandemic, to 3.97 from
3.44 (pre-COVID), and is higher after the pandemic, at 4.26.

In an effort to compare between the responses based on the project size, two groups
were created, as noted earlier: small projects with sizes less than 50 million AED and
large projects with sizes 50 million AED or more. These two groups were almost equally
represented in the survey.

In general, it should be noted that, while in class 0 (pre-COVID), both the average of
the frequency of usage and level of investment were both greater in larger organizations
than the smaller ones. The difference shrinks in both when compared to class 1 (during
COVID) and class 2 (post-COVID), as the data in the last two rows of Table 5 indicate. This
is a significant observation, as it substantiated two facts—(1) overall, there has been an
increase in both the usage and investment in digital technologies in construction during
pandemic, and the trend will continue after the pandemic; and (2) the extent of both usage
and investment is significantly greater in smaller organizations than the larger ones at
the during and post-COVID stages. This underscores the notion that benefits of digital
technologies remained largely unknown or unexperienced by the smaller organizations,
and once known they can become increasingly more acceptable in the industry.

Table 5. Means of the three class populations across small vs. large projects.

Variable Questions on Usage and Investment
Class 0 Mean
(Pre-COVID)

Class 1 Mean
(During-COVID)

Class 2 Mean
(Post-COVID)

Small Large Small Large Small Large

y1 Frequency of using digital technology for data and
information gathering 2.75 3.35 3.69 3.61 4.44 4.17

y2 Level of company’s investment in digital
technology for data and information gathering 3.00 3.22 3.50 3.65 4.38 4.18

y3 Frequency of using digital technology for data and
information processing 3.06 3.91 3.69 4.13 4.25 4.22

y4
Level of company’s investment in digital
technology for communication of data and
information

3.00 3.57 3.56 3.78 4.18 4.26

y5 Frequency of using digital technology for
communication of data and information 2.69 3.57 4.63 4.40 4.25 4.30

y6
Level of company’s investment in digital
technology for communication of data and
information

3.25 3.57 3.81 4.10 4.25 4.26

Average of frequency of usage (y1, y3, y5) 2.83 3.61 4.00 4.05 4.31 4.23

Average of level of investment (y2, y4, y6) 3.08 3.45 3.62 3.84 4.27 4.23

The results show that in class 2 (post-COVID), as illustrated in Table 5, the average of
the frequency of usage and the level of investment were equal to each other in the large
projects, but in small projects the average of the frequency of usage was higher than the
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average of the level of investment. Furthermore, it can be seen that both the averages were
greater in small projects than in large projects in class 2, and that could be due to the fact
that large projects were ahead of small projects in terms of digital technology usage before
the pandemic and, therefore, will not need to invest as much as the small projects to keep up
with the demands created by the pandemic. Another observation that can be drawn is the
fact that in class 1 the averages of the frequency of digital technology usage were almost the
same in both small and large projects—in data gathering (variable y1, 3.69—small to 3.61—
large) and communication (variable y5, 4.63—small to 4.40—large) technologies but not so
different in processing technologies (variable y3, 3.69—small versus 4.13—large). Again, it
is not surprising, as data/information processing technologies are more capital-intensive
(high initial investment cost) compared to the other two—acquisition and communication
technologies—and organizations dealing with smaller projects would not have investment
capital available to them during the pandemic. This observation naturally leads to a closer
look at what happens to expected investment responses after the pandemic. Results in
Table 5 show that it is expected that organization with smaller projects would increase their
investments significantly—in data acquisition (y2) from pre-COVID response of 3.00 to
4.38; in data processing (y4) from 3.00 to 4.18; and, lastly, in data communication (y6) from
3.25 from 4.25. The average of all three variables shows an increase in responses from 3.08
to 4.27. For organizations with larger projects, the extent of this difference in investment
level between pre-COVID and post-COVID is much lower—from 3.45 to 4.23—although
higher as predicted. These results are shown in Table 5.

To gain further insight, the responses from the survey were then analyzed using
SAS statistical software as per the methodology explained in the earlier section. The
MANOVA test was conducted using F approximation to test the hypothesis of no significant
difference between the means of the three classes’ populations (pre-, during, and post-
COVID) on the frequency of usage and level of investment of the three digital technologies
as shown in Tables 6 and 7, respectively. Table 6 shows that the p-value is less than alpha
(0.1) for the null hypothesis of “no overall class difference”; therefore, it can be rejected,
and it can be concluded with 90% confidence that there is in fact a significant difference
between the means of the three class populations on the frequency of usage of the three
digital technologies. Therefore, the analysis was taken a step further to conduct pairwise
comparisons between the means of class 0 (pre-COVID) and class 1 (during COVID), class
0 (pre-COVID) and class 2 (post-COVID), and class 1 (during COVID) and 2 (post-COVID).
The results have shown that in all three MANOVA tests, the p-values were less than alpha
(0.1), which leads to the rejection of the null hypothesis and the conclusion with 90%
confidence that there is a significant difference between the means of class 0 and class 1
and between the means of class 0 and 2 as well as between the means of class 1 and 2 on
the frequency of usage of the three digital technology categories. Similar conclusions were
drawn when MANOVA was conducted to compare between the means of the three class
populations on the level of investment of the three digital technology categories, and the
results are shown in Table 7.

