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Abstract: The concepts of sustainability should be incorporated at every level of the decision-making
process during the construction of residential building projects. It will ensure maximum cost savings
without compromising the residential buildings’ services. To understand these sustainability princi-
ples, this study was conducted to identify and investigate the critical success factors (CSFs) required
for implementing cyber technology in residential building projects. These CSFs were obtained from
existing studies that were contextually explored via a questionnaire survey involving construction ex-
perts in the Nigerian building industry. Based on the Exploratory Factor Analysis (EFA) results, cyber
technology CSFs were grouped into five distinct constructs: Governmental, Customer satisfaction,
Time, Social safety, and Marketability of the construction product. Partial Least Square Structural
Equation Modeling (PLS-SEM) was adopted to develop the model for the CSFs. The study showed
that the Governmental component possessed the highest effect on the model, further underlining this
construct as a crucial CSF in implementing cyber/digital technology. The findings from this study
will facilitate cyber/digital technology introduction in the Nigerian construction industry. It will
aid decision-makers and construction professionals in seeking viable ways of reducing costs and
improving sustainability. Thus, this study has developed a CSF model to showcase the adoption of
cyber/digital technology, with other implications for facilitating the goal of achieving sustainable
residential building projects.

Keywords: cyber technology; critical success factors; residential construction; sustainability;
sustainable buildings

1. Introduction

As suggested by the phrase, “one of the most critical community circumstances that
frequently defines the quality of life and general well-being of inhabitants of any country
is bridging the gap between affordable and sustainable housing,” the idea of a residential
building is one of the most important aspects of community development and requires
critical success criteria (CSC) [1]. Residential buildings across developed and emerging
nations account for over 40% of the global energy annually and generate about one-third
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of the global Greenhouse Gas (GHG) emissions [2]. As the world continues to experi-
ence significant changes in urbanization and industrialization, resulting in technological
advancements, the residential allocation has failed to address the pressing demands for
residential housing [3]. Likewise, the rapid rate of urbanization, particularly in low-income
countries, has many people struggling to access affordable housing [4]. Estimates have
revealed that 828 million people reportedly live in substandard homes and slums in devel-
oping countries. These figures were projected to rise to 1.4 billion by 2020 [3,5,6].

The construction industry in these nations still adopts traditional labor-intensive prac-
tices, often resulting in high operational costs, environmental pollution, high energy con-
sumption, poor safety conditions, and low productivity in project delivery [7]. Additionally,
these countries have experienced significant socioeconomic and political transformations
and technological advancements. These transformations have led to modifications con-
cerning residential building construction aimed at improving the standard of living [8].
Consequently, governments worldwide have established several residential initiatives and
policies prioritizing residential housing affordability [1].

Notwithstanding these interventions, there are some unresolved controversies con-
cerning the affordability of these residential buildings for low-income earners [3]. Dimakis
et al. [9] argued that at least 30% of construction costs are lost due to many reasons that
cause delays, e.g., design errors, changes to design models, inefficiencies, mistakes, and
poor communication among building participants. Unless these issues are communicated to
the site professionals in real time, there is an increased risk of cost and time overruns [10,11].
Therefore, project managers have to make timely and appropriate decisions if they gain
access to crucial design information and changes in real time. These site changes must be
integrated into the as-built model for the building’s lifecycle management (LCM). However,
in developing countries, the as-built models are typically updated manually after complet-
ing the building process. It can lead to inaccuracies, since not all changes are captured
effectively, and some modifications may be missed altogether.

The existing literature has highlighted the need to construct “sustainable buildings”
that are not harmful to the environment and make optimum use of resources [12]. Achiev-
ing this goal requires adopting cyber (digital) technology that can facilitate the realization
of sustainable construction. Construction industry 4.0 and sustainability is an enabling
framework for realizing the critical success factors (CSFs). Adopting Industry 4.0 technolo-
gies in the building can resolve some of these challenges [13]. This could be used to develop
a new framework/model capable of guiding policy proscriptions and support mechanisms
to facilitate the adoption of digital technologies while tackling the consequences of sus-
tainability and environmental-related effects. These frameworks/models could have the
potential for universal adoption and application among countries and sectoral contexts [13].

Although it is difficult to estimate the impact of sustainability /environmental influ-
ences on buildings, as they accumulate through construction, the advent of Virtual Models
(VM) has further simplified these processes [14]. Even though their application is restricted
to the preconstruction period, VM enables the proper recording of information about the
existing structure. Additionally, VM allows project team collaborations and visualization of
the construction progress [15]. Some notable examples of VM, such as Building Information
Modeling (BIM) and Computer-Aided Design (CAD), have been widely employed in the
construction, operation, and maintenance stages of a project’s lifecycle. Shen et al. [16]
argued that the interaction between VMs and the physical construction could increase
the knowledge and information activities across the entire construction process. Thus, it
enhances the control of the building process.

There were many attempts to establish a nexus between cyber (digital) technologies
and physical construction by using different data-capturing technologies, e.g., digital
cameras, drones, and laser scanners [15-17]. However, the existing approaches are limited
by a lack of communication or two-way integration (important for enhancing feedback or
gaining control of the construction process) between the VMs and physical construction.
Consequently, Akanmu et al. [17] attempted to describe bidirectional coordination as a
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two-way interaction between the VMs and physical construction, such that any changes
observed in one are instantly reflected in the other. Specific computational resources are
required to maintain this bidirectional coordination, termed a cyber-physical systems (CPS)
approach. In this study, CPS describe the firm connection and coordination between VMs
and the physical construction. You and Wu [18] argued that, by using sensors, CPS connect
the cyber world (communication, data, and intelligence) to the physical world.

Therefore, the CPS approach will result in as-built documentation, enhanced construc-
tion process control, improved progress monitoring, and sustainable building practices.
As a consequence, emerging technologies such as Artificial Intelligence (Al), big data,
cloud computing, Internet of Services (I0S), and several others have been regarded as
practical tools that can change the construction industry concerning efficient design, perfor-
mance evaluation, project delivery, risk monitoring, and GHG emissions reductions [19,20].
However, in developing countries, adopting these technologies is still embryonic. The
construction industry is often labeled as slow in digital adoption/transformation [21].
Presently, digital technologies have only been slightly adopted in some industries, espe-
cially in developing countries. Thus, very few studies have delved into their integration
into construction industry activities. For instance, Ebekozien and Samsurijan [22] argued
that digital technology adoption is incentivized in developing countries. Organizational
management of the adoption of digital technologies and economic mechanisms of construc-
tion to increase the impact on the national economy are needed to facilitate the sustainable
construction of residential buildings [23]. Hence, exploring the challenges concerning
the transformation of the building industry and the digital divide is needed to bridge
the gap [24]. It will enable the identification and analysis of the critical success factors
(CSFs) required to implement cyber (digital) technology concerning the sustainability of
residential building projects.

This study seeks to answer the fundamental research question guiding this study:
What requirements are needed to implement cyber technology in the construction industry?
These requirements can be achieved by Analyzing CSF’s various cyber (digital) technolo-
gies [25]. CSFs are “areas where, if satisfactory, the results will ensure the organization’s
competitive success” [26]. Likewise, CSFs are action fields, and critical management prepa-
ration that can lead to success [27]. Moreover, the cyber (or digital) technology CSFs offer
the support and participation of active customers through decision-makers [25,28]. There-
fore, this research seeks to determine and investigate cyber (digital) technology CSFs using
Structural Equation Modeling (SEM). The model will help to facilitate the implementation
of cyber technology in the building sector in Nigeria in a bid to achieve sustainability in
residential buildings.