Table 6. MANOVA Test: Wilk’s Lambda for frequency of usage.

Comparison Overall Class
Effect

Difference
between

Classes 0 and 1

Difference
between

Classes 0 and 2

Difference
between

Classes 1 and 2

Wilk’s Lambda 0.639 0.728 0.778 0.894
p-Value 0.0001 0.0001 0.0001 0.0055

The first row in the tables above shows the value of Wilk’s Lambda (refer to Equation (3))
in each MANOVA test. It measures how well each category of the independent variable
(class) contributes to the model. The scale ranges from 0 to 1 as mentioned earlier, where
0 means total discrimination and 1 means no difference. Since all the Lambda values
are less than 1 and are associated with a small p-value (significant at the 0.1 level), it can
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be concluded with 90% confidence that there is in fact a difference between the means
of the three classes on both the frequency of usage and level of investment of the three
digital technology categories. The p-value represents the probability that measures the
consistency between the data and the hypothesis being tested. The null hypothesis that
there is no overall class effect and no difference between the classes in pairwise comparisons
is evaluated with regard to this p-value. For a given alpha level, if the p-value is less than
alpha then this null hypothesis is rejected. The alpha level used in this study is 0.1, and the
tables show that all p-values are less than 0.1. It should be noted that some of the p-values
are slightly higher for “no difference between classes 1 and 2” and “no difference between
classes 0 and 1” in the level of investment, they are still less than 0.1. Therefore, it is safe
to reject all the null hypotheses and conclude with 90% confidence that there is in fact
a significant difference between the means of the three classes on both the frequency of
usage and level of investment of the three digital technology categories. Future studies
can focus on testing a larger sample size in order to achieve a smaller p-value and a higher
confidence level.

Table 7. MANOVA Test: Wilk’s Lambda for level of investment.

Comparison Overall Class
Effect

Difference
between

Classes 0 and 1

Difference
between

Classes 0 and 2

Difference
between

Classes 1 and 2

Wilk’s Lambda 0.807 0.935 0.827 0.932
p-Value 0.0005 0.0551 0.0001 0.0486

5. Discussion

The study on COVID-19 and its impact in the construction industry are fairly new.
Nevertheless, the following paragraph compares the results of this study with recently
published papers. The results of this study are in line with the conclusions of the research
done by Cheshmehzang [56], who reported on the impact of COVID-19 on boosting digi-
talization in the built environment. The author stated that COVID-19 was a driver for the
built environment to utilize available technological toolkits even further and formulate
new policies on the use of digital technologies. Similarly, Ebekozien and Aigbavboa [57]
have highlighted the role of the fourth industrial revolution technologies in curtailing the
impacts of COVID-19 in Nigerian construction sites. The authors explained how the use of
AI technologies such as RFID have compensated for the absence of workforces and the use
of BIM has helped construction professionals to comply with the pandemic rules, such as
physical distancing, and still be able to simulate construction site activities.

The study was conducted using a carefully crafted questionnaire survey in the UAE
construction industry. The survey instrument (Appendix A) was designed to elicit re-
sponses from the professionals. Although it is common knowledge that digital technology
contributes towards project success, the findings of this study confirmed the observation
across all three categories of digital technology. Importance of data acquisition and pro-
cessing technologies were rated at a higher level by the respondents than communication,
indicating that in-person communication will continue to be used with less dependence on
technology as compared with the other two. The study showed that smaller organizations
will be using and investing in digital technologies at a greater extent than the larger ones.

One of the limitations of this study was the small size of data, as represented by only
39 respondents. It should be pointed out, however, that the respondents were drawn from
a very specific population—the UAE construction professionals. Thus, the value of their
responses was considered significant qualitatively for this study despite the small sample
size. The second limitation was that the study was conducted in a specific country (UAE),
and, thus, the results are difficult to generalize. While this is a shortcoming, the fact is that
the UAE is a vibrant economy in the Middle East with a high projected growth rate in the
construction sector and is considered a representative example in the global construction
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industry. Nevertheless, the results and findings derived from this study conducted in the
UAE provide valuable future directions and insights for further research on this topic.

The methodology developed and adopted in this study can be replicated in a larger
country with a major economy and high volume of construction spending. A similar
study can be undertaken with bigger sample sizes derived from different professional
groups in the AEC industry. The variations and correlations between the regions and the
professional groups will provide valuable insights regarding the use of digital technologies.
Moreover, specific digital technologies can be investigated further, in addition to the three
broad categories of digital technologies as conducted in this study. Nevertheless, this
study provided a framework for future investigations on the use and investment in digital
technologies in construction in the wake of catastrophic disasters, such as COVID-19.

The findings of this study can be useful from a practical standpoint by several measures.
First, the study highlights the importance of digital technology in improving construction
productivity. Second, this study differentiates between data acquisition, information pro-
cessing, and communication technologies; this differentiation is helpful to identify and
prioritize technologies for investing. Finally, and most importantly, this study underscores
the importance of ‘virtualization’ in construction enabled by digital technology in the wake
of catastrophes such as COVID-19. While the findings are general in nature in the context
of the construction sector, the implications at the project level are imperative and indicative.

6. Conclusions

It is common knowledge that overall productivity increases in the construction sector,
both regional and global, are minimal and significantly lower than the manufacturing and
the service sectors. One reason frequently cited by the researchers and the practitioners
alike is the slow adoption of technology, digital in particular, in construction. This study
takes a deep look into this issue of adoption (usage and investment) of digital technology
in construction in the context of the prevalent pandemic caused by COVID-19 since early
2020. COVID-19, ironically, presented an opportunity to investigate the status of use of
digital technology adoption in the construction industry. Thus, this study is undertaken
to determine the status in three levels, pre-COVID, during COVID, and post-COVID. The
premise of the study is that digital technologies in three major categories—data acquisition,
processing, and communication of data and information—are all impacted by the pandemic.
There was a noticeable increase in the use of, and investment in, these digital technologies
in the industry since early 2020 as a reaction to the restrictions put in place to reduce the
spread of the COVID-19 virus. This crisis caused by the COVID-19 pandemic imposed a
de facto mandate by instilling a sense of urgency among the construction professionals
for digitalization of many processes and operations in construction and to perform them
virtually. Digital technology, although not new and having existed for some time, was not
utilized extensively prior to the “lockdown” situation caused by the pandemic. Oddly,
COVID-19 provided the necessary impetus for digitalization in the construction industry.
This crisis, as unexpected and undesirable as it is, offers a window of opportunity to
improve and make the industry better positioned for the future.

This research study, despite the limitations, identified several significant facts and
provided important insights. The most significant among them are that COVID-19 revealed
that the use of digital technology, although remaining underutilized, is gaining wider
acceptance in the industry. It also showed that the benefits of digital technology, once
realized, will continue to be used. As a consequence, investment in digital technology in the
construction industry will continue to increase. This will have long-term transformational
and beneficial impacts on productivity in the construction sector. The methodology devel-
oped and employed in this study can be utilized to investigate certain selected technologies
for use and investment decisions. A decision-making model for use in the industry can be
developed using the categories as outlined in this study.



Buildings 2022, 12, 489 14 of 20

Author Contributions: Conceptualization, I.A. and S.E.-S.; methodology, O.E., S.A., I.A. and S.E.-S.;
software, S.A.; validation, O.E., S.A., I.A. and S.E.-S.; formal analysis, O.E., S.A., I.A. and S.E.-S.;
investigation, O.E., S.A., I.A. and S.E.-S.; resources, O.E., S.A., I.A. and S.E.-S.; data curation, O.E. and
S.A.; writing—original draft preparation, O.E. and S.A.; writing—review and editing, I.A. and S.E.-S.;
visualization, O.E. and S.A.; supervision, I.A. and S.E.-S.; project administration, I.A. and S.E.-S.;
funding acquisition, I.A. and S.E.-S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by The American University of Sharjah, grant number FRG21-M-
E71. The work in this paper was supported, in part, by the Open Access Program from the American
University of Sharjah, and the APC was funded through Grant number: OAPCEN-1410-E00060.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of the AMERICAN UNIVERSITY OF SHARJAH (protocol # 20-072 on 5 May 2021).

Informed Consent Statement: Written informed consent was waived for this study.

Data Availability Statement: Data are available upon request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results. This paper represents the opinions of the author(s) and does
not mean to represent the position or opinions of the American University of Sharjah.

Appendix A. Survey Instrument

Appendix A.1. General Information

In this section, you will be asked about your general information.

Your company?