2. Research Background

For instance, digital technology adoption over different phases in building projects
was explored in South Africa by Ikuabe et al. [29]. The study discovered that digital
technologies, the Internet of Things (IoT), and sensors are widely adopted in building
processes. However, there was generally low adoption of digital technologies for building
projects. Correspondingly, there was a high awareness and usage of digital technologies
during the planning/design phase. Hence, the need for digital technology adoption is
emphasized during all phases of building projects, since the potential benefits can be
immense.

Similarly, Gurgun et al. [30] explored the technology adoption against delays in
building projects. The results revealed that many tools, including imaging, planning, the
collection of geospatial data, optimization, and machine learning, were broadly adopted
to address particular causes of delays. However, the strategies for addressing different
causes of delays across the project lifecycle were poorly addressed in the existing literature.
Thus, further explorations on digital technology adoption will contribute to the trends
and technological advances to increase the sustainability of residential building projects by
addressing project delays with the resultant cost savings.
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The adoption of distributed ledger technology for the sustainable building industry
was explored using the Ordinal Priority Approach to assessing the barriers [31]. The study
inferred that digital technology adoption is vital to resolving high-ranked challenges that
are significant to construction sustainability concerning procurement and supply chain
management, anticorruption, transparency, anticounterfeiting, honest competition, and
proper operation. All these aspects are central to residential building sustainability. Explor-
ing the adoption of cyber (digital) technology for sustainable construction can be possible
using sustainable supplies and blockchain technology. It will enable the theoretical explo-
ration of adoption barriers. The technological and supply chain barriers remain the most
significant among industry experts and academia. Therefore, a series of research directions
and propositions culminated from these studies, which justified exploring the adoption of
cyber (digital) technology for sustainable construction, employing the Structural Equation
Modeling (SEM) of critical success factors. The SEM approach has been widely used for
exploring the factors affecting waste reduction in construction projects [32], the evaluation
of sustainable and green supply chain management [33], the performance of construction
projects [34], and the assessment of critical success factors (CSFs) for integrated building
projects. Understanding CSFs is essential for sustainable construction projects, since the
CSFs enable the development of decision support systems and predict project success [35].
Consequently, this study attempted to develop a checklist and a CSF conceptual model that
will improve and guide the successful implementation of sustainable residential housing
projects through the increased adoption of cyber (digital) technology.

2.1. The Concept of Cyber (or Digital) Technology in Construction

The bidirectional coordination in cyber technology systems is described as a two-way
connection between the Virtual Models (VMs) and physical construction, such that any
changes observed in one are instantly reflected in the other [36]. Concerning the construc-
tion industry, this also includes the active control and monitoring of activities and processes,
such that, as various components of the building are erected, the corresponding VM is kept
updated to reflect the progress of the components. On the other hand, when updates are
made to VMs, relevant updates are sent in real time to the physical components [31]. It
is noteworthy that VMs such as BIM have been deployed in the construction industry to
visualize the activities and processes and how they correspond to the construction site’s
physical components. As the lifecycle of a facility moves from the design phase to the
facility management phase, the virtual image can be modified to reflect changes in the
physical components in real time. Thus, this information provides an integrated database
of the project information that the construction team can utilize in the various stages of
the facility’s construction [37]. Serensen [38] argued that integrating VMs with physical
components through cyber/digital technology could lead to better information flow, timely
accessibility to real-time information, and enhanced communication among members of
the design and construction teams, resulting in project delays being reduced. Therefore, it
is vital to understand the next generation’s cyber-physical systems and digital technologies
for sustainable building [39]. The possible scenarios of the next-generation digital tech-
nologies and cyber-physical systems would enhance the workforce’s productivity, safety,
health-building system’s lifecycle management, and competency of the workforce. Simi-
larly, understanding cyber threats and factors confronting building projects’ sustainability
is required to address issues relating to the cyber security of digital assets [40].

2.2. Benefits of Cyber/Digital Technology in Construction

The adoption of cyber/digital technology by construction industry activities and
processes (planning and forecasting) has been recognized for the time and cost reductions
that prevent project delays [41]. As for the efficiency of the construction budget, the
application of digital technologies enables accurate estimates due to the use of technological
devices and models such as iPads, sensors, and digital trackers. Thus, precise quantities
of work/tasks are derived from the design stage. Overestimation of the cost is quelled
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to the barest minimum, while the process is kept within the commensurate budget [42].
Golovina et al. [43] argued that Radio Frequency Identification (RFID) and the Global
Positioning System (GPS) are examples of sensing technology and related image-based
technologies that can be useful in obtaining valuable data from multiple construction
sites [43]. The data obtained can help in formulating a generalized model to produce reliable
site layout plans that are critical in the planning phase of the construction project [44].
The prototype systems have been accepted by evaluators and compared to the present
manual technique of delivering status information if the prototype enhances the progress
operation and monitoring [36]. Some evaluators have called for more research on how
to tell when the installed components are genuinely in place rather than merely being in
the proper spot, and several sensors can be used to track several placement situations.
Hence, it may be more viable to adopt placement sensors, since they will determine when
components are placed next to each other. However, these types of sensors track a single
parameter [45]. Therefore, it has limited applications due to the numerous stakeholders
involved in the construction process [46]. Cyber/digital technologies can also improve the
traditional means of construction activities and products [36]. The integration of innovative
technologies into construction activities and the process can lead to better decision making
between project team members, enhanced communication flow, improved efficiency in
operations, timely delivery, and increased productivity of the workforce [42—44,47].

The aim of incorporating technology in construction is to increase the accuracy and
effectiveness [48]. Cyber/digital technologies contribute a lot to achieving this objective
by streamlining the construction processes to well-defined protocols. This reduces the
errors usually encountered in the process [45]. Technologies also help to reduce cost
wastage resulting from construction [7]. Al-Rakhami et al. [48] opined that incorporating
technologies into construction activities and processes can help the project to be completed
within the required cost and time stipulated. Thus, it reduces wastage and increases
revenue generation. In addition, Fan et al. [49] stated that cyber technologies could help
improve progress monitoring, as-built documentation, and sustainable building practices.
In the same vein, Akanmu et al. [36] argued that the output, which is the realization of the
design through practical construction and maintenance, can be fully actualized.

Moreover, using cyber technologies encourages healthy competition among construc-
tion professionals. Thus, it gives them a professional advantage over their contempo-
raries [50,51]. There is an undeniable need for efficiency in managing the construction
process, and emerging technologies such as cyber technologies offers the best opportunities
to improve the construction process through better integration and transparency [36]. This
makes it a worthwhile addition to construction procedures [50]. Construction activities
before now made information sharing among construction professionals very hectic [36].
With the adoption of cyber/digital technologies, information sharing and documentation
are made much easier for professionals because of the inherent features of these technolo-
gies [52,53]. An evaluation of international benefits and divides concerning cybersecurity
capacity building revealed the formative, low status of the cybersecurity capacity among
the studied countries. However, comparatively high maturity levels could translate into
excellent results for nations [54]. Therefore, exploring the adoption of cyber (digital) technol-
ogy for sustainable construction through modeling CSFs will provide experiential support
to global efforts aimed at establishing a cybersecurity capacity, resulting in benefits for
sustainable building projects [54].