� Local (Main Office in UAE)
� International (Main Office outside UAE)

Years of experience in UAE

� <5
� 5–<10
� 10–20
� >20

Project Type/expertise

� Buildings
� Infrastructure
� Other

Current role

� Owner
� Consultant
� Contractor
� Construction/project management firm

Average size of projects

� <50 M AED
� 50 to 200 M AED
� >200–500 M AED
� >500 M AED

Appendix A.2. Data and Information Gathering Technologies

In this section, you will be asked to rate the level of usage, investment decisions, and
the success potential for data and information gathering technologies (e.g., RFID, Barcode,
Drones, GPS, laser scanning).
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1. Do you believe that the use of digital technology (such as drones) for data and
information gathering contributes towards project success?

� Strongly Agree
� Agree
� Neutral
� Disagree
� Strongly Disagree

2. Prior to the COVID-19 Pandemic, how frequently your company have used digital
technology for data and information gathering?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

3. During the COVID-19 Pandemic (after March 2020), how frequently your company
have used digital technology for data and information gathering?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

4. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the usage of digital technology will increase beyond the level reached
during COVID-19 Pandemic for data and information gathering.

� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level

5. Prior to the COVID-19 Pandemic, what is the level of your company’s investment in
digital technology for data and information gathering?

� Very high
� High
� Normal
� Adequate
� Very little

6. During the COVID-19 Pandemic (after March 2020), what is the level of your com-
pany’s investment in digital technology for data and information gathering?

� Very high
� High
� Normal
� Adequate
� Very little

7. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the investment in digital technology will increase beyond the level
reached during COVID-19 Pandemic for data and information gathering.

� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level
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Appendix A.3. Data and Information Processing Technologies

In this section, you will be asked to rate the level of usage, investment decisions, and
the success potential for data and information processing technologies (e.g., Building Infor-
mation Modeling or BIM, Scheduling program, such as Primavera, Power Project, Procore,
Job Master, CMIC, Estimating software such as Manifest, Esti-mate, FBS-Estimator).

1. Do you believe that the use of digital technology (such as BIM) for data and informa-
tion processing contributes towards project success?

� Strongly Agree
� Agree
� Neutral
� Disagree
� Strongly Disagree

2. Prior to the COVID-19 Pandemic, how frequently your company have used digital
technology for data and information processing?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

3. During the COVID-19 Pandemic (after March 2020), how frequently your company
have used digital technology for data and information processing?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

4. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the usage of digital technology will increase beyond the level reached
during COVID-19 Pandemic for data and information processing.

� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level

5. Prior to the COVID-19 Pandemic, what is the level of your company’s investment in
digital technology for data and information processing?

� Very high
� High
� Normal
� Adequate
� Very little

6. During the COVID-19 Pandemic (after March 2020), what is the level of your com-
pany’s investment in digital technology for data and information processing?

� Very high
� High
� Normal
� Adequate
� Very little

7. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the investment in digital technology will increase beyond the level
reached during COVID-19 Pandemic for data and information processing.
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� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level

Appendix A.4. Information and Communications Technologies

In this section, you will be asked to rate the level of usage, investment decisions,
and the success potential for information and communication technologies (e.g., Video
Conferencing such as google meet and zoom, Dropbox, mail, web-based systems).

1. Do you believe that the use of digital technology (such as video conferencing and file
sharing) for communications of data and information (including virtual meetings)
contributes towards project success?

� Strongly Agree
� Agree
� Neutral
� Disagree
� Strongly Disagree

2. Prior to the COVID-19 Pandemic, how frequently your company have used digital
technology for communication of data and information (including virtual meetings)?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

3. During the COVID-19 Pandemic (after March 2020), how frequently your company
have used digital technology for communication of data and information (including
virtual meetings)?

� Almost Always
� Often
� Sometimes
� Rarely
� Never

4. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the usage of digital technology will increase beyond the level reached
during COVID-19 Pandemic for communication of data and information (including
virtual meetings).

� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level

5. Prior to the COVID-19 Pandemic, what is the level of your company’s investment
in digital technology for communication of data and information (including virtual
meetings)?

� Very high
� High
� Normal
� Adequate
� Very little
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6. During the COVID-19 Pandemic (after March 2020), what is the level of your com-
pany’s investment in digital technology for communications of data and information
(including virtual meetings)?

� Very high
� High
� Normal
� Adequate
� Very little

7. Please indicate your choice related to the statement: After COVID-19 Pandemic is
essentially over, the investment in digital technology will increase beyond the level
reached during COVID-19 Pandemic for communication of communications of data
and information (including virtual meetings).

� Strongly Agree—Will greatly increase
� Agree—Will slightly increase
� Neutral—remain the same as already reached
� Disagree—Will slightly decrease
� Strongly Disagree—Will return to the pre-Pandemic level
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