2.3. Critical Success Factors for Implementing Cyber/Digital Technology

Activities related to construction project management are classified as a forward
flow (design and planning) and a feedback flow of information, enhancing the need
for cyber/digital technology [35]. The fundamental driving force behind the forward
progression of the design intent is derived from the Virtual Models (VMs), while the
feedback flow of the information is obtained from monitored activities [55]. Some of the
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conditions that need to be addressed by the Nigerian construction industry can adopt cyber
technology.

2.3.1. Availability of Enabling Technologies

Some of the key enabling technologies that can enhance the cyber technology integra-
tion of Virtual Models (VMs) and their physical components are:

Sensors

Information gathering and dissemination is the responsibility of the devices known
as wireless sensors, which serve as a link between conventional and modern construction
methods [56]. The construction site helps to obtain information about the activities, the
many procedures, and sources of aid that went into the building project. Similarly, sensors
monitor the current state of infrastructure systems throughout their service lives [57].
Cameras, laser scanners, and radio frequency identification devices are all types of sensors
employed in construction processes. These sensors give users access to the data they require
for specific cyber applications. These sensors also ensure bidirectional coordination, since
sensors link the component of its matching virtual representation that is physical in nature.

Communication Networks

Communication permits the transmission of information between fixed devices, mo-
bile devices, and sensors. Therefore, the communication network is one of the most power-
ful technologies for improving the bidirectional coordination between the Virtual Model
(VM) and the physical construction [58]. Some examples of communication networks used
in the construction industry are the internet, wireless local area network (WLAN), wireless
personal area network (WPAN), and Wi-Fi. Through these communication networks, data
can be shared between project team members at the construction site. Thus, it improves
collaboration and real-time communication among the project team. Several factors can
affect the choice of communication networks, such as cost, network topology, and strength
of the network [16].

Virtual Models

Virtual Models (VMs) often serve as a platform that visualizes and embeds informa-
tion about the project’s lifecycle. The VMs can store embedded information that can be
utilized throughout the project lifecycle. These are often referred to as Building Information
Models, containing virtual representations of physical components that can monitor the
status of construction activities and processes [36]. Autodesk Revit, Bentley Architecture,
Navisworks, and Vico are some software packages that can create and navigate these
models [22].

Mobile Devices

These portable devices can access information, establish communication between
team members, and coordinate on-site and off-site construction activities. These small and
handy devices help provide accurate communication, monitor the progress of construction
activities, and provide instant updates on the job done on-site [59]. According to [16],
mobile devices help construction teams to wirelessly address concerns about specific
aspects of the building processes, update design changes, and obtain instant feedback when
necessary. In some cases, mobile devices possess barcode scanners that can help scan tags
to access embedded or coded information.

Real-Time Location Sensing (RTLS) System

This RTLS comprises real-time location sensing tags used to locate an asset, resource,
or a person’s location. They include satellite nodes, servers, transponders, infrared tags,
Bluetooth beacons, and several other devices. An RTLS-based technique for cyber-physical
systems integration in design and construction offers essential opportunities for improving
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real-time building consistency evaluations. It will also aid effective control and decision
making [60]. The improved precision of real-time location tracking for building workforces
showed the effectiveness and applicability of the RTLS under various building environ-
ments. The experimental results also revealed the system’s strong prospect for enhancing
the building performance [61]. Data fusion of the RTLS and physiological status moni-
toring (PSM) for the ergonomics analysis of building workers enables the monitoring of
construction workers for improved project delivery [62].

(i) Q350 RTLS Tags

The RTLS tags have location-sensing capabilities and the capacity to store data (32 KB
of read /write memory). These tags have a very extended communication range of up to
500 m (1600 feet) and enable the automatic identification, tracking, and tracing of assets
and people in areas as vast as steel construction work without the participation of a human
being [36].

(i) SAT 300 RTLS

These operate as one of the numerous reference points (RP) for the identity and
positioning of the RTLS tags. When connected with the i-Q350 RTLS, reference generation
can allow localization to occur within a few feet. With a constant power supply, they are
fully functional and allow communication even with fast-moving tags [36].

(iii) PORT RTLS Reader

These function as a blend between satellite nodes (which are capable of around
400 localizations per minute) and an RTLS reader (which is capable of up to a 500 m
read /write range). These serve as reference nodes and interrogators to obtain real-time
location-sensing data from the tags [36]. In cases where building components or materials
are labeled with RTLS tags, the tags regulate the communications fed to the i-SAT nodes,
which provide position information to the RTLS reader [49].

(iv) Share Positioning Software

This server application filters data and contains supported features such as position
calculations and sensor data. The server regulates the system’s status and exposes tag
communication to business applications [36]. It is noteworthy that the interfaces are
web services designed to encourage system integration and reduce problems such as
serialization. The i-Share positioning software is also where the location information
that the RTLS reader captures is located [36]. The positioning software can be integrated
with BIM and other project management applications for as-built documentation and for
visualizing progress information.

2.3.2. Availability of Cyber Technology Architecture for Construction

As a framework for bidirectional coordination between VMs and physical construction,
the system architecture combines the major enabling technologies (such as communication
networks, mobile devices, and wireless sensors). The architecture is based on a couple of
layers, as discussed next below:

Sensing, Device, and Communication Layers

Chen et al. [63] argued that the sensing layer consists of sensors that monitor different
aspects of the construction process/constructed facility, e.g., the temperature sensor (for
monitoring the temperature of a space), RFID tags, and readers (for identifying and storing
information about components), and real-time location sensing sensors (for tracking the
location and placement of critical components). Depending on the type of sensor used, this
layer can also provide the construction personnel with access to control the construction
process [64]. The device layer consists of the client devices such as personal digital assistants
(PDAs), tablet PCs, iPads, and smartphones) through which the end user (e.g., construction
personnel on-site) can interact with the system. This layer serves two purposes: (i) it
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provides access to sensed data from the sensing layer, and (ii) it enables the entry of
information through the user interface.

The communication layer comprises internet connections and wireless communication
networks such as local area networks (LAN), wireless personal area networks (WPAN),
wide area networks (WAN), and so on [50]. In conjunction with mobile devices, information
can be transmitted through the internet in the communication layer. Table 1 shows the
various research centers of the drivers for adopting cyber technology in construction.

Table 1. CSFs of cyber technology in the construction industry.

Code CSFs References
D1 Availability of sensors
D2 Availability of good communication networks
D3 Availability of mobile devices
D4 Availability of device layers
D5 Creation of workable virtual modes
D6 Availability of a working communication layer
D7 Availability of sensing layers
D8 Government support
D9 Globalization
D10 Flexibility [36,44,45,49,53,63,65]
D11 Market Advantage
D12 Customer satisfaction
D13 Employment development
D14 Its safety and security
D15 Its fraud resistance
D16 Accuracy
D17 Life quality improvement
D18 Project time regulations
Virtual Models

Apart from storing embedding project lifecycle information, Virtual Models (VMs) are
helpful, since they serve as a platform upon which construction activities can be visual-
ized [53]. The information acquired from wireless sensors (such as a tagged component) is
shown in VMs and sometimes saved in the corresponding virtual components. In seeking
access to embedded information or to embed information, project stakeholders can query
the virtual components [36,52]. Likewise, VMs can serve as a platform for remotely oper-
ating physical components of the construction project, such as regulating the electrical or
mechanical systems during the operations and maintenance (O&M) phase of a project.

3. Research Method and Model Development

Table 1 above presents a set of 18 Critical Success factors (CSFs) obtained from existing
studies suitable for implementing cyber technology. As illustrated in Figure 1, this study
adopted a quantitative research approach through a well-structured questionnaire sent to
residential building professionals with relevant industry experience. Subsequently, the
data obtained were subjected to the Exploratory Factor Analysis (EFA) using Statistical
Package for the Social Sciences (SPSS, version 2.0).
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Figure 1. Research design.

3.1. Model Development

Partial Least Square Structural Equation Modeling (PLS-SEM) has gained wide at-
tention across various fields, including the social sciences [66], sciences [67], and engi-
neering [68], due to its capacity to function with non-normal data and its ability to model
latent variables despite smaller samples [69]. Likewise, research adopting the PLS-SEM
approach has been widely published in high-quality Social Sciences Citation Index (SSCI)
journals [70-72]. SMART-PLS 3.3.9, the latest software edition, was deployed to evaluate
the data collected to conduct an inferential analysis. Inferential analyses of the CSFs were
conducted to examine the cause-effect relationships between the exogenous variables
(independent) and the endogenous (dependent) variables [73]. The statistical analysis
deployed the measurement and structural model evaluation technique for this study.

3.1.1. Common Method Variance

The common methods variance (CMV) gave birth to the common method bias (CMB).
The CMB can explain why an analysis’s result has a discrepancy (or inaccuracy) resulting
from the analytical method rather than the constructs represented by the measurements [74].
Conversely, CMV can be regarded as a variance overlap attributed to the constructs and
types of measurement instruments used [74]. However, CMV is often problematic when
data are obtained from a single source, such as a self-administered questionnaire. In
some cases, the self-reported data can trigger issues such as inflating or preventing the
extent of the investigated connections [75,76]. These issues may be underlying in this
research, considering that the data is subjective, self-reported, and was obtained from a
singular source. Hence, it was paramount to address these concerns to deal with any CMV.
Therefore, a formal systematic one-factor test, as postulated by Harman's experiment in
1976, was performed [77]. Consequently, the factor analysis yielded a single factor that
accounted for the most variance [76].
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3.1.2. Construct Validity Analysis

Examining the measurement (outer) model, also known as the confirmatory factor
analysis (CFA), is usually the first step in examining the PLS-SEM results. On the other
hand, the EFA is used to confirm the statistical significance of the constructs before reducing
them into cluster groups [78]. The EFA is designed for interval data or ordinal data. The
variables are partly or wholly correlated to each other through a scatterplot. The method
is used to reduce the factors with the clusters categories that contain other variables. The
formula is indicated below:

Xi = ailFl + Llize + ...+ aimpm +¢é; (1)

where a; are the factor loadings (or scores) for variable i, F is the factors to be analyzed, and
e; is the part of the variable that the factors cannot explain.

For this study, the EFA was adopted to explore the primary constructs underpinning
cyber technology CSFs. It also aids in evaluating the appropriateness of the measuring
items of individual constructs to assess their validity. Since the Principal Component
Analysis (PCA) is more accurate and less conceptually complex, it was chosen over alpha
factoring, image factoring, maximum probability, and Principal Axis Factoring (PAF) [79].
According to Williams et al. [78], PCA is more suitable when no prior theories or models and
immediate solutions are found in the EFA. For this reason, PCA is often set at the default in
several statistical programs and is widely used across the EFA. Due to its ability to optimize
the load dispersion between variables, the varimax rotation method was adopted over the
direct oblimin or Promax rotation. Hence, varimax is often preferred for a simple EFA,
because it is an excellent approach that simplifies the clustering of variables (factors) [80].
Therefore, the 18 variables were considered suitable for the EFA [81].

3.1.3. Measurement Model

The first step in examining the results of PLS-SEM is to evaluate the measurement
(outer) model, known as the confirmatory factor analysis (CFA). It reveals the existing
relationship between the objects and their latent underpinning structure [82]. The conver-
gent and discriminant validity of the measurement model are presented in the following
sections.

Convergent Validity

Convergent validity represents the degree of agreement among two or more measure-
ments of the same construct cluster [83]. It is also regarded as the subset of the construct
validity. The convergent validity of the constructs is often determined using several tests
such as average variance extracted (AVE), Cronbach’s alpha[M1] («), and composite re-
liability (CR) [84]. A CR value of 0.70 and above is an acceptable CR value. Generally,
the higher the values, the higher the reliability levels [85]. AVE, a standard measure of
assessing the convergent validity of constructs in a model, requires values larger than
0.50 [85].

Discriminant Validity

The discriminant validity describes the empirical exceptionality of the phenomena
being evaluated and the extent to which model factors are distinct and uncorrelated [86].
For discriminant validity to be demonstrated, the similarity among measurements that
differ from one another must not be too high [79].

3.1.4. Structural Model Analysis

The major objective of this study is to evaluate the impact of cyber/digital technology
CSFs in construction using PLS-SEM. Consequently, the path coefficients were established,
which show a one-way causal relationship between CSFs of cyber technology constructs
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(£) and CSFs of cyber technology implementation (p1). Equation (2) presents the structural
relationship between £, 1, and €1 formula in the structural model (inner relationship) [87].

= pE+€1 @)

where 3 is the route coefficient that links the CSFs of cyber technology constructions, and
the residual variance at this structural level is predicted to reside in €1. The bootstrap
was carried out with 5000 subsamples that defined the model’s t-statistics. For the PLS
model, four structural equations for cyber technology CSF constructs were formulated,
representing the inner relationship between the constructs and Equation (2).

4. Data Collection and Case Study

The target population for this study comprised residential building sector partici-
pants from the Nigerian construction industry. These professionals (contractors, consul-
tants, and clients) had relevant industry experience responding to questions addressing
the cyber/digital technology CSFs. The respondents were derived from different pro-
fessions/occupations in the construction industry (architects, builders, engineers, and
quantity surveyors). Consequently, two groups of non-probability sampling techniques
were considered: purposive (judgment) and snowball techniques. The purposive sampling
technique was adopted because it is a time and cost-effective sampling method, since it
relies on the researcher’s judgement in identifying the population of interest in the study.
The initial set of respondents also identified other professionals (referrals), which achieved
the aims of the snowball sampling technique. The questionnaire survey was divided into
three significant sections. The first section focused on the demographic profile of the
respondents, and the second section addressed the cyber technology/digital CSFs. These
are presented in Table 1. The third section comprised open-ended questions that allowed
respondents to provide any CSF deemed necessary to the study. Respondents assessed the
cyber technology CSFs using a 5-point Likert scale, where 5 was “extremely high”, 4 was
“high”, 3 was “moderate”, 2 was “small”, and 1 was “no or very small”. The Likert scale is
widely used in this analysis [88-95]. To obtain the required sample size for the study, the
methodological purpose analysis by Badewi [96] was adopted, providing a good head start.
For SEM, a sample size must be greater than 100 cases. Therefore, from a population size of
119 individuals, 98 responses were retrieved, which indicated a response rate of 82%. This
figure was considered appropriate based on the existing literature [97,98].

5. Data Analysis and Results
5.1. Characteristics of the Respondents

Table 2 shows the demographic profile of the respondents (i.e., profession, experience,
and educational attainment). Architects constitute 26%, quantity surveyors constitute
30%, 18% are builders, and 26% are engineers. The composition of the respondents shows
that the critical professions in the construction industry are well represented among the
respondents. Hence, credible sources of information for the study have been established.
Likewise, half (50%) of the respondents have been in their profession in the construction
industry between 11 and 20 years, while 37% have experience below 10 years (Table 2).
Thirteen percent (13%) have more than 20 years of experience. This indicates that the
respondents possess the requisite knowledge for the construction process. Based on the
educational qualification of the respondents, B.Sc./B. Tech degree holders make up 46%,
while HND holders constitute 15%. M.Sc./M. Tech holders constitute 27%. Those with a
PhD constitute 12% of the respondents (Table 2).

Based on their educational attainment, it can be inferred that all the respondents are ed-
ucationally sound concerning construction expertise and deemed relevant for this research.
Based on the number of construction projects undertaken/participated in by the respon-
dents, 32% of the respondents have participated in 11-15 projects, 22% in 16-20 projects,
and 19% in more than 20 projects. Additionally, 17% and 10% of the respondents have
participated in 6-10 and 1-5 projects, respectively. It revealed that the respondents who
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participated in this study are experienced professionals in the construction industry. There-
fore, they are conversant with the use of technology in the industry. Concerning the type
of organization where the respondents practice, results indicate that 35% work in con-
sulting firms, 36% in government agencies, and 29% in contracting firms. Thus, it can be
inferred that professionals have different backgrounds and practices in relevant sectors of
the construction industry.

Table 2. Characteristics of the respondents.

Educational Qualification

HN.D 15 15%
B. Sc/B. Tech 45 46%
M. Sc/M. Tech 26 27%
PhD 12 12%
Total 98 100%
Number of projects participated
1-5 10 10%
6-10 17 17%
11-15 31 32%
16-20 21 22%
Above 20 19 19%
Total 98 100%
Type of organization
Consulting 34 35%
Contracting 29 29%
Government Agency 35 36%
Total 98 100%
Profession of practice
Architects 26 26%
Quantity Surveyor 29 30%
Builders 18 18%
Engineer 25 26%
Total 98 100%
Number of practice years
Below 10 36 37%
Nov-20 49 50%
Above 20 13 13%
Total 98 100%

5.2. Common Method Bias (CMB)

The CMB is the variance or error measurement that affects a study’s validity. It
represents the systematic error variance linked with the estimated and the measured vari-
ables [57]. Thus, Harman’s single-factor assessment of models, which indicates numerous
structure measures, was used for the measurement [28]. To measure the variance of the
standard method, the single-factor test was adopted [58]. If the total variance of the factors
is less than 50%, the CMB does not affect the results [28]. Based on this study’s results, the
first category of factors represents 11.75% of the total variance, which means that the CMV
is not likely to influence the results, because it is less than the threshold of 50% [28].

5.3. Normality Test of Data

The test of data normality is an important check when using multivariate approaches
to data analysis, including regression analysis and SEM. By the way, alternatives should be
utilized when a normality assumption is violated [99]. In this study, the normality of data
was measured as an elementary assumption, and the normality test results for all variables
in the model are shown in Table 3 [100]. If the skewness value is between —2 and +2 and
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the kurtosis value is between —7 and +7, the data are considered normal. As shown in the
following table, the skewness ranged from —1.45 to —0.29, and the kurtosis ranged from
—0.65 to 1.50, revealing that all variables are normally distributed.

Table 3. Results of the normality test.

Variable Skewness Std. Error Kurtosis Std. Error
D1 —0.52 0.17 —0.56 0.33
D2 —0.36 0.17 —0.61 0.33
D3 —-0.33 0.17 —0.53 0.33
D4 —0.29 0.17 —0.19 0.33
D5 —-1.51 0.17 1.66 0.33
D6 —-1.15 0.17 0.76 0.33
D7 —0.86 0.17 0.36 0.33
D8 —0.90 0.17 0.19 0.33
D9 —0.68 0.17 0.05 0.33
D10 —0.43 0.17 0.17 0.33
D11 —0.67 0.17 —0.37 0.33
D12 —0.67 0.17 —0.20 0.33
D13 —0.57 0.17 —0.18 0.33
D14 —0.44 0.17 0.21 0.33
D15 —0.65 0.17 —0.55 0.33
D16 —-1.51 0.17 1.66 0.33
D17 —0.68 0.17 0.05 0.33
D18 —0.36 0.17 —0.61 0.33

5.4. Reliability Test of Data

Table 4 provides the reliability analysis results. According to Nunnally [101], Cron-
bach’s alpha values greater than 0.6 are acceptable for newly developed measurements,
while the average value is 0.7, and those above 0.8 are highly reliable. Therefore, all the
above Cronbach’s alpha values are acceptable, as they are above 0.6. The set average
correlations of the items were higher than 0.3 for all objects, indicating consistent internal
variables [79].

Table 4. Reliability analysis for barriers to the adoption of cyber technology CSF implementation.

Factors Reliability Analysis
Governmental 0.712
Customer satisfaction 0.745
Time 0.765
Social safety 0.798
Marketability of the construction product 0.710

5.5. Exploratory Factor Analysis

Using an exploratory factor analysis (EFA), the factorability structure of the 18 items
relating to the cyber technology CSFs was determined. Consequently, several popular
factorability parameters were adopted. One such is the Kaiser-Meyer-Olkin (KMO). It
is a measurement of factor homogeneity used to check if the partial correlations among
variables are the minimum [102]. Tabachnick et al. [103] argued that the KMO values
range between 0 and 1, and a minimum value of 0.6 is commonly associated with a
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successful factor analysis. Apart from KMO, the Bartlett sphericity test was used to compare
an observed correlation matrix to the identity matrix, where p < 0.05 was considered
significant [104,105]. For this study, the KMO sampling adequacy measure was 0.854,
above the recommended threshold value of 0.6. It indicated that a factor analysis could be
performed on the factors. More so, Bartlett’s test of sphericity revealed a high chi-square
value of 215.623, with a significance level of 0.001, which falls below the 0.050 threshold.
It further highlights that the EFA is suitable for the various cyber technology CSFs. The
validity of each variable was also tested with the anti-image correlation matrix diagonals
reflecting values over 0.5, which validated its suitability. A quick look at the communities
revealed that all values were between 0.40 and 0.70 [94]. Values below 0.4 were considered
problematic. The scree plot and its matrix were examined objectively using the factors
extracted. Based on the scree plot, there was a shift or break after the seventh component,
and sections above this level were retained [94], as shown in Figure 2. The point on the
scree plot where the slope of the curve trails off gives a clear indication of the components
that should be further analyzed.

Scree Plot

2=

0=

T I | I I 1
3 4 3 i 7 a g 1m0 1 12 13 14 15 16 17 18

Component Number
Figure 2. Scree plot results for cyber technology CSFs.

Table 5 presents the matrices of the seven extracted components concerning the various
identified drivers of cyber technology in the construction industry. The matrices indicated
the individual relationship (positive or negative) between each factor and each extracted
component. The total variance explained for the cyber technology CSFs in the construction
industry with the Principal Component Analysis revealed the presence of seven compo-
nents with initial eigenvalues >1. These components explained 12.89%, 12.74%, 12.29%,
11.06%, 10.33%, 10.02%, and 8.36% variances for components 1-7, respectively. The results
further showed the rotated component matrix of the various drivers for cyber technol-
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ogy adoption in the construction industry (Table 5). After eight iterations, the rotation
converged concerning the initial eigenvalue of 1. The highlighted matrices indicated the
benefits with the slightest variations in the initial eigenvalue. Additionally, Table 6 shows
the factors/drivers that share a common attribute with the extracted components based
on the initial eigenvalue of 1, and all commonalities have been accepted (Table 7). Factors
with the same/similar extraction coefficients are grouped in the components (Table 8).

Table 5. Component matrix of the drivers for cyber technology adoption.

Component
1 2 3 4 5 6 7
D1 0.335 —0.708 —0.169 0.445 —0.095 0.085 0.002
D2 —0.345 —0.464 —0.120 —0.302 0.487 —0.166 0.051
D3 —0.059 0.383 0.551 —0.156 —0.079 0.553 0.338
D4 —0.441 0.018 —0.347 0.268 0.113 —0.170 0.377
D5 0.069 0.585 —0.543 —0.043 —0.384 0.109 0.273
D6 —0.011 0.227 —0.314 0.440 0.317 0.358 0.287
D7 0.229 —0.004 0.077 —0.338 0.606 0.332 0.065
D8 —0.719 —0.175 —0.270 —0.245 —0.057 0.248 0.054
D9 —0.534 0.014 0.178 0.188 0.297 —0.474 0411
D10 0.670 0.278 0.086 0.128 0.169 —0.038 0.115
D11 0.027 —0.532 0.425 —0.244 —0.174 0.255 0.500
D12 —0.055 0.743 0.315 —0.330 0.004 —0.260 —0.057
D13 0.277 0.112 0.107 0.467 0.628 0.368 —0.156
D14 —0.169 —0.060 0.817 0.108 0.174 —0.252 —0.058
D15 0.419 0.046 0.227 0.663 —0.212 —0.328 0.224
D16 0.651 —0.370 0.104 —0.299 —0.341 0.079 0.128
D17 0.581 0.039 —0.362 —0.388 0.394 —0.206 0.115
D18 —0.538 0.041 0.155 0.374 —0.155 0.404 —0.236
Extraction method: Principal Component Analysis.
Table 6. Total variance explained the drivers for cyber technology.
Initial Ei Extraction Sums of Squared Rotation Sums of Squared
nitial Eigenvalues Loadi Loadi
. oadings oadings
Drivers - . .
Total %. of Cumulative Total %. of Cumulative Total %. of Cumulative
Variance % Variance % Variance %
1 3.072 17.065 17.065 3.072 17.065 17.065 2.321 12.892 12.892
2 2.357 13.096 30.160 2.357 13.096 30.160 2.293 12.738 25.630
3 2.155 11.973 42.133 2.155 11.973 42.133 2.213 12.292 37.922
4 2.024 11.243 53.377 2.024 11.243 53.377 1.990 11.055 48.977
5 1.795 9.972 63.349 1.795 9.972 63.349 1.860 10.333 59.310
6 1.559 8.662 72.011 1.559 8.662 72.011 1.804 10.023 69.333
7 1.022 5.678 77.689 1.022 5.678 77.689 1.504 8.356 77.689
8 0.947 5.262 82.952
9 0.709 3.936 86.888
10 0.661 3.673 90.561
11 0.624 3.465 94.025
12 0.488 2.712 96.737
13 0.215 1.193 97.930
14 0.165 0.919 98.849
15 0.108 0.601 99.450
16 0.086 0.478 99.928
17 0.013 0.070 99.998
18 0.000 0.002 100.000

Extraction Method: Principal Component Analysis.
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Table 7. Rotated component matrix of the drivers of cyber technology.
Component
Factors 1 2 3 4 5 6 7
D1 0.207 —0.894 0.007 0.064 —0.091 0.029 0.031
D2 —0.599 —0.188 0.282 0.357 0.324 0.010 —0.028
D3 0.059 0.500 —0.284 —0.054 —0.136 0.276 0.688
D4 —0.111 —0.109 —0.092 —0.226 0.692 0.006 —0.088
D5 0.117 0.258 0.028 —0.885 0.055 —0.095 —0.047
D6 0.083 —0.116 —0.097 —0.388 0.309 0.615 —0.009
D7 —0.280 0.117 0.404 0.147 —0.166 0.553 0.209
D8 —0.730 —0.037 —0.316 -0.171 0.244 —0.136 0.086
D9 —0.007 0.161 —0.042 0.315 0.838 —0.070 0.027
D10 0.545 0.097 0.389 —0.068 —0.182 0.311 0.021
D11 —0.095 —0.252 0.030 0.222 —0.026 —0.160 0.848
D12 0.137 0.889 0.076 0.036 —0.024 —0.102 —0.080
D13 0.207 —0.104 —0.036 0.173 —0.077 0.872 —0.143
D14 0.217 0.256 —0.201 0.782 0.122 —0.021 0.167
D15 0.889 —0.208 —0.043 0.058 0.170 —0.043 0.005
D16 0.208 —0.305 0.390 —0.029 —0.514 —0.264 0.421
F17 —0.014 0.004 0.873 —0.141 —0.108 0.152 —0.120
F18 —0.146 —0.014 -0.808 0.022 0.027 0.148 —0.027

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.

Table 8. Commonalities of the drivers to the extracted components.

Communalities
Initial Extraction
D1 1.000 0.856
D2 1.000 0.707
D3 1.000 0.905
D4 1.000 0.571
D5 1.000 0.878
D6 1.000 0.654
D7 1.000 0.654
D8 1.000 0.749
D9 1.000 0.835
D10 1.000 0.593
D11 1.000 0.868
D12 1.000 0.834
D13 1.000 0.872
D14 1.000 0.808
D15 1.000 0.871
D16 1.000 0.800
F17 1.000 0.831
F18 1.000 0.698

All loading factors are greater than 0.5, except D7, D9, D3, D2, and D17. It is important
to note that the factor “D16” has been deleted, since there cannot be only one factor in the
group (Table 9) [106]. Consequently, there were five accepted groups based on the EFA on
all 18 items: Governmental, Customer satisfaction, Time, Social safety, and Marketability of
the construction product.

The highest loading of each variable in the matrix was used to identify the variables
for each phase of the factor. Cronbach’s alpha values greater than 0.6 are considered
appropriate, and 0.7 are suitable, while those above 0.75 are deemed highly accurate [96].
Therefore, in this study, values greater than 0.6 were obtained, making it appropriate for
further analysis [79].
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Following the factor analysis, the conceptual model (Figure 3) for the study was
created, and it contains the four hypotheses listed below.

H1. Governmental satisfaction positively influences cyber technology CSFs implementation.
H2. Customer satisfaction positively influences cyber technology CSFs implementation.

H3. Time positively influences cyber technology CSFs implementation.

H4. Social safety positively influences cyber technology CSFs implementation.

H5. Marketability of the construction product positively influences cyber technology CSFs
implementation.

Table 9. Factor loadings of CSFs of cyber technology.

Component

S/N factors Drivers Drivers Factor Loadings
Availability of a working
1 Component 1 be communication layer 0615
D8 Government support 0.553
5 Component 2 D1 Availability of sensors 0.692
P D12 Customer satisfaction 0.545
D7 * Availability of sensing layers 0.357
3 Component 3 D9 * Globalization 0.148
D3 * Availability of mobile devices 0.244
Creation of workable virtual
4 Component 4 D5 modes 0.782
D18 Project time regulations 0.421
D14 Its safety and security 0.848
D13 Employment development 0.872
5 Component 5 D15 Its fraud resistance 0.889
D2 * Avalla.blhfcy of good 0.207
communication networks
D10 Flexibility 0.873
6 Component 6 D11 Market Advantage 0.889
D4 * Availability of device layers 0.838
D16 * Accuracy 0.688
7 Component 7 D17 * Life quality improvement 0.258

* Excluded due to low factor loading.

5.6. Measurement Model

In assessing the reflective measurement models in PLS-SEM, the convergent and
discriminant validity and internal reliability must be evaluated. The structural model
would, subsequently, be evaluated after the reliability and validity of the measurement
model were analyzed [107]. Table 10 shows that all the model constructs satisfy the
established thresholds (& and p. > 0.70) and, hence, are acceptable [108].

Table 10. The results of the convergent validity.

Cronbach’s Composite

Constructs Alpha Reliability AVE
Governmental 0.712 0.703 0.549
Customer satisfaction 0.745 0.722 0.583
Time 0.765 0.718 0.568

Social safety 0.798 0.794 0.562
Marketability of the construction 0.710 0.712 0.556

product
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Figure 3. Research model.

Table 7 further shows that the constructs also satisfied the AVE threshold, with values
above 0.5 considered acceptable [84]. These results indicate that the measurement model
is internally consistent and convergent. It further implies that the measurement elements
for each construct are well-measured and do not assess any other construct. Constructs
with high outer loads indicate a close relationship between the relevant items for each
construct, while low outer loadings (below 0.4) indicate that the loadings are less influential
and are removed [109]. The external loadings of the measurement models for all items are
acceptable, as shown in Figure 4.

5.6.1. Discriminant Validity

Table 11 showed that the square roots of the AVEs have stronger correlations with
other constructs than their respective equivalent correlations. This indicates that there is
no preexisting link with any of the constructs. In addition, the data demonstrate that each
predictor achieves the maximum loading on the related construct. It further highlights the
suitability of the constructs, which suggests that an acceptable degree of one-dimensionality
may be secured for each construction.
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Figure 4. The PLS-SEM structural model.

Table 11. Discriminant validity.

Marketability of .
Customer . Social .

Constructs . . Governmental the Construction Time

Satisfaction Safety
Product
Customer 0.775
satisfaction
Governmental 0.416 0.74
Marketability of
the construction 0.001 0.079 0.747
product
Social safety 0.047 0.095 0.189 0.749
Time 0.055 0.121 0.133 0.402 0.741

5.6.2. Path Model Validation

In addition, the variance inflation factor (VIF) was evaluated to explore the collinearity
among the construct’s formative variables. In this study, all VIF values were below the
value of 3.5, which shows that the subdomains significantly contributed to the higher-
order constructs. Subsequently, bootstrapping was performed to predict the significance
of the path coefficients, revealing that all the analyzed paths are statistically significant
(Table 12) [83].
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Table 12. Path analysis.
Paths SD T Statistics B p Values
Customer satisfaction -> CSFs of Cyber 0136 1.484 0.400 <0.001
technology
Governmental -> CSFs of
Cybertechnology 0.114 1.824 0.408 <0.001
Marketability of the construction
product -> CSFs of Cyber technology 0217 1027 0.16 <0.001
Social safety -> CSFs of Cyber 0.131 52 0.203 <0.001
technology
Time -> CSFs of Cybertechnology 0.07 3.808 0.367 <0.001

Note: SD = Standard deviation; f = A standardized regression coefficient.

5.6.3. Predictive Relevance Q? and Effect Size f2 of the Structural Model

The cross-validated redundancy measures for each dependent variable were tested
using a blinding approach. The findings showed that the Q2 value of project success of 0.220
is significantly greater than zero, showing that independent constructs have a predictive
relevance for both dependent constructs and moderators taken into consideration in this
study [109]. In addition, the other indicator was called the f? or effect size. The calculation
of the effect size is as below [66]:

f 2= (Rzincluded - Rzexcluded)/ (1 - Rzexcluded) (3)

The suggested guidelines for measuring the effect size are £ > 0.02, £ > 0.15, and
f* > 0.35, correspondingly representing the small, medium, and large effect sizes of the
exogenous construct [110]. The results of the f2 showed an influence of the size of the
exogenous construct for the project performance: CSFs with £ = 1.45.

6. Discussion

Unlike developed nations, adopting cyber technology in construction in developing
countries remains limited and modest. Thus, these developing nations, including Nigeria,
have continued to experience difficulties in infrastructural development and contradic-
tions in the standards of residential building construction. Although new technologies are
expected to impact the sector significantly, the cyber technology’s potential benefits and
implications are still difficult to assess. More so, the essential links in the supply chain,
the stages that make up the building project lifecycle, and the implications for different
industry stakeholders are yet to be fully understood [111,112]. This underlines the need
to implement cyber/digital technology principles to address most of these concerns. The
practitioners’ recognition of cyber technology and its benefits in construction activities
will significantly enhance the decision for higher-level executives to embrace cyber tech-
nology as an integral platform/element in their projects. The successful application of
cyber technology is often based on understanding its adoption and benefits by various
stakeholders (including understanding the CSFs influencing cyber/digital technology). As
revealed by the proposed model, all five cyber/digital technology constructs significantly
impact cyber/digital technology implementation, which can enhance the sustainability of
residential building projects. Therefore, by adopting cyber/digital technology, building
enterprises can improve the quality of their activities and processes at a reduced cost and
time efficiency. The components derived from the PLS-SEM model can be used to prioritize
the CSFs of cyber/digital technology, and these are thoroughly discussed in the preceding
sections.
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6.1. Governmental

The role of the “government” in constructing infrastructural projects in an economy
cannot be overstated. Based on the PLS-SEM model’s results, the governmental factor
possessed the highest effect on the CSFs of cyber/digital technology with a coefficient
loading of 0.408. The components loadings of 0.852 and 0.610 were from the constructs the
“availability of a working communication layer” and “government support”, respectively.
This is in line with the existing literature [100]. Communication networks allow data to be
collected by mobile devices and then transferred to the database through the internet [14].
A good communication network, through the support of various levels of government,
helps to promote technology use in the construction industry.

6.2. Customer Satisfaction

Another critical component is related to “customer satisfaction”. The construct has
two components: availability of sensors and customer satisfaction, with factor loadings of
0.941 and 0.530, respectively. With a coefficient loading of 0.400, “customer satisfaction”
is also related to “stakeholders and knowledge”. These have a significant impact on the
CSFs of cyber/digital technology. This is also in line with the existing literature [55].
Sensors provide access to crucial information required for cyber applications, improving
the satisfaction of consumers of the services from the industry [15].

6.3. Time

A critical component is related to the “time” with a coefficient loading of 0.367. It
ranks third on the scale of CSFs for cyber technology implementation. Constructs such
as the “creation of workable virtual models” and “project time regulations” possessed
factor loadings of 0.880 and 0.602, respectively. As earlier stated during the review of the
existing literature, VMs are often used to control physical components of cyber/digital
technologies remotely. Thus, it ensures construction safety in the industry processes and
activities. These have reiterated that cyber technology’s safety depends on the virtual
means adopted [39,60].

6.4. Social Safety

Social safety is another critical component. It has a coefficient loading of 0.203. Con-
structs including “safety and security”, “employment development”, and “fraud resistance
and the availability of good communication networks” possessed factor loadings of 0.720,
0.748, and 0.779, respectively. The current results concurred with the existing literature [7].
Fraud is a significant impediment to the growth and transparency of the construction
industry [7]. Through cyber technologies, several of these issues can be addressed. The
data collected by mobile devices can also be sent to the database via the internet using

communication networks [101].

7. Marketability of the Construction Product

The final component is related to the marketability of the construction product. It has a
coefficient loading of 0.16. Constructs including flexibility and market advantage possessed
factor loadings of 0.654 and 0.827, respectively. When flexibility is assured, marketability
can be guaranteed. Additionally, Akanmu et al. [36] corroborated this by arguing that
electronic devices aid the marketability of the technology to the end users.

7.1. Managerial Implications

The formulation of the final model underpinned by the CSFs is a potential framework
to be used by residential building professionals (including contractors, project owners, and
stakeholders) in executing cyber/digital technology in their projects more effectively. Thus,
this can provide a “benchmarking tool” or “framework” for successfully transforming con-
struction industry processes and activities through cyber technology. This will ultimately
help developing countries such as Nigeria experience a competitive, stable, sustainable
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economy. The model and “road map” developed in this study further strengthen develop-
ing nations’ need to encourage cyber technology adoption [113]. These developing nations
face several limitations in their quest to embrace new technologies, such as cost concerns,
technology knowhow, and a general lack of awareness of these cyber technologies [114].
As shown in this study, cyber technology provides the opportunity for sustainability and
other relevant innovations to be incorporated into the design procedures of construction
projects [115,116]. Therefore, this study contributes to the body of knowledge on several
ways cyber technology benefits the construction industry.

Firstly, this study revealed that the governmental component possessed the highest
effect on the model. Hence, this study has provided a platform for understanding
digital (or cyber) technology standards and the corresponding factors that influence
the adoption of digital technology to assess their ability to compete and thrive in the
international market via cyber technology integration.

Secondly, this study has provided vital information concerning residential building
professionals (including contractors, project owners, and stakeholders) to implement
digital technology in their projects. This will enable building corporations to optimize
the efficiency, planning, constructability, and consistency of the building/construction
projects’ sustainability.

Thirdly, this study provides empirical proof for developing nations such as Nigeria
that the benefits of adopting cyber technologies certainly outweigh the drawbacks.
This study revealed that developed nations have been at the forefront of related
cyber technology and cyber technology research. However, some emerging nations,
including Australia, China, Hong Kong, Saudi Arabia, the United Kingdom, the
United States, and several others, have continued to research how cyber technologies
have changed the construction industry landscape in their respective countries.

With very few studies on the subject matter in developing nations such as Nigeria,
this study has highlighted the need for a paradigm shift from traditional construction
methods to a digitalized approach.

Hence, this study has narrowed the gap by introducing cyber technology into the
Nigerian construction industry.

Additionally, this study’s results will provide a reference point for future studies on the
need to integrate cyber technology into the activities and processes of the construction
industry in Nigeria.

Another contribution of the study is in the area of the methodological approach. Sev-
eral existing studies on digital technology in the construction industry have centered
around numerous statistical methods, such as the analysis of variance (ANOVA),
content analysis, multiple analysis of variance (MANOVA), and regression modeling.
Using PLS-SEM, the weaknesses observed in those first-generation analysis methods
were mitigated. This study has provided a deep analysis of the various purposes of
adopting and implementing digital technology into the activities and processes of the
construction industry.

Apart from leading to sustainability in the project, digital technologies can lead to
the timely delivery of projects, improved flow of information across the organization,
improved efficiency in operations, improved communication processing, enabled
innovation, the improved international competitiveness of the construction project
delivery, an improved return of investments, and so on.

This study also provided excellent results for residential building professionals (includ-
ing contractors, project owners, and stakeholders) on incorporating cyber technology
into the construction industry to enhance project success.

Additionally, the regulatory bodies of the construction industry will benefit immensely
from this study in the area of policy-making to incorporate the technology into newly
revised policies of the construction industry [20]. By assessing the CSFs and factors
for incorporation, cyber technology can be quickly and gradually incorporated into
construction activities in Nigeria.
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7.2. Theoretical Implications

Although the concept of sustainable development is not new, it does seem to play a
vital role in the way the activities and processes of the construction industry are perceived.
The CSFs model developed using Partial Least Square Structural Equation Modeling (PLS-
SEM) was adopted. Thus, the results of this study will have the following theoretical
implications:

e provides a functional framework for implementing digital technology in building
sustainable residential projects, especially in developing countries. For this reason,
CSFs for implementing digital technology in developing nations are implemented
through the lens of Nigeria as a case study.

e  Assessing these CSFs was critical in overcoming the present barriers facing the suc-
cessful implementation of cyber technology in the Nigerian construction industry.
The objective of this study is novel, considering that no study has analyzed digital
technology CSFs in a Nigerian context before.

e  Therefore, this study has provided a baseline framework built on CSFs for future
studies based on the need to integrate cyber technology into the activities and processes
of the construction industry in Nigeria. The five constructs of CSFs digital technology
were empirically tested using the PLS-SEM, and inferences were made from the
analysis using the bootstrapping technique [108].

8. Conclusions

Cyber/digital technology is widely accepted as a valuable instrument for maximizing
money’s value and boosting project goals and sustainability. However, the application of
cyber technology in developing nations is slow and still has a long way to go. Developing
countries, including Nigeria, have encountered several issues with adopting cyber/digital
technologies, resulting in discrepancies and anomalies in achieving adequate infrastructural
development. One way to mitigate these problems is adopting cyber/digital technology in
Nigeria’s construction industry. This study addressed the CSFs of cyber/digital technology
implementation in the Nigerian construction industry using Partial Least Square Structural
Equation Modeling (PLS-SEM). The identified cyber/digital technology CSFs from the
literature were subjected to an exploratory factor analysis (EFA) and subsequently analyzed
using the PLS-SEM method. However, this study adopted only a quantitative approach in
evaluating the CSFs; future studies could adopt a qualitative or mixed-methods approach to
mitigate against any weakness(es) that might be encountered using a single methodological
approach. Moreso, the sampling techniques adopted and the scope for this study (i.e.,
Nigeria), which, in this case, were both purposive and snowball, make it challenging to
generalize the study’s findings. Therefore, future studies could employ different sampling
techniques to eradicate any possible bias that may have sprung up from using both the
purposive and snowball techniques. Even though cyber/digital technology has been
broadly discussed in the literature, for some sectors, including construction, the adoption
of this technology is still immature and has evolved mainly at the theoretical level, short
of practical applications. This study has demonstrated our novel efforts to identify and
investigate the critical success factors (CSFs) required for implementing cyber technology
in residential building projects. Investigations of these CSFs for potential applications
of cyber/digital technology to realize sustainability in residential construction projects
could lead to significant cost savings, improve construction efficiency, and reduce delays in
project execution. Lastly, the model for the CSFs was developed to showcase the adoption
of cyber/digital technology with other implications for facilitating the goal of achieving
sustainable residential building projects.

Author Contributions: Methodology, A.EK,; Software, A.FK. and A.O.; Validation, J.A.; Investiga-
tion, A FK.; Writing-review & editing, A.FK., M.M.H. and E.O. All authors have read and agreed to
the published version of the manuscript.
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